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Many environmental chemicals are known to exhibit estrogenic or androgenic activity 

some of these occur naturally in plants, while others are manmade by-products that are 

present in agricultural, industrial chemicals and domestic wastes (Ankley et al., 2003;  

Falconer et al., 2006; Fromme et al., 2002; Lavado et al., 2004; Petrovic et al., 2002; 

Schwaiger et al., 2002) These are chemicals that may interfere with the body's endocrine 

system and produce adverse developmental, reproductive, neurological, and immune 

effects in both humans and wildlife called Endocrine Disrupting Chemicals (Bateman et 

al., 2004; Bjorkblom et al., 2009; Cavaco et al., 2001; Chikae et al., 2004a; Mandich et 

al., 2007; Schulz and Miura, 2002). 

1.1 Different types of Endocrine Disrupting Chemicals (EDCs) 

EDCs represent a broad class of molecules such as organochlorinated pesticides, 

organophosphate and industrial chemicals, plastics and plasticizers, fuels, and many other 

chemicals that are present in the environment or are in widespread use. Now a day’s 

scientists make a number of recommendations to increase understanding the effects of 

EDCs on reproductive physiology on fishes (Caserta et al., 2008).  

1.1.1 Bis-phenol A   

Polycarbonate plastics have many applications including use in some food and drink 

packaging such as water and baby bottles, compact discs, and medical devices including 

those used in hospital settings. Epoxy resins are used to coat metal products like bottle 

tops, food cans and water supply pipes. Bisphenol A (BPA), a compound widely used in 

industry, is present in polycarbonate plastics, epoxy resins, metal cans and water pipes, 

beverage and baby bottles, toys, sports equipment, dental sealants, medical equipment 

and tubing, and consumer electronics and also in ATM receipts (Mercola, 2014; 
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Vandenberg et al., 2007). BPA waste has been shown to entering through handling 

loading heating or releasing in the aquatic environment (Murmur and Srivastava, 2011). 

Bisphenol A mimics the activity of estrogens such as 17-β estradiol (E2) via interaction 

with either an estrogen receptors (ERs) or androgen receptor (ARs) (Kang et al., 2002; 

Sohoni et al., 2001; Tijani et al., 2013). 

1.1.2 Organochlorine Hexachlorocyclohexanes (HCH) 

Hexachlorocyclohexanes (HCHs) are a group of manufactured chemicals that do not 

occur naturally in the environment but reach through industrial runoff technical HCH is a 

mixture of various HCH isomers; alpha (α), beta (β), delta (δ) and gamma (γ) (also 

known as lindane (FAO, 2003). Due to lipophilic properties and persistence in the 

environment, β –HCH and α-HCH found excessive amount and γ –HCH less extent; it is 

bioaccumulated and shows biomagnifications through the food chain. In air, γ-HCH is 

photochemically converted to α-HCH. Both γ-HCH and α-HCH can be biologically 

transformed to the more persistent γ-HCH (Cacar, 1997).  

1.1.3 Phthalic Acid Esters (PAEs) 

Phthalic acid esters (PAEs) are familiar omnipresent environmental pollutants and used 

as plasticizers for the manufacturing of plastic products. Di (2-ethylhexyl) phthalate 

(DEHP) is a high production volume chemical used in the manufacture of a wide variety 

of food wrapping, some children’s products like toys, and some polyvinyl chloride (PVC) 

medical devices. Zanotelli et al., 2010 found that DEHP may pose a risk to fishes 

reproductive development Singh and Malik, 2005 was find out the concentration and 

distribution of five major PAEs, viz. di-methyl phthalate (DMP), di-ethyl phthalate 

(DEP), di-butyl phthalate (DBP), di-(2-ethylhexyl) phthalate (DEHP), and di-octyl 
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phthalate (DOP) in the sediment samples of Gomti River collected from 30 different 

locations. The mean concentration values of DMP, DEP, DBP, DEHP, and DOP were 

found as 10.54, 4.57, 10.41, 31.61, and 5.16 microg/kg, respectively. DEHP was the most 

frequently detected PAE (present in 93.3% samples) these authors concluded that PAE 

penetration into the food chain and the environments. Jarosova (2006)  was determined 

the DEHP and DBP contents in packaging materials ranged from 0.1 to 4259 mg DEHP, 

and concentration from 0.1 to 1298 mg DBP per 1 kg in packaging material respectively. 

In all the food samples investigated, measurable levels of DEHP was less than 0.01–0.22 

mg/kg sample and DBP was less than 0.01 to 1.31 mg/kg sample. 

1.1.4 Heavy Metal 

Endocrine disrupters are defined as chemical substances with either agonist or antagonist 

endocrine effects in human and animals. These effects may be accomplished by 

interferences with the biosynthesis or activity of several endogenous hormones. Recently, 

it was confirmed that heavy metals such as), arsenic (As), cadmium (Cd), lead (Pb), 

mercury (Hg), nickel (Ni), and zinc (Zn) may exhibit endocrine-disrupting activity in 

animal experiments. Emerging evidence of the intimate mechanisms of action of these 

heavy metals is accumulating (Georgescu et al., 2011; Tan et al., 2003). 

1.1.5 Personal Care Products (PPCS) 

Detailed information on different categories of EDCs, their primary pathways have been 

compiled and presented (Table1). 
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Table1: Different Categories of endocrine disrupting chemicals and their primary 

pathway to reach aquatic environment. 

Category Primary pathway to waterways Reference 

Alkyl-phenolic 

compounds non-ionic 

surfactants such as 

nonylphenol 

and octylphenol 

Run off from agriculture waste and 

house hold waste in River. 

(Braunbeck, 2002; Grizzle, 2002; 

Gronen et al., 1999; Harris et al., 

2001; Kinnberg et al., 2000; 

Knorr and; Schwaiger et al., 

2002; Shioda and Wakabayashi, 

2000; Tanaka et al., 2002) 

fungicide vinclozolin  

 

Extensively used in agriculture 

insecticides, herbicides and 

fungicides are included in this class. 

(Baatrup and Junge, 2001; 

Bayley et al., 2002; Makynen et 

al., 2000; Tijani et al., 2013) 

Pharmaceuticals 

ethinylestradiol 

(EE2) used in oral 

contraceptives 

 

Synthetic steroids mainly consist of 

oral 

Contraceptives as well as steroids. 

(Tijani et al., 2013; Zillioux et 

al., 2001) 

Plasticizers 

(Phthalates, 

Bisphenol A) 

They are found in detergents, resins, 

some addictives, and monomers 

used in the production of plastics, 

Excessive use of plastics and dump 

anywhere in open field and wastage 

runoff from plastic industries in the 

form of by products 

(Bhatia et al., 2014; Haubruge et 

al., 2000; Kang et al., 2002; 

Kinnberg and Toft, 2003; Shioda 

and Wakabayashi, 2000; Sohoni 

et al., 

2001; Tijani et al., 2013). 

Metals (mercury) Effluent from mills and industries  Mercury (Matta et al., 2001; 

Tijani et al., 2013). 

 

Natural Hormones 

and Steroids sex 

hormone i.e. 

EE2,Estrone 

Effluent from sewage treatment 

plants and run-off from animal 

farms. 

 

(Ankley et al., 2003; Jobling et 

al., 2002; Singh and Srivastava, 

2013; Tijani et al., 2013) 

personal care 

products 

encompassing 

cosmetics, fragrances, 

preservatives, and 

toiletries  

 

Use of this compound i.e. Personal 

care product includes shampoos, 

toiletries, toothpaste, perfume, 

deodorants, etc. Pharmaceutical and 

personal care products (PPCPs) are 

(Houtman, 2010; Tijani et al., 

2013). 

 

 

 

 

 

Pharmaceuticals 

include antibiotics, 

anti-diabetics, anti-

epileptic, 

antimicrobials etc. 

 

 Singh et al., 2011 
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1.2 Effect EDCs on Aquatic life 

Endocrine disrupting chemicals may interact with steroid hormones and their receptors, 

or other hormones and transcription factors in the biochemical pathway of hormonal 

activity.  EDCs are able to cause abnormalities in invertebrate, fish, avian, reptilian, and 

mammalian species (Arditsoglou and Voutsa, 2008; Ferraz et al., 2007; Hjelmborg et al., 

2006). EDCs  can draw out estrogenic responses at very low concentrations there is need 

for concern as many of the phthalate esters and phenolic compounds have been found at 

measurable concentrations in wastewater, surface waters, sediments, groundwater, and 

even drinking water in many countries (Cai et al., 2003; Cortazar et al., 2005; Huang et 

al., 2008; Sha et al., 2007). Endocrine disruption in animals have been recognized by 

several researchers and now fetching an emerging topic to differentiate how these 

chemicals disturb the endocrine regulation in aquatic animal particular in fish (Harris et 

al., 2001; Kinnberg and Toft, 2003). Researchers alerted aquatic contamination by 

endocrine-disrupting compounds through observation of a variety of reproductive 

changes in different species of fish, mollusks and amphibians sampled from contaminated 

river, drainage, downstream of sewage treatment plant (Gagne et al., 2002; Jobling et al., 

2004;  Folmar et al., 2001; Tanaka et al., 2002). 

The examination of hermaphrodite fish in sewage treatment in UK during 1970s and 

1980s initiated an attention of EDCs in effluents (Matthiessen and Sumpter, 1998). 

Purdom et al. (1994) reported estrogenic effects expressed as elevated levels of 

vitellogenin (VTG) in fish caged. Further sewage effulent has been suggested to be the 

causal factor for elevated levels of VTG and inhibition of gonadal growth observed in 

feral male bream (Abramis brama) (Hecker et al., 2002; Vethaak et al., 2005) and 
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depressed T levels in male carp (Cyprinus carpio) (Petrovic et al., 2002; Lavado et al., 

2004). Howell et al., 1980 first time showed the clearest case of androgenic disruption in 

the aquatic environment as the masculinisation of fish Androgens have, also been 

identified in sewage effluents with no secondary treatment (Thomas et al., 2004). 

Circulating levels of hormones are usually determined in serum sample. The effect of 

changes in circulating levels of the sex hormones has been a subject of research in 

endocrine disruption. A decrease and increase in sex steroid concentrations in response to 

EDC exposure is reported, even though the mechanism of action is not clearly known 

(Björkblom, 2009; Snyder et al., 2004). 

In the earliest studies demonstrated that ant estrogenic endocrine disruptor tamoxifen has 

been reduced VTG and estradiol (E2) level in serum (Leanos-Castaneda et al., 2007) 

intersex the fry in tilapia (Singh et al., 2012) and 4 tert pentylphenol, diethylstilbestrol 

have also been showed intersex (Martyniuk et al., 2011; Panter et al., 2002) In another 

study 17α Methyltestosterone (MT) resulted the development atresia and hamper oocyte 

development in female fatherad minnow (Pawlowskin et al., 2004). Dutta et al. (2006) 

conducted a histopathology study on the effect of endocrine disruptor endosulfan on 

testes of bluegill fish Lepomis macrochirus disrupted seminiferous tubules walls, 

structure of the testis was severely disorganized compared to control. In another chemical 

atrazine showed abnormal configuration of seminiferous tubules, deformed primary and 

secondary spermatocytes and a significant fall in Gonado Somatic Index (GSI) (Orton et 

al., 2006). In the exposure of methyl parathion Narayana et al. (2006) reported sloughing 

of germ cells in seminiferous tubules, necrosis formation of multinucleated giant cells 

and cellular degeneration in rat testes. The common carp Ciprinus carpio was exposed to 
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pesticide BHC and Sumithion for 30 and 60 days after treatment the stage II oocytes was 

significantly lower atretic oocytes was higher in treated groups (Kaur and Virk, 1983). 

Mohan (2000) observed the subleathel   concentration 0.05, 0.25, 0.5 ppm of melathion 

caused reduction in ovarian weight and growth of oocytes and rupture of follicular 

epithelium in fish Glossogobius giuris Kaur and Sexana (2002) reported significant 

decline in ovarian weight and occurrence of atersia in ovaries of fishes catched from 

highlypolluted area Budha Nallah Brook Satlaj River Punjab state. 

Adverse effect of EDCs on GSI in common carp captured from polluted river due to 

contamination with Bis Pheonl-A (BPA) and other estrogenic chemicals nonphenol, 

octylphenol was observed by Hassanin et al. (2002); Patino et al. (2003). 

In another rescent study on BPA showed delay in spermiation decrease sperm density, 

motility (Lohnsteiner et al., 2005) Zha et al. (2008) detected ova-testes in male rare 

minnow during EE2 exposure. In the early development exposure of estrogenic and 

androgenic compound shown change the sex ratio towards more male or more female 

(Andersen et al., 2003; Holbech et al., 2006). 

Das and Mukherjee (2000) reported a decline in muscle protein content in L. Rohita 

exposed to organophosphate pesticide. Another chemical diazinon also decline serum 

protein fraction in fish Micropterus salmoides (Pan and Dutta, 2000). Common carp 

exposed to the pesticide diazinon significantly reduced protein in blood (Luskova et al., 

2002) Cyprinus carpio was exposed to monocrotophos for 15 days a significant reduction 

in concentration of DNA and RNA and have opined that this decrease in RNA suggested 

reduced protein synthesis. 
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Rahman and Siddiqui (2006) exposed subchronic doses of phosphorothionate to male and 

female rat depressed the protein level in blood. Due to the contamination of EDCs in 

aquatic environment there are several studies reported abnormal Gonadal development, 

delayed maturation, high level atresia, intersexuality follicular atresia increased 

reproductive hormone level decreased GSI (Bateman et al., 2004; Jobling et al., 2002ab; 

Jobling and Tyler, 2003; Kiparissis et al., 2003) Another frequently observed effect of 

exposure to environmental estrogens is the induction of the yolk precursor protein 

vitellogenin in male and sexually undeveloped fish, alternations in steroidogenesis, sperm  

production and quality (Andersen et al., 2003; Denslow and Sepulveda, 2008; Folmar et 

al., 1996; Hornung et al.,  2004; Orn et al., 2003; Zerulla et al., 2002). Short-term 

exposure to high concentrations of MT (µg/L range) decreased aromatase activity in male 

Japanese medaka (Melo et al., 1999) and fathead minnow (Hornung et al., 2004). 

Changes in external sex characteristics have been reported to be the most sensitive 

endocrine-disruption endpoint in fathead minnows exposed for 4 months to pulp mill 

effluents (Parrott et al., 2003). Although some of these effects in other aquatics have been 

partly reversed over the last few years that high levels of deformities, defects found in 

fish egg and larvae from the North Sea (Dethlefsen et al., 1996) masculinization of 

female gastropods in coastal waters produced by tributyltin (Vos et al., 2000). In studies 

with Atlantic salmon (Salmo salar), showed that 4-nonylphenol, a model xenoestrogen 

compound can act as an estrogen mimic (Arukwe et al., 1997a), as a steroid metabolism 

disruptor (Arukwe et al., 1997b), and modulating estrogen receptor (ER) (Arukwe et al., 

2001). 
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There are a number of evidence exposure to estrogenic compounds has been verified by 

the presence of elevated levels of the female yolk protein precursor vitellogenin (VTG) in 

male fish (Folmar et al., 2001). Estrogenic compounds may reduce the reproductive 

potential of fish populations by causing intersex, decreased gonad size, and altered sex 

ratio (Vigano et al., 2001; Nolan et al., 2001). In a different way Common carp exposed 

to 4-Nonphenol (NP) ranged 0.05 to 5.4 µg for 28-30 days in this study, exposure to NP 

did not elicit a statistically significant increase in plasma E2, plasma T, or plasma VTG 

concentrations. Furthermore, no-treatment related changes in gonad histology or 

morphological parameters were observed (Villeneuve et al., 2002). Jyothi and Narayan 

(1996) reported that exposure to phorate caused reduced GSI of testis and ovary, 

thickened basement membrane and total degeneration and necrosis of germinal 

epithelium in Clarias batrachus. Fathead minnow (Pimephales promelas) have shown 

that exogenous E2 exposure can act both stimulatory and inhibitory on the expression of 

brain aromatase, depending on the concentrations (Halm et al., 2002). The higher 

concentrations reduced the expression of cyp 19b in males while the lower ones 

stimulated it. Interestingly, in other study Guppy brain aromatase activity following 

short-term steroid and 4-Nonyl phenol exposures female brain aromatase was unaffected 

by the exogenous E2 treatment. However both ovarian and testicular aromatase 

expression increased with increasing E2 concentrations. In contrast to these examples, 

brain aromatase activity in female Gambusia holbrooki from downstream of a paper mill 

were elevated when compared to females sampled in the reference the females also 

exhibited masculinised anal fin development, indicating that the fish had been exposed to 

androgenic contaminants from the pulp industry, which may also have caused the 
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alterations in brain aromatase activity (Orlando et al., 2002).  Several studies have 

demonstrated that exposure of EDCs like Bisphenol-A exhibit dysfunctions in 

reproduction and development (Crain et al., 2007) many of them suggested that these acts 

as an estrogen receptor agonist (Crain et al., 2007; Vandenberg et al., 2009). 

Elzeinova et al., 2008 observed Endocrine disruption compound Vinclozolin (VZ) effects 

are mediated by alternations in neuroendocrine regulation of reproduction via inhibiting 

the binding of the androgens to the AR. In fish, studies on VZ eff ects have been focused 

on gonadal diff erentiation and development (Makynen et al., 2000; Kiparissis et al., 

2003) results disruption in testicular steroidogenesis and sperm quality. 

Recent studies in Endocrine disruption in India 

Sharma et al. (2014) reviewed the environmental and human exposure to persistent 

organic pollutants (POPs) in India. Sanghi et al. (2003) measured the organochlorines 

pesticide level in breast milk from Bhopal India. Devanathan et al. (2009) reviewed 

concentration of organochlorines in human breast milk from major metropolitan cities in 

India and effect of this pesticide.  Kumar et al. (2008) showed a significant change 

change in the expression patterns of the major steroidogenic enzymes in adrenal and 

testis: cytochrome P450SCC, cytochrome P450C17, 3β-hydroxysteroid dehydrogenase, 

17β-hydroxysteroid dehydrogenase. From wastewater treatment plant (WWTP) Northern 

region of India. This was further supported by increased enzymatic activities measured in 

vitro Serum hormone profile showed a decreased level of gonadotrophic hormones and 

increased testosterone level. Further, increase in the serum level of alkaline phosphatase, 

and histopathological changes in kidney and liver of treated animals, confirmed the toxic 

effects of contaminating chemicals.  
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From the literature it is evident that there are no studies on the interference of Phthalic 

acid ester and HCH are reported on carp reproductive phases. Many authers such as 

Akingbemi et al. (2004); Hatef et al. (2012); Latini et al. (2004) reported that DEHP is 

capable of disturbing the reproductive process by mimicking or antagonizing steroid 

hormone action and its effects on testosterone, luteinizing hormone or estrogen-like 

activity. DEHP exhibited both estrogenic and anti-estrogenic activity without affi nity to 

androgen receptor (AR) (Takeuchi et al., 2005). Recent studies showed decrease in 

testosterone (T) hormone (Corton and Lapinskas, 2005; Foster, 2006; Swan, 2008). This 

information is necessary to establish the mechanisms of toxicity of phthalates and HCH 

in lower vertebrates and results will provide a more comprehensive understanding of the 

probable hazard phthalates to the reproductive health of fish in the environment.  

DEHP has been shown to reduce activity of genes involved in testicular androgenesis 

(Thibaut and Porte, 2004). However, none of previous studies showed inhibition of 

reproductive hormone level (either T or 11-ketotestosteron, Estradiol Aromatase) (Crago 

and Klaper, 2012; Hafet et al., 2012; Uren-Webster et al., 2010). Taken together, 

literature on DEHP effects on reproductive health is rare and somewhat contradictory and 

required more examination to establish the mechanisms of its toxicity. Therefore, in this 

study the effects of exposure to a range of concentrations of phthalic acid ester and HCH 

were investigated on the reproductive physiology of Labeo rohita.  

1.3 Reproduction and Steroid hormone biosynthesis 

Steroidogenic enzymes are responsible for the biosynthesis from cholesterol of various 

steroid hormones including glucocorticoids, mineralocorticoids, progestins, androgens, 

and estrogens. They consist of several specific cytochrome P450 enzymes (CYPs), 
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hydroxysteroid dehydrogenases (HSDs) and steroid reductases. Numerous organs are 

known to have the capability to synthesize biologically active steroids, including the 

adrenal gland, adipose tissue, brain, placenta, ovary and testis. Three organs that 

specialize in de novo steroid production, the adrenal gland, testis, and ovary. These are 

synthesized from the same cholesterol precursor via a series of biosynthetic steps 

catalyzed by different steroidogenic enzymes (Figure1). The cascade of hormone product 

depends on their respective gene. The first step in the synthesis of steroids is the 

conversion of cholesterol to pregnenolone. The enzyme system that catalyzes this 

reaction is known as P450-linked side chain cleaving system (P450scc) and is found in 

the mitochondria of the steroid-producing cells. There are conversion of Pregnenolone 

may be have two step progesterone, or undergo hydroxylation to yield 17α-

hydroxypregnenolone by P45017α. Pregnenolone converted Progesterone by 3βHSD. 

Progesterone may also be hydroxylated, resulting in 17α-hydroxyprogesterone. The 

principal and most potent mineralcorticoid. 17α-hydroxypregnenolone and 17α-

hydroxyprogesterone may also be converted to the androgens dehydroepiandrosterone 

(DHEA) and androstenedione. The conversion of androstenedione to testosterone is 

mediated by 17-hydroxysteroid dehydrogenase (17βHSD). Androgens are precursors for 

estrogens in the females and the aromatization of estrogenic steroids from them is 

mediated by P450arom. T and E2 are carried in the plasma and delivered to target tissue 

by specific gonadal-steroid binding globulins. 
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Figure 1: Sketch diagram of steroid hormone biosynthesis (Craig et al., 2011) 
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Rivers are vital carriers of water and nutrients to around the earth provide habitat, 

nourishment and means of transport to all organisms. Currently, residual 

pharmaceutical compounds, agricultural runoff, domestic effluents, livestock waste, 

personal care products, industrial waste are reported to be present in aquatic 

environment and are generally recognized as a source of environmental pollutants 

(Ankley et al., 2003; Cespedes et al., 2004; Gehring et al., 2002; Harris et al., 2005; 

Singh and Srivastava, 2013; Tijani et al., 2013; Ying et al., 2002). These natural and 

man-made compounds may interfere with the endocrine system and produce adverse 

effects in wildlife, humans and aquatic animals. Scientists frequently refer to these 

chemicals as “Endocrine Disruptor Chemicals (EDCs) (Candia, 2001; Lavado et al., 

2004; Verma and Singh, 2013). Many authors reported that Our Indian Rivers are 

contaminated with EDCs. Recently the Gomti River has been reported to be 

contaminated by many EDCs (Malik et al., 2007; Nayak et al., 1995; Singh et al., 

2005; Singh and Singh, 2008; Srivastava, 2010). The muscle of the fish contaminated 

with photochemical ozone creation potential (POCPs (Organochlorine pesticide 

(OCPs) has been published in range between 2.58 and 22.56 ng g
–1

 (Malik et al., 

2004; Singh et al., 2005a). Similar distribution patterns for aldrin, dieldrin and OCPs 

have also been reported in water and bed-sediments of the Gomti River (Malik, 2006) 

and in the surface water, groundwater and soil of the adjoining areas (Singh et al., 

2005; 2007). Phthalate acid ester was found most often (94 %). The total phthalates in 

water samples ranged from 313 to 1,640 ng/l, whereas in sediments it was 2 to 1,438 

ng/g DW (dry weight) with Di (2-ethylhexyl) phthalate (DEHP) having the highest 

concentration, this was the first study to describe the levels and ecotoxicological risks 

of phthalates in Kaveri River, India (Selvaraj et al., 2015). Several other authors 

reported concentrations of DEHP are up to 100gL−1 in surface waters and 
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200mgkg−1 (wet weight) in sediments, heavily industrialized areas (Fromme et al., 

2002; Petrovic et al., 2001). Today EDCs are ubiquitous in our environment available 

in air, water, soil (Jensen et al., 2001; Kazeto et al., 2004; Kinnberg and Toft, 2003; 

Schug, et al., 2011; Zhang et al., 2008) They are detected in food products due to 

packaging of plasticizers, occurring naturally in plants (phytoestrogens, EE2, 

Estrone), present in  household products (Detergent, personal care products), 

pesticides (Lindane (Hexachlorocyclohexane isomers (α-HCH, β-HCH, γ-HCH))), 

DDT, endosulphan, atrazine), plastics (Bisphenol- A, phthalates like DMP(Di-methyl 

phthalate, DBP (Di-butyl phthalate) (Srivastava et al., 2010; Verma and Singh, 2012), 

pharmaceutical wastes (birth control pills, industrial  waste chemicals (PCBs, dioxin 

by-products of incineration, paper pulp mill and fuel combustion, and metals i.e. 

cadmium, lead, mercury  (Propper et al., 2005; Verma and  Rana, 2009). Although 

limited scientific information is available on the permitted amount. These chemicals 

may turn on, shut off, or modify signals that hormones carry, which may influence the 

normal functions of tissues and organs. Many of these substances have been linked 

with developmental, reproductive, neural, immune, and other problems in wildlife and 

laboratory animals and the mechanism of action of these chemicals abnormalities are 

also reported in several aquatic animals (Bayley et al., 2002; Candia et al., 2001; 

Harris et al., 2001; Kinnberg et al., 2000; Kloas, 2002; Lavado et al., 2004; 

Schwaiger et al., 2002; Shioda and Wakabayashi, 2000). Sexual differentiation of 

developing gonads in fish is under the control of hormones of the hypothalamus-

pituitary-gonadal axis. Sex steroids play a critical role in early differentiation of the 

gonads into the two sexual types and also subsequent maintenance of the 

differentiated types (Bjorkblom, 2009; Devlin and Nagahama, 2002). Cytochrome 

P450 aromatase is the enzyme complex accountable for the synthesis of estrogens by 
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the aromatization of androgens aromatase is the product of the Cyp19 gene, as a 

single copy per haploid genome. In teleosts there are two isoforms of the aromatase 

gene, Cyp19a and Cyp19b, which encode two structurally different proteins, P450 

arom A and P450 arom B, respectively, with comparable catalytic activities. The 

promoter region of both genes has been characterized 20 different regulatory sites 

these include response elements for members of the nuclear receptor superfamily, sex 

steroid receptors and five transcription factors. These compound affect the regulation 

of CYP 19 gene family, there are number of genes that involved in the formation of 

steroidal hormone. These compounds indirectly affect the expression of the CYP 19 

gene involving in aromatization process by up-regulate or down-regulate it. People 

are concerned because endocrine disrupting chemicals present in the environment at 

very low levels have been shown to have adverse effects in wildlife species as well as 

in laboratory animals. (Guilleette et al., 1994; Harris et al., 2001; Kinnberg et al., 

2000; Kinnberg and Toft, 2003; Kloas, 2002; Lavado et al., 2004; Shioda and 

Wakabayashi 2000; Schwaiger et al., 2002). A decrease in reproduction success was 

one of the well-documented signs of endocrine disruption in fish. In India there is 

very less literature available the effect of EDCs on fishes, how these endocrine 

disruption chemicals works, what happen when it exposed to developing stage of 

fishes and what happen with sex steroid level and gonadal development during EDCs 

exposed fishes.   

In view of the above facts, an experimental study was conducted to elucidate the 

effect of some EDCs on the gonadosomatic index, level of gonadal hormone, 

reproductive physiology and RNA/DNA ratio in Labeo rohita (Rohu) an Indian major 

carp commonly available in our rivers and streams all over the year. The fish L. rohita 

is very sensitive and requires healthy aquactic environment.  However, presence of 
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EDCs in aquatic environments may result in several histopathological changes in 

different tissues (Das and Mukherjee, 2000) and also gonadosomatic index which is 

important parameter to reflect the effect of EDCs on the development of fishes (Ray, 

2000). Further, balanced gonadal hormone level is the key requirement of the fish 

physiology so as to maintaint its population and sustain in nature.  It is therefore, 

essentially required to assess this parameter in knowing the response of EDCs on fish 

reproduction physiology. Microtome application to know the histological changes is 

mostly used parameter in endocrine disruption studies because it analyses the 

development at tissue level so that we may find out clear cut idea about the impact of 

EDCs on specific tissue. We have also taken into account RNA/DNA ratio which 

shows the change in nucleic content in the EDCs exposed fishes. Gonadal hormone 

specially Vitellogenin level has been considered as a Biomarkers in rohu which has 

been used in monitoring as well as in risk assessment. Vitellogenin biomarker has 

been repeatedly used as early warning signals for recognition of effects of endocrine 

disrupting chemicals (Bjorkblom, 2009; Fossi et al., 2002) 

2.1 Experimental fish 

Labeo rohita (Rohu) is the most important food fish in India in other major carp 

species, because the flesh or L. rohita is highly nutritive and very tasty. This graceful 

Indo-Gangetic riverine species is the natural inhabitant of the riverine system of 

northern and central India, and the rivers of Pakistan, Bangladesh and Myanmar. In 

India, it has been transfered into almost all riverine systems including the freshwaters 

of Andaman, where its population has effectively established. The traditional culture 

of this carp goes back hundreds of years in the small ponds of the eastern Indian 

states. Rohu is the principal species reared in carp polyculture systems along with the 

other two Indian major carps viz., Catla catla and mrigal, Cirrhinus mrigala. Due to 
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its wider feeding niche, which extends from column to bottom, rohu is usually 

stocked at relatively higher levels than the other two species. The three Indian major 

carps, rohu being the most important, are also the dominant species cultured in other 

countries such as Bangladesh, Pakistan, Myanmar, Vietnam, Nepal and Lao People's 

Democratic Republic. In all these countries, silver carp, grass carp and common carp 

are the most imperative species reared with the three Indian major carps in 

aquaculture. In view of the above important facts, an experimental study is proposed 

to elucidate the effect of some EDCs on the reproductive physiology of L. rohita. 

Because EDCs are reported in our Indian river and also several rivers all around the 

world. Many of these endocrine disrupting chemicals are the major cause of 

declination of L. rohita in our India Rivers. 

Labeo rohita  

Kingdom: Animalia 

Phylum: Chordata 

Class:           Actinopterygii 

Order:           Cypriniformes 

Family: Cyprinidae 

Genus: Labeo 

Species:         rohita 

Body Structure 

Body fairly elongate, bilaterally symmetrical, its dorsal profile more arched than the 

ventral profile; body with cycloid scales, head without scale, snout depressed, 

projecting beyond mouth, without lateral lobe, eyes dorsolateral in position, not 

visible from outside of head, mouth small and inferior, lips thick and fringed with a 

 Plate 1: Labeo rohita 
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distinct inner fold to each lip, lobate or a pair of small maxillary barbels concealed in 

lateral groove, no teeth on jaws pharyngeal teeth in three rows, upper jaw not enlarge 

to front edge of eye, simple (unbranched) dorsal fin, lateral line and pelvic fin base, 

snout not truncate, without any lateral lobe, colour bluish on back, silvery on flanks 

and belly.  

2.2 Objectives of The Work  

There is a significant lack of research investigating the effects of phthalates on the 

reproductive health of aquatic animals. No information is available on sperm 

dysfunctions, but there are a few studies that show alternations of steroid receptors 

and steroidogenesis at relevant concentrations (Thibaut and Porte, 2004; Carnevali et 

al., 2010; Uren-Webster et al., 2010; Crago and Klaper, 2012). Hence an attempt has 

been made to fill this gap the following objectives which are outlined briefly as 

below: 

1. To observe the effect of different doses of Phthalic acid ester and HCH on the 

maturation, gonado somatic index (GSI), survival and growth of L. rohita. 

2. To observe the histopathological changes in gonad of L. rohita exposed to 

different concentration of EDCs.  

3. To observe the changes in the level of reproductive hormones viz., estrogen 

17-β, testosterone, Aromatase and Vitellogenin in L. rohita exposed to 

different doses of EDCs. 

4. To observe molecular changes (RNA/DNA ratio) in L. rohita exposed to 

different concentration of EDCs using some molecular tools. 
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The entire objectives aimed at finding out how the action of endocrine disrupting 

chemical Phthalic acid ester and Organochlorine HCH trigger the physiological and 

endocrine changes in fish reproduction resulting in adversities on sustainability of fish 

population. 
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3.1 Collection of Test animal: 

L. rohita (rohu) was collected from private hatchery, Lucknow (Plate 2). Fish 

collected from the hatchery was identified using taxonomic keys and maintained and 

acclimatised in aquaria in laboratory conditions.  

 

Plate 2 Test Fish Species, Labeo rohita 

3.1.1 Feed for fish: 

The experimental fishes were fed with healthy commercially available palette diet 

(Tyio Pvt. Ltd.) containing 32% protein daily twice a day (morning and evening) as 

per given details (Table 2) below: 

Table 2: Total ingredients of artificial feed used. 

 

 

 

 

 

 

Bio- ingredients Total percent 

Crude protein 32% 

Crude fat minimum 4% 

Crude fiber maximum 5% 

Moister maximum 10% 
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3.2 Procurement/ chemicals/ hormones and other materials:   

Phthalic acid ester Dimethyl phthalate (DMP), dibutyl phthalate (DBP) and Di (2-

ethylhexyl) phthalate (DEHP) were purchased from Sigma Aldrich, USA. 

Testosterone and 17-β Estradiol estimation kit were purchased from Enzo-Life 

Sciences, India. Aromatase estimation kit was purchased from Uscn Life Science Inc., 

(Catalogue no E931Hu). ARO and Vitellogenin kits were procured from Blue Gene 

(Catalogue no E10V0059). Fish Vitellogenin (VG) other chemicals used in this study 

were purchased from Merck and Fisher Scientific. 

3.3 Techniques Used: 

3.3.1 Physiological Parameter 

3.3.1.1 Length –Weight: 

Length and weight of each fish was measured before and after the experiment using 

Vernier calliper while the weight of fish was taken by digital electronic balance 

(Denver Instrument Germany).  

3.3.1.2 Gonado-somatic Index: 

Gonado-Somatic Index (GSI) is the ratio of gonad weight to body weight used to 

estimate reproductive condition. Reproduction is the most critical stage in the life 

cycle of a species, which determines its fitness and survival. GSI is generally the 

indication of reproductive success. For determining gonado-somatic-index, the gonad 

were removed and taken on a blotting paper to remove excess moisture, then weighed. 

GSI was calculated according to the following equation (Singh et al., 2013)   

 

 



Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    

Ph.D. Thesis/2016/Applied Animal Science/Rita VermaPh.D. Thesis/2016/Applied Animal Science/Rita VermaPh.D. Thesis/2016/Applied Animal Science/Rita VermaPh.D. Thesis/2016/Applied Animal Science/Rita Verma                                                                23 

GSI =        W1     X 100 

  W2 

  

Where, W1 = total weight of gonad 

    W2 = total wet weight of fish 

    3.3.2 Biochemical Test: 

    3.3.2.1 17-β Estradiol estimation: 

Estradiol-17β level in the serum was measured using kit provided by Enzo -Life 

Sciences, India (Catalogue No. 900-174). 

Materials Needed: 

1. Estradiol-17 β standard to allow extraction efficiency to be accurately 

determined.  

2. Diethyl Ether 

3. Speed vac. 

4. dH2O 

Procedure: 

1. Added diethyl ether to serum or plasma samples at 5:1 (v/v) ether: sample 

ratio. 

2. Mixed solutions by vortexing for 2 minutes. 

3. Allowed phases to separate for 2 minutes. 

4. Transferred organic phases to a glass test tube containing 1mL dH2O. 

5. Vortexed the mixture for 2 minutes, and allowed phases to separate for 2 

minutes. 

6. Transferred organic phase to a clean glass test tube, and dry samples down 

using a speed vac. for 2-3 hours. 
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7. Rehydrated samples at room temperature in the assay buffer. A minimum of 

250uL of the assay buffer is recommended for reconstitution to allow for 

duplicate sample measurement. 

      Reagent Preparation: 

1. Wash Buffer 

Prepared the wash buffer by diluting 5mL of the supplied washed buffer then 

concentrate with 95mL of deionised water. This was stored at room temperature 

until the kit expiration, or for 3 months, whichever is earlier. 

2. Estradiol -17 β Standard 

Allowed the 300,000 pg/mL 17 β- Estradiol Standard to come to room temperature 

and vortex prior to use. Lable seven 12 X 75m tubes 1 through 7 and one tube1. 

Pipet 500µL assay buffer into tubes 2 through 7. Remove 10 µL from the stock 

vial and add to use “initial” and vortex thoroughly. Remove 400 µL from tube 

“initial” and add to tube 1 and vortex thoroughly. Remove 500 µL from tube 2. 

Vortex thoroughly, continues this from tubes 3 through 7.  

This diluted standard was used within 60 minutes of preparation. The 

concentrations of Estradiol-17 β in the tubes were labeled above. 

3. Conjugate 1:2 Dilution for Total Activity Measurement 

Prepared the Conjugate 1:2 Dilution by diluting 50 µL of the supplied conjugate 

with 50uL of Assay Buffer. The dilution was used within three hours of 

preparation. This 1:2 dilution is indented for use in the Total Activity wells only. 
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Assay Procedure: 

As referred to the Assay layout sheet to determine the number of wells was used. 

Removed the wells not needed for the assay and returned them with the desiccant 

to the Mylar bag and seal. Stored the unused wells at 4º C. 

• Pipetted 150µl of the assay buffer into the SNB non specific binding wells.  

• Pipetted 100 µl of the assay buffer into the Bo (0 pg/ml standard) wells. 

• Pipetted 100µl of standards 1through 7 to the bottom of the appropriate wells. 

• Pipetted 100 µl of the samples to bottom of the bottom the appropriate wells. 

• Pipetted 50 µl of the blue conjugate into each well except the TA and blank 

wells.  

• Pipetted 50 µl of the yellow antibody into each well except the blank TA and 

NSB wells. 

Note:  Every well used was green in colour except the NSB wells which was blue 

the blank and TA wells were empty at this point and have no colour.  

• Sealed the plate incubate at room temperature with shaking (- 500rpm*) for 

two hours. 

• Empted the contents of the wells and wash by adding 400 µl of wash buffer to 

every well. Repeated 2 more times for a total of 3washes. After the final wash 

empty or aspirate the wells and firmly tap the plate on a lint free paper towel 

to remove any remaining wash buffer.  

• Pipetted 5 µl of the blue conjugate (diluted 1:2) to the TA well. 

• Added 200 µl of the substrate solution into each well. 

• Incubated for 1hour at room temperature without shaking  

• Pipetted 50 µl stop solution into each well.  
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• After blanking the plate reader against the substrate blank .read optical density 

at 405nm. If       plate reader is not capable of adjusting for the blank manually 

subtract the mean   OD of the substrate blank from all readings.  

• The optimal speed for each shaker varied and the range was from 120-700 rpm 

the speed must be set to ensure adequate mixing of the wells but not so 

vigorously the contents of the wells splash out and contaminate other wells.  

Detailed for making standard solution and flow chart for the estradiol assay 

discussed in Table 3 and 4.  

Table 3: Dilution table for making 17-β estradiol dilution standards 1-7 

Std. 

 

Assay Buffer Vol. (µL) Vol. Added (µL) 17β-Estradiol 

Conc. (pg/mL) 

Int.   990 10, Stock 3000 

1   800 400, Initial. 1000 

2   500 500, Std. 1 500 

3   500 500, Std. 2 250 

4   500 500, Std. 3 125 

5   500 500, Std. 4 62.5 

6   500 500, Std. 5 31.3 

7   500 500, Std. 6 15.6 

 

Table 4: 17-β estradiol assay protocol flow chart  

Well I.D.: Blank 

A1, B1 

TA 

C1, D1 

NSB 

E1, F1 

Bo 

G1, H1 

Stds. 

G1, H1 

Samples 

G3-H12 

Assay Buffer ------- ------- 150µL 100µL ------- ------- 

Std. and/or Sample ------- ------- ------- ------- 100uL 100 µL 

Conjugate ------- ------- 50µL 50µL 50 µL 50 µL 

Antibody ------- ------- ------- 50µL 50 µL 50 µL 

Incub.2hrs. @ RT, 

shaking (sealed)  

  --------   

Asp. & Wash 3x 

400 µL 

      

Conjugate ------- 5µL* -------  ------- ------- 

Substrate 200µL 200µL 200µL ------- 200 µL 200µL 

Incub. 1 hour @ RT    200µL   

Stop Solution 50µL 50µL 50µL 50µL 50 µL 50 µL 

Read @ 405 nm       
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 Calculation of Results: 

         The concentration of estradiol-17β was calculated as follow: 

1. Calculated the average net OD for each standard and sample by subtracting the 

average NSB OD from the average OD for each standard and sample. 

Average Net OD = Average OD – Average NSB OD 

2. Calculated the binding of each pair of standard well as a percentage of the 

maximum binding wells (Bo), using the following formula; 

Percentage Bound = Net OD/Net Bo OD x 100 

3. Using logit- log paper, plotted the percentage Bound (B/Bo) versus 

concentration of Estradiol-17 β for the standards. Approximate a straight line 

through the points. The concentration of Estardiol-17 β of the unknowns can 

be determined by interpolation. Samples with concentrations outside of the 

standard curve range will need to be re-analysed using a different dilution. 

  3.3.2.2 Testosterone Estimation 

 Serum testosterone level in the fish was estimated by Testosterone EIA kit, provided 

by Enzo Life Sciences, Catalog Number - ADI- 900- 065. The procedure of 

testosterone estimation is following: 

     Reagent Preparation: 

1. Testosterone Standard 

Allowed the 50, 000 pg/mL Testosterone standard solution to warm to room 

temperature. Labelled five 12 x 75 mm glass tubes 1 through 5. Pipetted 1mL 

of standard diluents (Assay Buffer 3 or Tissue Culture Media) into tube 1. 

Pipetted 750µL of standard diluents into tubes 2 through 5. Removed 40µL of 
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the 50,000 pg/L standard to tube 1.Vortex thoroughly. Added 250 µL of tube 1 

to tube 2 and vortex thoroughly. Add 250 µL of tube 2 to tube 3 and vortex. 

Continue this for tubes 4 and 5. The concentration of Testosterone in tubes 1 

through 5 was 2,000, 500, 125, 31.25 and 7.81 pg mL respectively. Diluted 

standards were used within 60 minutes of preparation. 

2. Wash Buffer 

 Prepare the wash buffer by diluting 5mL of the supplied wash buffer 

concentrate with 95mL of deionized water. This can be stored at room 

temperature until the kit expriration, or for 3 months, whichever is earlier. 

 3.   Assay Procedure: 

Brought all reagents to room temperature for at least 30 minutes prior to 

opening. All standards and samples should be run in duplicate. 

1. Refer to the Assay layout sheet to determine the number of wells to be used 

and put any remaining wells with the desiccant back into the pouch and seal the 

zip. Store unused wells at 4º C. 

2. Pipetted 100µl of standard diluent (Assay Buffer 3 or Tissue Culture Media) 

into the NSB and Bo (0 pg/mL standard) wells. 

3. Pipetted 100µl of standards 1through 5 to into the appropriate wells. 

4. Pipetted 100 µl of the samples into the appropriate wells. 

5. Pipetted 50 µl of Assay Buffer 3 into the NSB wells. 

6. Pipetted 50 µl of the yellow antibody into each well except the blank TA and 

NSB wells. 

7. Incubated the plate at room temperature on a plate shaker for 1 hour at ~ 

500rpm. 
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8. Pipetted 50 µl of the blue conjugate into each well except the Total activity 

(TA) and blank wells.  

NOTE:  Every well used should be Green in colour except the NSB wells 

which should be Blue.  The blank and TA wells are empty at this point and 

have no color. 

9. Incubated the plate at room temperature on a plate shaker for 1 hour at ~ 

500rpm. 

10.  Emptied the contents of the wells and wash by adding 400 µl of wash buffer to 

every well. Repeated the wash 2 more times for a total of 3washes.  

11. After the final wash emptied or aspirate the wells and firmly tap the plate on a 

lint free paper towel to remove any remaining wash buffer.  

12. Added 5 µl of the blue conjugate to the TA wells. 

13. Added 200 µl of the pNpp substrate solution into each well. Incubate at 37 ºC 

for 1 hour without shaking. The plate was covered with the plate sealer 

provided. 

14. Added 50 µl stop solution into each well. This stops the reaction and the plate 

was read immediately. 

15. Blank the plate reader against the Blank wells, read the optical density at 405 

nm, preferably with correction between 570 and 590 nm. If the plate reader is 

not able to be blanked against the blank wells, manually subtract the mean 

optical density of the Blank wells from all readings 

Detailed for making standard solution and flow chart for the testosterone assay 

discussed in Table 5 and 6. 
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   Table 5:  Dilution table for making testosterone standards 1-5:  

Std. Diluent Vol. (µL) Vol. Added (µL) Testosteron (pg/mL) 

1 960 40, Stock 2000 

2 750 250, Std. 1 500 

3 750 250, Std. 2 150 

4 750 250, Std. 3 31.25 

5 750 250, Std. 4 7.8 

 

  Table 6: Testosterone assay protocol flow chart: 

Well I.D.: Blank 

A1, B1 

TA 

C1, D1 

NSB 

E1, F1 

Bo 

G1, H1 

Stds. 

A2- B3 

Samples 

C3- H12 

Standard Diluents ------- ------- 100µL 100µL ------- ------- 

Assay Buffer 3 ------- ------- 50 µL ------- ------- ------ 

Std. and/or Sample ------- ------- ------- ------- 100 µL 100 µL 

Antibody ------- ------- ------- 50µL 50 µL 50 µL 

Incub.1hrs.@ RT shaking  -------- -------- ------- ------- -------- -------- 

Asp. & Wash 3 x 400 µL        

Conjugate ------- 5µL -------  ------- ------- 

Substrate 200 µL 200µL 200 µL 200 µL 200 µL 200µL 

Incub.1 hr @ 37ºC, sealed ------- -------- -------- ------- -------- -------- 

Stop Solution 50µL 50µL 50µL 50µL 50 µL 50 µL 

 

 Calculation of Results: 

  Several options are available for the calculation of concentration of Testosterone in 

the samples. We recommend that the data be handled by an immunoassay soft-ware 

package utilizing a 4 parameter logistic curve fitting program. If data be handled by 

an immunoassay soft reduction software was not readily available, the concentration 

of Testosteron can be calculated as follow: 

1. Calculated the average net OD for each standard and sample by subtracting the 

average NSB OD from the average OD for each standard and sample. 

Average Net OD = Average OD – Average NSB OD 
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2. Calculated the binding of each pair of standard well as a percentage of the 

maximum binding wells (Bo), using the following formula; 

Percentage Bound = Net OD/Net Bo OD x 100 

3. Using logit- log paper, plotted the percentage Bound (B/Bo) versus 

concentration of Testosteron for the standards. Approximate a straight line 

through the points. The concentration of Testosteron of the unknowns was 

determined by interpolation.   

3.3.2.3 Aromatase Estimation 

The Standard diluted with 1.0 mL of Standard Diluent and kept for 10 minutes at 

room temperature, shake gently(not to foam). The concentration of the standard in the 

stock solution is 20ng/mL Please firstly dilute the stock solution to 10ng/mL and the 

diluted standard serves as the highest standard (10ng/mL). Then prepare 7 tubes 

containing 0.5mL Standard Diluents and use the diluted standard to produce a double 

dilution series according to the picture shown below. Mix each tube thoroughly before 

the next transfer. Set up 7 points of diluted standard such as 10ng/mL, 5ng/mL, 

2.5ng/mL, 1.25ng/mL, 0.625ng/mL, 0.312ng/mL, 0.156ng/mL, and the last eppendorf 

tubes with Standard Diluent is the blank as 0ng/mL. 

1. Assay Diluent A and Assay Diluent B - Diluted 6mL of Assay Diluent A or 

B Concentrate(2×) with 6mL of deionized or distilled water to prepare 12 mL 

of Assay Diluent A or B. The prepared working dilution was not frozen. 

2. Detection Reagent A and Detection Reagent B - Briefly spin or centrifuge 

the stock Detection A and Detection B before use. Dilute to the working 

concentration with working Assay Diluent A or B, respectively (1:100). 
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3. Wash Solution - Dilute 20mL of Wash Solution concentrate (30×) with 

580mL of deionized or distilled water to prepare 600 mL of Wash Solution 

(1×). 

4. TMB substrate - Aspirate the needed dosage of the solution with sterilized 

tips and do not dump the residual solution into the vial again. 

 Assay procedure  

1. Determined wells for diluted standard blank and sample. Prepare 7 wells for 

standard, 1 well for blank. Add 100µL each of dilutions of standard (read 

Reagent Preparation), blank and samples into the appropriate wells. Cover 

with the Plate sealer. Incubate for 2 hours at 37oC. 

2. Removed the liquid of each well, don’t wash. 

3. Added 100µL of Detection Reagent A working solution to each well. Incubate 

for 1 hour at 37oC after covering it with the Plate sealer. 

4. Aspiradte the solution and wash with 350µL of 1× Wash Solution to each well 

using a squirt bottle, Multi-channel pipette, manifold dispenser or auto washer, 

and let it sit for 1~2 minutes. Remove the remaining liquid from all wells 

completely by snapping the plate onto absorbent paper. Repeat 3 times. After 

the last wash; remove any remaining Wash Buffer by aspirating or decanting. 

Invert the plate and blot it against absorbent paper. 

5. Added 100µL of Detection Reagent B working solution to each well. 

Incubate for 30 minutes at 37oC after covering it with the Plate sealer. 

6. Repeated the aspiration/wash process for five times as conducted in step 4. 

7. Added 90µL of Substrate Solution to each well. Cover with a new Plate 

sealer. Incubate for 15 - 25 minutes at 37oC (Don't exceed 30 minutes). 
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Protect from light. The liquid will turn blue by the addition of Substrate 

Solution. 

8. Added 50µL of Stop Solution to each well. The liquid will turn yellow by the 

addition of Stop solution. Mix the liquid by tapping the side of the plate. If 

color change does not appear uniform, gently tap the plate to ensure thorough 

mixing. 

9. Removed any drop of water and fingerprint on the bottom of the plate and 

confirm there is no bubble on the surface of the liquid. Then, run the micro 

plate reader and conduct measurement at 450nm immediately 

 Calculation of results 

Averaged the duplicate readings for each standard, control, and samples and subtractd 

the average zero standard optical density. Created a standard curve on log-log graph 

paper, with ARO concentration on the y-axis and absorbance on the x-axis. Drew the 

best fit straight line through the standard points and determined it by regression 

analysis. Using some plot software, such as curve expert 1.30, is also recommended. 

If samples have been diluted, the concentration read from the standard curve must be 

multiplied by the dilution factor. 

3.3.2.4 Vitellogenin Procedure:- 

7 standered of Vitellogenin from 0 ng/ml to 10 ng/ml  

1. Determined wells for diluted standard blank and sample. Prepare 7 wells for 

standard, 1 well for blank. Add 100µL blank each of dilutions of standard and 

samples into the appropriate wells. Cover with the Plate sealer. Incubate for 2 

hours at 37oC. 

2. Removed the liquid of each well, don’t wash. 
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3. Added 100µL of Detection Reagent A working solution to each well. Incubate 

for 1 hour at 37oC after covering it with the Plate sealer. 

4. Aspirated the solution and wash with 350µL of 1× Wash Solution to each well 

using a squirt bottle, Multi-channel pipette, manifold dispenser or auto washer, 

and let it sit for 1~2 minutes. Remove the remaining liquid from all wells 

completely by snapping the plate onto absorbent paper. Repeat 3 times. After 

the last wash; remove any remaining Wash Buffer by aspirating or decanting. 

Invert the plate and blot it against absorbent paper. 

5.  Added 100µL of Detection Reagent B working solution to each well. Incubate 

for 30 minutes at 37oC after covering it with the Plate sealer. 

6. Repeated the aspiration/wash process for five times as conducted in step 4. 

7. Added 90µL of Substrate Solution to each well. Cover with a new Plate sealer. 

Incubate for 15 - 25 minutes at 37oC (Don't exceed 30 minutes). Protect from 

light. The liquid will turn blue by the addition of Substrate Solution. 

8. Added 50µL of Stop Solution to each well. The liquid will turn yellow by the 

addition of Stop solution. Mix the liquid by tapping the side of the plate. If 

color change does not appear uniform, gently tap the plate to ensure thorough 

mixing. 

9. Removed any drop of water and fingerprint on the bottom of the plate and 

confirm there is no bubble on the surface of the liquid. Then, run the micro 

plate reader and conduct measurement at 450nm immediately 

Calculation of results 

Average the duplicate readings for each standard, control, and samples and subtract 

the average zero standard optical density. Create a standard curve on log-log graph 

paper, with VTG concentration on the y-axis and absorbance on the x-axis. Draw the 



Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    

Ph.D. Thesis/2016/Applied Animal Science/Rita VermaPh.D. Thesis/2016/Applied Animal Science/Rita VermaPh.D. Thesis/2016/Applied Animal Science/Rita VermaPh.D. Thesis/2016/Applied Animal Science/Rita Verma                                                                35 

best fit straight line through the standard points and it can be determined by regression 

analysis. Using some plot software, such as curve expert 1.30, is also recommended. 

If samples have been diluted, the concentration read from the standard curve must be 

multiplied by the dilution factor. 

3.3.3 Histological Studies: 

The microscopic anatomy of the cellular changes in gonadal tissues was done using 

histological techniques. The morphological and cellular changes was studied with the 

help of a microscope as per methodology given by Coolidge & Howard (1979) and 

Humason (1979) and described as below:         

Tissue Fixation:  

• The desired tissue of fish was cut into small pieces preferably 4 to 5 mm 

square size. 

• These pieces were put in vials and fixed in 10% formalin. The volume of the 

fixative was at least 20 times the sample size. 

• The tissue was fixed for more than 24 hours. 

Embedding: 

• The samples were washed thoroughly in tap water. 

• The tissue was trimmed into smaller size of 0.5x 0.4x 0.4 cm3 size. 

• The hard tissue (gill and muscle) were decalcified in decalcifying solution and 

soaked them in 5% sodium sulphate (Na2So4) for 1-5 hours and rinsed in tap 

water for 10-30 minutes. 

• The tissue was dehydrated through ascending alcohol grades 30, 50, 70, 90 and 

100%. 

• Put the tissue in xylene to clear opacity from the dehydrated tissue making 

them transparent. 
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• Put the tissue in half xylene half paraffin for half an hour. 

• Put the tissue in full paraffin for one hour for proper infiltration. 

• The tissue was then embedded in paraffin which was allowed to solidify round 

the tissue. 

Preparation of tissue blocks for sectioning: 

• Tissues were embedded in paraffin and were trimmed into square blocks for 

sectioning. 

• The blocks were fixed in the block holder of the microtome (P1 XXa). 

Sectioning: 

• The prepared paraffin blocks containing sample tissue were cut at 4-5 mm 

thickness in the microtome (P1. XX b). 

• The ribbon containing tissue was put into a box. 

• The required size of ribbon was carefully transferred. 

Stretching of tissue: 

The ribbon was put in warm water (45- 50ºC) placed in a big Petridish or 

water bath to stretch the tissue of wrinkles and make it flat. 

Preparation of slide: 

• The required size of ribbon I cut and transferred to a microscope slide covered 

with Mayer’s albumen and containing a little water. The ribbon strip is then 

oriented on the slide as desired. 

• The water is then drained out and the ribbon on the slide is then air dried 

overnight.  

• The slide is now ready for staining. 
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Staining Hematoxylin and Eosin: 

• Put the slide in xylene to dissolve the paraffin. 

• Then hydrate the tissue in descending grades of alcohol starting from 100, 90, 

70, 50, 30% and water with each step of 5 minutes duration. 

• Rinsed in water for 5 minutes. 

• Stained in Hematoxylin for 5-10 minutes. 

• Rinsed in water. 

• Dehydrated through 50%, 70%, 90% alcohol. 

• Counter stained in Eosin. 

• Washed in 90% alcohol. 

• Dipped in Absolute alcohol. 

• Cleared in xylene. 

• Mounted in Canada balsam or DPX. 

• Observed the section under the microscope. 

3.3.4 RNA/DNA Ratio:- 

First, the muscle samples (100 mg ml
-1

, w/v) were homogenized for 5 min in 5% 

trichloroacetic acid (TCA) at 90°C and then centrifuged at 5000 rpm for 20 min. For 

the determination of RNA, 2.0 ml of distilled water and 3.0 ml of orcinol reagent 

(1gm orcinol +100 ml HCL+ 0.5gm Ferric chloride) was added in 1.0 ml of 

supernatant. The reaction mixture was kept in boiling water bath for 20 min. The 

greenish-blue colour thus developed was read at 660 nm in a spectrophotometer. For 

DNA determination, 1.0 ml of distilled water and 4.0 ml of freshly prepared 

diphenylamine reagent (1 gm Diphenylamine reagent + 100 ml glacial acetic acid + 

2.75 ml con H2 SO4) were added to 1.0 ml of the supernatant. The reaction mixture 

was kept on a boiling water bath for 10 min. The blue colour developed was measured 
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at 600 nm. Standard curves for RNA and DNA were drawn using different 

concentrations of yeast RNA and calf thymus DNA, respectively. The values were 

expressed as µg/100 mg fish muscle tissue on dry basis. 

1. DNA 

Table: 7: DNA Dilution for making standard Stock- 2.5mg/ml (if more stocks then 

take 10mg add dissolve in 4ml) 

S.No Standard Concentration Reagent H2O Total 

1 Blank ----- --- 4ml 2.0ml 6 ml 

2 0.1 0.25mg 4ml 1.9 ml 6 ml 

3 0.2 0.50mg 4ml 1.8 ml 6 ml 

4 0.3 0.75 mg 4ml 1.7 ml 6 ml 

5 0.4 1.0 mg 4ml 1.6 ml 6 ml 

6 0.5 1.25 mg 4ml 1.5 ml 6 ml 

7 0.6 1.50 mg 4ml 1.4 ml 6 ml 

8 0.8 2.00 mg 4ml 1.2 ml 6 ml 

9 1.0 2.50 mg 4ml 1.0 ml 6 ml 

Red one are optional (incase if chemical is less) 

2. RNA 

Table 8: RNA Dilution table for making standard, Stock – 5 mg/ml Take 25mg or 

0.025g of RNA to be dissolved in 5ml 

       

 

 

S.No Standard Concentration Reagent H2O Total 

1 Blank ----- --- 3ml 3.0 ml 6 ml 

2 0.1 0.5mg 3ml 2.9 ml 6 ml 

3 0.2 1.0mg 3ml 2.8 ml 6 ml 

4 0.3 1.5 mg 3ml 2.7 ml 6 ml 

5 0.4 2.0 mg 3ml 2.6 ml 6 ml 

6 0.5 2.5 mg 3ml 2.5 ml 6 ml 

7 0.6 3.0 mg 3ml 2.4 ml 6 ml 

8 0.7 3.5 mg 3ml 2.3 ml 6 ml 

9 0.8 4.0 mg 3ml 2.2 ml 6 ml 

10 0.9 4.5 mg 3ml 2.1 ml 6 ml 

11 1.0 5.0 mg 3ml 2.0 ml 6 ml 
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  Unknown 

  Three replications (optional) 

S.No NA extract/ 

Homogenate  

Concentration Reagent H2O Total 

1 1.0 ml Unknown 3 (RNA) /4 

(DNA) ml  

2 (RNA) /1 

(DNA) ml 

6 ml 

2 1.0 ml 3/4ml 2/1.0 ml 6 ml 

3 1.0 ml 3/4ml 2/1.0 ml 6 ml 

 

Calculation of Results:- 

Average the duplicate readings for each standard, control, and samples and subtract 

the average zero standard optical density. Create a standard curve on log-log graph 

paper, with concentration on the y-axis and absorbance on the x-axis. Draw the best 

fit straight line through the standard points and it can be determined by regression 

analysis. 

3.3.5 Water Analysais: 

Water analysis (temperature, pH, hardness, conductivity and dissolved oxygen) was 

carried out by using a water analysis kit provided by Multi 340i, Weiheim, 2004, 

Germany. Temperature of experimental water tested with the help of digital 

thermometer. All these water analysis parameters were tested after a week of 

experiment. 

3.3.6 Statistical analysis: 

All data of this study were calculated and expressed as mean and standard error means 

(SD±SEM). One way analysis of variance (ANOVA) is assessed by using a computer 

programmed software package, SPSS (Statistical Package for Social Science) version-
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16.0. For all statistical tests, values were considered significantly different with P 

values of less than 0.05 (P<0.05).  

 3.3.7 Experimental Design: 

3.3.7.1 Effect of Phthalic acid ester (DMP, DBP and DEHP) on    L. rohita 

Test Species: 

To study the effect of phthalic acid ester on the gonad development of L. rohita, we 

conducted an experiment in glass aquaria in triplicates. About 100 fishes were 

measuring 134±4.2-141±2.2gm weight and 20.4±1.5cm length equally distributed and 

kept into four glass aquaria. Water in the aquaria was continuously filtered (thermo-

controlled filters), aerated and the temperature in the aquaria was maintained between 

25 and 27
0
C by using good quality thermostat heaters.  

 Test Chemical: 

Three concentration of phthalic acid ester {0.2mg/L, 0.3mg/L, 0.5mg/L} was 

dissolved into 1% of DMSO  and then diluted with distilled water added into rearing 

waters so as study the effect of phthalic acid ester on gonad development for control 

only same concentration of DMSO diluted in to water.     

Test Procedure: 

Fishes were fed two times a day with commercial flaked food Taiyo grow (Taiyo Pet 

Productions PVT.LTD). Subsequently, fishes were fed plankton collected from the 

local ponds and fish farms, once daily at noon. In addition Soya powder and corn 

powder were also given to the maturing fishes. This   experiment continued for 90 

days. 
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Water analysis test was done after every one week of experiment. After 30 days of 

experiment both control as well as phthalic acid ester treated fishes (one third of sum) 

were gently netted out from aquarium and measured length and weight. Fishes from 

each group was anesthetized by putting then in water containing 100 mg tricaine 

methanesulfonate (MS-222, Sigma chem. Ltd. USA) per liter buffered 1:1 with 

sodium bicarbonate. Then blood was drawn from the caudal fin of fish and collected 

in efendoef tubes. About 2 ml of the blood was centrifuged at 5000 rpm for 5 minute 

and the serum so obtained was used for analysis of reproductive hormone. Near about 

1ml serum also collected for each 17-β estradiol, testosterone vitellogenin and 

aromatase estimation. At the same time, gonads collected from the control as well as 

experimental fishes were also subjected for RNA/DNA estimation of gonad. 

      Anesthetized fishes were dissected after collecting blood and gonads were 

removed immediately afterwards and fixed in 10% natural buffer formalin solution, 

dehydrated in different grades (30%, 70%, 90% and absolute) ethanol and embedded 

in paraffin wax. Sections (5-7 µm thick) were cut, dewaxed dehydrated with different 

grades of ethanol, stained with Haematoxylin and Eosin, and dehydrated and mounted 

in Canada balsam (Merk, Darmstadt, Germany). Sections were examined under a 

compound microscope (Olympus co., Japan) and phase contrast microscope (Nikon 

co., Japan).       

3.3.7.2 Effect of γ- HCH (Hexachlorocyclohexanes) on L. rohita 

Test Species 

For study of effect of HCH on L. rohita, 100 numbers of maturing fish (weight 140 ± 

5.5gm and length 22.5 ± 0.22cm) were collected and kept in four different glass 

aquaria. Fishes were equally distributed in to aquaria and acclimatized into laboratory 
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condition for one week, then experiment conducted. Water in the aquaria was 

recirculated and continuously filtered (thermo-controlled filters), aerated and the 

temperature in the aquaria was maintained between 25 and 27
0
C by heating elements 

of the pumps.  

Fish food and Test Chemicals:  

Fishes were fed two times a day with commercial flaked food Taiyo grow. 

Subsequently, fishes were fed plankton collected from the local ponds and fish farms, 

once daily at noon. This experiment continued for 90 days. 

Different concentration of HCH (0.2mg/L, 0.3mg/L, and 0.5mg/L) dissolved in to 

95% acetone firstly dissolved into ethanol to prepared stock solution. By diluting this 

solution with distilled water, the required dose was added in the aquarium water in 

different treatment groups. The water was changed reguraly at the interval of 15 days 

and again test chemical mixed in water from prepared test chemical stock solution. 

Test Procedure: 

The effect of HCH on gonadal development and sex differentiation was studied. In 

this study after each 30 days of experiment, each fish was measured for length and 

weight. The all physiological, biochemical and histological parameter of the 

experimental as well as control fish was determined by method described earlier. In 

this experiment HCH treatment was given to the L. rohita by immersion method. For 

this study stock solution of different dose of HCH (0.2mg/L , 0.3mg/L  and 0.5mg/L ) 

was prepared and added into aquaria water, while in the control group,  acetone added 

into the aquaria water. This experiment was also run for three months, after one 

month one third was of each group of fish netted out from aquarium and all 

physiological, biochemical and histological parameters were determined. Fish from 
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each group was anesthetized by putting then in water containing 100 mg tricaine 

methanesulfonate (MS-222, Sigma chem. Ltd. USA) per liter buffered 1:1 with 

sodium bicarbonate. Fish were cut ventrally, using a scalpel, from the genital papilla 

to the base of the pectoral fin. A window on the lateral side was opened and the 

viscera were removed, leaving gonads, swim bladder and kidneys in place. Once the 

pair of gonads was identified, a macroscopic observation based on the morphology, 

location, and insertion of the gonadal tissue was made. Then, a few drops of Bouin’s 

solution were applied topically to the gonads. This procedure hardened the gonadal 

tissue facilitating its removal both gonads were removed using a forceps and placed 

on a glass slide and weight it regular after 30 days interval due to find out GSI of 

control and EDCs exposed fish. The tissue was fixed in Bouin’s solution for 6 hours, 

dehydrated, embedded   in paraffin, stained with haematoxylin and eosin and 

sectioned (5µm) transversely. 
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 4.1 Effect of Phthalic Acid ester DMP on L. rohita 

 Effect of DMP on Gonado somatic index (GSI) of L. rohita: 

The experimental fishes were found healthy throughout the experimental period. 

DMP exposed fishes did not show any changes on GSI compare to control group. The 

observed GSI value in control group ranged from 0.18 ± 0.03 - 0.32±0.01 and in DMP 

treated group ranged from 0.19±0.01-0.316 ±0.015 in the dose of 0.2mg/L, 

0.19±0.01-0.3±0.016 in dose of 0.3mg/L and 0.17±0.01-0.33±0.05 in dose of 0.5mg/L 

after 30, 60 and 90 days (Figure 2). The DMP treated group of fish did not show any 

significant (P >0.5) variation (Table  no.11)  and there was a slight reduction in the 

weight (150±2.6g) after 90 days of DMP treatment 0.5mg/L but it was found 154 ± 

4.4g in control group after 90 days. 

Effect of DMP on biochemical Parameters of L. rohita: 

Testosterone level in serum of DMP treated fish was analyzed and found non-

significant (P>0.5) compared with control group (Table 11.1). In high dose of DMP 

0.5mg/L the testosterone value was 1493.3±16.6pg/ml while in control group of fish it 

was 1497.7±14.pg/ml; in dose of 0.3mg/L it was 1523.7±5.35pg/ml and in 0.2mg/L 

DMP the testosterone value was 1523±5.3pg/ml after 30 days of experiment. Again 

after 60 days of experiment in high dose of DMP 0.5mg/L the testosterone value was 

1472.6±13pg/ml while in control group of fish it was 1482±14pg/ml, in the treatment 

group of 0.3mg/L it was 1523±13pg/ml and in 0.2mg/L the testosterone value was 

1510±12.6pg/ml. After 90 days of experiment in high dose of DMP 0.5mg/L the 

testosterone value was 1470.1± 16.4pg/ml while in control group of fish it was 

1523.7±5.3pg/ml, in dose of 0.3mg/L it was 1530.1±12pg/ml and in 0.2mg/L the 

testosterone value was 1535± 14.6pg/ml shown in Figure 3.  



ResultsResultsResultsResults    

Ph.D. Thesis/2016/Applied Animal Science/Rita VermaPh.D. Thesis/2016/Applied Animal Science/Rita VermaPh.D. Thesis/2016/Applied Animal Science/Rita VermaPh.D. Thesis/2016/Applied Animal Science/Rita Verma                                                                46 

Serum 17-β estradiol was measured there was no significant (P>0.5) changes in Di-

methyl phthalate (DMP) treated fish groups as compared to the control group shown 

in Table 11.1. Control group estradiol level was ranged from 227.3±8.3 to 

251.3±13.12pg/ml after 30, 60 and 90 days of experiment respectively. In 0.2mg/L 

dose of DMP it was 218.9±5.8pg/ml; in the treatment group of 0.3mg/L it was 

measured 253.5±15.3pg/ml and in 0.5mg/L it was found 237.5± 11.4pg/ml at the end 

of 30 days. After 60 days in dose of 0.2mg/L it was 223.9± 7.1pg/ml, in 0.3mg/L dose 

of DMP it was found 261.6±14.pg/ml and in 0.5mg/L dose of DMP it was 

231.5±10.1pg/ml. At the end of experiment after 90 days in 0.2mg/L dose of DMP it 

was 233±12.6pg/ml; in dose of 0.3mg/L it was 262.1±13pg/ml and in 0.5mg/L dose 

of DMP it was found 262±13.9pg/ml shown in Figure 4. Serum Vitellogenin had also 

no chang compare to control group, the data was insignificant (P>0.5) in any group of 

treatment. In control group it was recorded 1083.9±17.1, 1017±16.6 and 1113±12.3 

after 30, 60 and 90 respectively shown in Table no 11.1. In 0.2mg/L dose of DMP it 

was 1060.8±13pg/ml, 1189.7± 16.2pg/ml, 1157.6± 16.2pg/ml after 30, 60, 90 days 

respectively, in 0.3mg/L dose of DMP it was found 1078.4±18pg/ml, 

1190.9±15.2pg/ml, 1104±17.5pg/ml after 30, 60, 90 days respectively. In high dose of 

DMP treatment it was found 1103.8± 14.5pg/ml, 1133.8± 11.5pg/ml and 1070± 

14.5pg/ml 11.5pg/ml after 30, 60 and 90 days of treatment shown in Figure 5.  

Serum aromatase level was insignificant compare to control thought the experiment 

period shown in Table no 11.1.  In control group it was recorded 75.74±3.5, 77.3±2.3 

and 79±3 after 30, 60, 90 days. Figure 6 shown that in experimental exposure group it 

was recorded 79.6±2.12, 83.45±2.5, 86.8±2.1 in 0.2mg/L DMP after 30, 60 and 90 

days and in 0.3mg/L concentration it was measured 89.8±2.4, 84.6±2.1, 89.3±3.2, and 

in high concentration 0.5mg/L it was recorded 84.9±2.5, 81.7±2.2, 85.5±2.6 after 30, 

60 and 90 days respectively.  
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 Effect of DMP on RNA/DNA Ratio of L. rohita 

The group of fish treated with DMP was shows insignificant difference between 

treatment and control group. Table 11.2 shows RNA/DNA ratio value in control 

group ranged from 2.2±0.06-2.12±0.06 and in DMP treated group ranged from 

2.1±0.06-2.09±0.05 in dose of 0.2mg/L, 2.15±0.01-2.04±0.01 in dose of 0.3mg/L and 

1.93±0.04-1.94±0.04 in dose of 0.5mg/L (Figure 7).  

Table no 11.3 described Physio-chemical analysis of water during DMP experiment 

on the L. rohita. The gonad developmental stages are described below. 

Different Stage of Maturation of gonads in L. rohita control condition up to one 

year   from December 2014-Deceber 2015. 

Ovarian Development: 

Histological characteristics of ovarian tissues of Rohu (L. rohita) at the age of 1 year 

were investigated. Developmental stages of oocytes were determined by the 

histological technique and stages characteristics classified by Gadekar, 2014.  

1. Resting phase (November to January) 

2. Preparatory phase: (February to March) 

3. Prespawning phase (April to June) 

4. Spawning phase (July to August) 

5. Postspawning phase: (September to October) 

The observation was done by phase contrast microscope the microphotograph shows 

different structure of gonadal developmental stages of L. rohita. In ovary, each 

ovarian follicle consisted of the developing oocyte surrounded by two layers of 

somatic cells, the inner granulose cells and the outer thecal cells. Table 9 explain all 

these stages were found in this study differentiated by the following characteristics.  
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Table: 9: Different stages of ovarian development of L. rohita. 

Characteristic Structure of Ovary Maturation 

Stage 

Phase 

Early stage of oocyte maturation the ovary is mainly 

composed of small oogonia Figure 26. 

Chromatin 

nucleoli stage 

I 

Oocytes protoplasm side is growing, chromatin material 

is visible inside the oocytes, nucleolus to many small size 

and proximity internal layer nuclear membrane are put 

and vacuoles thin layer around the core made up of 

follicular intensity has decreased basophile oocytes 

Figure 27. 

Perinucleolar 

stage 

II 

Vesicles find yolk oocytes increased in size, around a few 

core vesicles row is visible, follicular cells and increased 

thickness of layers formed radius, amount acidosis 

ovuplasm increased Figure 28. 

Cortical alveoli 

formation stage 

 

III 

Nucleolus scattered in various parts of the core and the 

number of decreases, making the last stage of vacuoles 

reached, increased follicular layer and two layers of 

granulosa cell layer Teca radius is more specific. 

Acidophilic oocytes are completely Figure 29. 

Vitellogenic 

(yolk) stage 

IV 

Gonad, eggs and mature oocyte diameter is increased; 

Yolk accumulation, with vacuoles also merged and 

formed large vacuoles gives Intake oocytes and nuclear 

migration toward the animal pole. Layer around the 

ovarian follicular developed Figure 30.  

Ripe (mature) 

stage 

V 

Spontaneous spawning, the spent ovary showed many 

newly recruited oogonia, some developing oocytes and 

few atretic follicles. 

Spawned or 

spent stage 

VI 

 

Testicular Development:  

 The testes of the control fish were flat and elongated, while the testes of groups were 

bean-shaped and rounded. Previtellogenic cells and somatic cells in the testis were 

still few in number and Previtellogenic cells were distinguishable from somatic cells 

by their bigger size, larger nuclei round to oval contour, and light cytoplasm.  

 Spermatogenesis:  

These processes followed formation of haploid spermatids, and were prominent in the 

dramatic increase in dimension of the spermatocytes. Concomitantly, the enclosed sex 

cells decrease in dimensions and increased in numbers with final maturation of 
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spermatozoa within the cysts. The maturation stages were divided into stages 

characterized by the condensation of chromatin in the nuclei that formed the sperm 

head, a decrease in dimensions, discarding of the residual cytoplasm (residual bodies), 

and development of the middle piece and flagella complex of the mature sperm. Table 

10 explain all these stages were found in this study differentiated by the following 

characteristics. 

Table: 10: Different stages of testes development of L. rohita. 

S.No. Sperm cell types  Histological Characteristics 

1 Primary 

spermatogonium 

(sperm mother cell) 

Largest among spermatogenic cell types,  

spherical in shape, present in cystic form, 

large nucleus with prominent eccentric 

nucleolus, less cytoplasmic affinity with (i.e. 

Hematoxylin - Eosin) dyes Figure 31. 

2 Secondary 

spermatogonium 

Produced as a result of mitotic division of 

spermatogonium primary spermatogonia, 

smaller, rounded in shape, present in groups, 

centrally placed nucleus with visible 

chromatin threads and nucleolus, less 

cytoplasmic content Figure 32. 

3 Primary 

spermatocytes 

Produced by multiplication of secondary 

spermatogonia, saller in size, eccentrically 

placed nucleus with chromatin threads 

gathered on one side, forming nucleolus in 

invisible condition Figure 33. 

4 Secondary 

spermatocytes 

Produced as a result of reduction division of 

primary spermatocytes nucleus with dark 

clumps of chromatin nucleus not visible less 

cytoplasmic content Figure 34 

5 Spermatid Produced as a result of second meiotic 

division of the secondary spermatocytes 

structure deeply stained with haematoxylin, 

rounded nucleus cytoplas scanty Figure 35 

6 Spermatozoa Produced in the metamorphic changes in 

spermatids by orientation and reorganization 

of nucleoplasm and cytoplasm together with 

the development of flagellum small rounded 

deeply stained structure present in clusters 

Figure 35. 
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Effect of DMP on gonadal development and structure of L. rohita: 

During experimental period it was found that ovary of control L. rohita was I and II 

maturity stages. After the first 30 days of experiment in 0.2mg/L, 0.3mgL, 0.5mg/L 

dose of DMP the ovary development at resting phase they were small in size with 

large nuclei. They were separated from the germinal epithelium and are known as 

oogonia. The immature oocytes remain unstained, but later they are stained deeply 

with hematoxylin. The nucleus was large with many prominent nucleoli. Oocytes 

protoplasm side was growing, Chromatin material was visible inside the oocytes, 

Nucleolus to many small size and proximity internal layer nuclear membrane are put 

and vacuoles thin layer around the core made up of follicular intensity has decreased 

basophile oocytes  Figure 36. 

After 90 Days of experiment the ovarian development shifted resting stage to 

preparatory phase. The oocytes were larger in size with prominent nuclei. During 

maturation, yolk deposition took place. At a perinucleolar stage, the yolk nucleus was 

located close to the nuclear membrane; however, yolk nucleus migrates to the 

periphery of the ooplasm during further maturation. 

The development of ovary same as in control condition. There is no lesion, or altered 

structure seen in histological observation compare to control Figure 37. 

4.2 Effect of Phthalic acid ester (DBP) on L. rohita 

Effect of DBP on Gonado somatic index (GSI) of L. rohita: 

DBP exposed fish has no effect on GSI. Figure 8 shows that GSI value in control 

group ranged from 0.19±0.01-0.34±0.02 and in DBP treated group had no effect 

0.16±0.01-0.32 ±0.02 in 0.2mg/L, 0.16±0.02-0.322±0.02 in 0.3mg/L and 0.17±0.01-
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0.34±0.02 in 0.5mg/L after 90 days. The group of fish which treated with DBP did not 

show significant (P >0.5) variation Table 12.  

Effect of DBP on biochemical Parameters of L. rohita: 

DBP treated fish was analyzed and found significant (P<0.5) reduction in testosterone 

level in serum when data was compared with the control fish (Table 12.1). In high 

dose of DBP the testosterone serum level was significantly (p<0.5) the testosterone 

value was 1174.3±13.3pg/ml after 30 day, while in control group of fish it was 

1523.7±5.3pg/ml while in 0.3mg/L the testosterone value was 1428.7±9.2pg/ml and 

in 0.2mg/L the testosterone value was 1523±12.8pg/ml after 30 days of experiment. 

After 60 days in high dose of DBP 0.5mg/L the testosterone value was 

988.7±13.7pg/ml (p<0.05), in 0.3mg/L it was 1082±12.5pg/ml  and 0.2mg/L the 

testosterone value was 1513±5.35pg/ml, while in control group of fish it was 

1513±8.5pg/ml. After 90 days of experiment in high dose of DBP 0.5mg/L the 

testosterone value was 961± 10.4pg/ml it was highly significant at (P<0.001) while in 

control group of fish it was 1533.7±8.5pg/ml, in 0.3mg/L the testosterone value was 

1093.1±19.3pg/ml and in 0.2mg/L it was 1258± 13.6pg/ml shown in  Figure 9. 

Serum 17-β estradiol found significantly (P<0.05) increase in DBP treated fish group 

as compared to the control fish group it was 227.3±8.3-251.3±13.12pg/ml (Table 

12.1). In 0.2mg/L dose of DBP it was 359.9±14.6pg/ml; in 0.3mg/L dose of DBP it 

was found 394.5±16.6pg/ml and in 0.5mg/L dose of DBP it was found 394± 

16.1pg/ml at the end of 30 days all data was significant at P<0.05. After 60 days of 

experiment in 0.2mg/L dose of DBP estradiol value was 340±13pg/ml; in 0.3mg/L 

dose of DBP it was found 438±21.6pg/ml and in 0.5mg/L dose of DBP it was found 

438±13pg/ml and end of experiment after 90 days in 0.2mg/L dose of DBP estradiol 

value was 360.8±14pg/ml; in 0.3mg/L dose of DBP it was found 524±7pg/ml and in 
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0.5mg/L dose of DBP it was found 524±9.7pg/ml. data was significant at P<0.01 

figure 10. Serum Vitellogenin has slightly increased compare to control group, the 

data was non-significant (P>0.5) In 0.2mg/L dose of DBP it was 1038.8±11pg/ml; in 

0.3mg/L dose of DBP it was also found non-significant (P>0.05) 1128.4±14p.3g/ml 

and in 0.5mg/L dose of DBP it was found (P<0.05) 1383.8± 15.3pg/ml at the end of 

30 days. After 60 days in 0.2mg/L dose of DBP vitellogenin was 1155± 12.6pg/ml 

(P>0.05); in 0.3mg/L it was found 1445.9±15.4pg/ml (P<0.05) and in 0.5mg/L dose 

of DBP it was found 1383±17.8pg/ml.  and  after 90 days of experiment in 0.2mg/L 

dose of DBP vitellogenin level was 1258.6±12.2pg/ml; in 0.3mg/L dose of DBP it 

was found 1450±12.8pg/ml and in 0.5mg/L dose of DMP it was found 

1404±18.9pg/ml. all data are significant (P<0.05) compare to control group. Control 

fish serum vitellogenin ranges, 1018±16.1; 959±14.5; 999±19.6 30, 60, 90 

respectively Figure 11. 

Serum aromatase level in control was recorded 77.8±2.5, 79.5±3.5 and 84.3±2.5 

pg/ml after 30, 60, 90 days respectively (Table 12.1) In experimental DBP exposure 

in the dose of 0.2mg/L it was slightly increase in the aromatase level which were 

81.6±2.1, 105.3±4.5, 108.5±4.5 in 0.2mg/L after 30, 60 and 90 days respectively and 

was insignificant (P>0.05). Treatment in the dose of 0.3mg/L DBP concentration it 

was measured 94.4±5.6, 105.5±5.4, 116.4±2.5 after 30, 60 and 90 days respectively, 

and in higher concentration 0.5mg/L there was a further increase in aromatase level 

105.5±5.2, 125.9±6.3, 136.2±4.2 after 30, 60 and 90 days respectively (Figure 12) 

The aromatase level was significantly increase (P<0.05) after 90 days of treatment. 

Effect of DBP on RNA/DNA Ratio of L. rohita: 

The group of fish treated with DBP showed significant decrease of RNA/DNA ratio 

in high dose of the experimental period. Table 12.2 shows RNA/DNA ratio value in 
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control group which ranged from 2.2±0.01-2.12±0.09 and in DBP treated group it did 

not significantly (P>0.05) affect any changes in 0.2mg/L, 0.3mg/L and 0.5mg/L 

where it was 2.1±0.09, 2.15±0.01 and 2.1±0.06 after 30 days respectively. After 60 

days it was also insignificant (P>0.05) where in the dose of 0.2mg/L where the value 

was 2.09±0.4, but it showed significantly declined (P<0.05) in 0.3mg/L and 0.5mg/L 

it was significantly (P>0.05) reduced 1.5±0.04 and 1.52±0.05. After 90 days of 

experiment it was also not significant (P>0.05) in 0.02mg/L 2.09±0.04 but it show 

significant declined (P<0.5) value in treatment groups of 0.3mg/L and 0.5mg/L where 

it was 1.7±0.08 and 1.4±0.02 (Figure 13) 

Table no 12.3 Described Physio-chemical analysis of water during DBP experiment 

exposed L. rohita in aquarium. 

Effect of DBP on gonadal development and structure of L. rohita: 

During experimental period it was found that maturity stages of ovary of L. rohita 

were I and II in control condition. However, after the first 30 days of experiment in 

0.2mg/L, 0.3mgL, 0.5mg/L dose of DBP the ovary development was in resting phase 

and they were small in size with large nuclei. They were as similar as in control group 

known as oogonia. The immature oocytes remained unstained, but later they are 

stained deeply with hematoxylin. The nucleus was large with many prominent 

nucleoli. Oocytes Protoplasm side was found growing, chromatin material was visible 

inside the oocytes, nucleolus to many small size and proximity internal layer nuclear 

membrane were put and vacuoles thin layer around the core made up of follicular 

intensity had decreased basophile oocytes Figure 37. 

After 90 Days of experiment the ovarian development shifted from resting stage to 

Preparatory phase in control and experiment condition. The oocytes were larger in 
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size with prominent nuclei. During maturation, yolk deposition took place. At a 

perinucleolar stage, the yolk nucleus was located close to the nuclear membrane 

(Figure 13b) however, yolk nucleus migrates to the periphery of the ooplasm during 

further maturation in controlled condition, but in 0.5mg/L dose of DBP, histological 

analysis of the gonads confirmed that the gonads visually identified as intersex, 

Intersex population was the intermediate form of ovary and testes. Histological 

structure showed many spermatids surrounded by the ovarian cavity in all group of 

intersex population. Developing ovary showed perinucleolar oocytes (POC) 

Spermatocytes (ST) imposex condition figure 15a. There were a significantly lower 

proportion of spermatozoa in the testes of males in the treatment group of 0.5mg/L 

compared to control Figure 38. 

 4.3 Effect of Phthalic Acid ester (DEHP) on L. rohita 

 Effect of DEHP on Gonado somatic index (GSI) of L. rohita: 

The experimental fishes were found unhealthy throughout the experimental period. 

DEHP exposed fish had no significant effect on GSI only few groups of exposure 

showed significant decrease. Table 13 Shows that GSI value in control group ranged 

from 0.1±0.01-0.33±0.02 after 90 days and in DEHP treated group 0.2 mg/L had not 

significant (P>0.5) changes in GSI it was 0.13±0.01, in 0.3mg/L it was 0.16±0.01 and 

high does 0.5mg/L it was 0.18±0.02 after 30 days of experiment. After 60 days in 

treatment dose of 0.2mg/L the GSI was 0.22±0.01, in 0.3mg/L it was 0.23±0.01 and 

in high dose of DEHP 0.5mg/L it was 0.22±0.01 all data were non-significant 

(P>0.05). After 90 days DEHP exposed L. rohita GSI was 0.31±0.02, 0.33±0.01 in 

dose of 0.2mg/L and 0.3mg/L respectively. There was significant (P<0.5) reduction in 

GSI at high dose of DEHP exposed fish it was measured 0.28±0.01 after 90 days. 

(Figure 14) 
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Effect of DEHP on biochemical Parameters of L. rohita: 

DEHP treated fish was analyzed and found significant (P<0.5) reduction in 

testosterone level in serum when data was compared with the control fish (Table 

13.1). In high dose of DEHP the testosterone serum level was significantly (p<0.05) 

decrease (P<0.05) the value was 1106±19.8pg/ml after 30 day, while in control group 

of fish it was 1525.7±5.38pg/ml; in 0.3mg/L the testosterone value was 

1523.7±13pg/ml and 0.2mg/L the testosterone value was 1525±12.5pg/ml after 30 

days of experiment. After 60 days in high dose of DEHP 0.5mg/L the testosterone 

value was 613.2±10.9pg/ml (P<0.01), in 0.3mg/L treatment dose it was 

1511±6.1pg/ml and in 0.2mg/L the testosterone value was 1508±14.9pg/ml, while in 

control group of fish it was 1508±1.83pg/ml. At the end of experiment after 90 days 

in high dose of DEHP 0.5mg/L the testosterone value was 586.5± 19.9pg/ml (P<0.01) 

while in control group of fish it was 1528.8±12.7pg/ml , in 0.3mg/L the testosterone 

value was 1445.1±17.5pg/ml and in 0.2mg/L it was 1408± 14.9pg/ml (Figure 15). 

Serum 17-β estradiol found significantly (P<0.05) increase in DEHP treated fish 

group as compared to the control fish group it was ranged from 263±13.7-282 

±14.9pg/ml shown in Table 13.1. In 0.2mg/L dose of DEHP it was 307±8.16pg/ml; in 

0.3mg/L dose of DEHP it was found 333.3±12.2pg/ml and in 0.5mg/L dose of DEHP 

it was found 370±16.4pg/ml at the end of 30 days. After 60 days in 0.2mg/L dose of 

DEHP estradiol level was 363± 12.2pg/ml; in 0.3mg/L dose of DEHP it was found 

413.8±20.2pg/ml and in 0.5mg/L dose of DEHP it was found 406.7±13.5pg/ml all 

data were significant at (P<0.05). After 90 days of experiment in 0.2mg/L dose of 

DEHP it was measured 324.3±10.2pg/ml; in 0.3mg/L dose of DEHP it was found 

529±17.7pg/ml and in 0.5mg/L dose of DEHP it was found 529.32±17.7pg/ml Figure 

16. Serum Vitellogenin had slightly increased compare to control group, the data was 
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insignificant (P>0.5) in 0.2mg/L dose of DEHP it was 970.7±12.2pg/ml; in 0.3mg/L 

dose of DEHP vitellogenin level was significantly increased (P<0.05) it was  

1116.7±18.7pg/ml and in 0.5mg/L dose of DEHP it was measured (P<0.05) 1436.3± 

18.7pg/ml at the end of 30 days;  After 60 days in 0.2mg/L dose of DEHP vitellogenin 

level was 1139± 18.1pg/ml; in 0.3mg/L dose of DEHP it was measured 

1447.4±13.9pg/ml and in 0.5mg/L dose of DEHP it was found 1628±13.8pg/ml all 

were significant (p<0.05) and end of experiment after 90 days in 0.2mg/L dose of 

DEHP vitellogenin was measured 1229.8±17.5pg/ml; in treatment group of 0.3mg/L 

it was 1536.5±18.7pg/ml and in 0.5mg/L dose of DEHP it was 1701±20pg/ml all data 

were significant (P<0.05) compare to control group. Control fish serum vitellogenin 

ranged 1018±16.1; 919.8±20.1; 1039.8±19.5pg/ml after 30, 60, 90 respectively Figure 

17. 

Serum aromatase level in control was recorded 79.74±2.5, 79.1±3.1 and 

79.7±2.1pg/ml after 30, 60 and 90 days respectively. In experimental DEHP exposure 

in the dose of 0.2mg/L it was slightly increased in aromatase level which were 

92.35±3.5, 95.45±3.5, 106.1±2.1 after 30, 60 and 90 days respectively. Treatment in 

the dose of 0.3mg/L of DEHP concentration it was measured 97.7.5±2.4, 111.6±4.5, 

126.3±4.2 after 30, 60 and 90 days respectively, and in higher concentration 0.5mg/L 

there was significant (P<0.05) increase in aromatase level 113.9±3.4, 153.3±4.2, 

213.3±2.3 after 30, 60 and 90 days respectively Figure 18 (Table 13.1). 

Effect of DEHP on RNA/DNA Ratio of L. rohita 

 The group of fish treated with DEHP showed significant decrease of RNA/DNA ratio 

in high dose of the experimental period Table 13.2 shows RNA/DNA ratio value in 

control group which ranged from 2.6±0.09-2.74±0.05 and in DEHP treated groupit 

did not significantly (P>0.05) affect any changes in 0.2mg/L, 0.03mg/L and 0.5mg/L 
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where it was 2.6±0.06, 2.1±0.04, 2.1±0.04 respectively after 30 days respectively. But 

After 60 days of experiment it was significantly reduced in all group of treatment 

(P<0.05) in 0.02mg/L DEHP it was 2±0.07, in 0.3mg/L it was 1.99±0.07 and in 

0.5mg/L it was 1.95±0.05. After 90 days of experiment it was also significant 

decrease in RNA/DNA ratio in the dose of 0.02mg/L where the value was 1.9±0.05 

and in 0.3mg/L and 0.5mg/L treatment dose it were measured  2.08±0.05 and 

1.8±0.08 respectively (Figure 19) 

Table 13.3 includes all water parameter during experimental work. 

Effect of DEHP on gonadal development and structure of L. rohita: 

Exogenously DEHP exposure to fish was observed significant changes in gonad 

structure and their development. Histological analysis of the gonads confirmed that 

the gonads visually identified as intersex, Intersex population was the intermediate 

form of ovary and testes. There were a significantly lower proportion of spermatozoa 

in the testes of males in 0.5mg/L treatment group compared to control group figure 

39, but there were significantly more spermatocytes in the testes of control fish. 

Histological structure showed many spermatids surrounded by the ovarian cavity in 

all group of intersex population. (Figure 40, 41). At the high concentration of DEHP 

the microphotograph shows that the oocytes going to degenerate due to endocrine 

disruption Figure 41.  

 4.4 Effect of Organochlorine γ-HCH on L. rohita 

 Effect of γ-HCH on Gonado somatic index (GSI) of L. rohita: 

The experimental fishes were found deleterious throughout the experimental period. 

γ-HCH exposed fish had significantly (P<0.5) decreased GSI compare to control 

group. Table 14 shows that GSI value in control group ranged from 0.17±0.01-
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0.35±0.01 after 30, 60 and 90 respectively. HCH treated group it did not significantly 

(P>0.05) affect any change in 0.2mg/L, 0.3mg/L and 0.5mg/L where it was 

0.14±0.01, 0.16±0.01 and 0.16±0.01 after 30 days respectively. After 60 days it was 

also insignificant (P>0.05) where in the dose of 0.02mg/L it was 0.21±0.01. In 

0.3mg/L and 0.5mg/L doses it was 0.22±0.01 and 0.26±0.01. After 90 days of 

experiment in the treatment group of 0.2mg/L and 0.3mg/L GSI value was 0.27±0.01 

and 0.24±0.01 respectively. But in high dose 0.5mg/L HCH was significantly 

(P<0.05) decrease GSI compare to control group of fish where it was 0.29±0.01   and 

there was a slight reduction in the weight (143±4.6g) after 90 days of γ-HCH 

treatment. The control fish obtained 151± 6.04g in 90 days (Figure 20). 

 Effect of γ-HCH on biochemical Parameters of L. rohita: 

HCH treated fish was analyzed and found that serum testosterone level significantly 

(P<0.5) increased compared to control group (Table 14.1). After 30 Days of 

experiment, the serum testosterone level was showed no changes in any group of 

experiment exposure. in high dose of HCH (0.5mg/L) testosterone value was 

insignificant (P>0.05) it was 1683.7±14.1 pg/ml, while in control group of fish it was 

1523.7±5.3pg/ml; in the treatment dose of 0.3mg/L the testosterone value was 

1578.7±9.2pg/ml and in dose of 0.2mg/L the testosterone value was 1513±5.8 pg/ml. 

After 60 days of experiment in high dose of HCH the testosterone value was 

significantly (P<0.05) increased 1844.7±17.7pg/ml, in dose of 0.3mg/L HCH the 

testosterone value was 1693±6.5 pg/ml and in 0.2mg/L it was 1510±5.35pg/ml, while 

in control group of fish it was 1493.7±16.2 pg/ml. After 90 days in high dose of HCH 

0.5mg/L the testosterone value was 1933.7± 16.7pg/ml (P<0.05) while in control 

group of fish it was 1503.7±14.13 pg/ml ; in 0.3mg/L the testosterone value was 
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1781.1±11.4 pg/ml and in dose of 0.2mg/L HCH the testosterone value was 16.2± 

15.6 pg/ml Figure 21. 

Serum 17-β estradiol (E2) was measured significant (P<0.05) decreased in HCH 

treated fish group as compared to the control fish group. In control group it was 

ranged from 227.3±8.3-251.3±13.12pg/ml after 90 days (Table 14.1). In 0.2mg/L 

dose of HCH E2 was measured 211.4±6.6pg/ml; in 0.3mg/L dose of HCH it was 

found 109.5±6.6pg/ml and in 0.5mg/L dose of HCH  it was measured 108± 6.15 

pg/ml at the end of 30 days all data were insignificant (P>0.05). After 60 days of 

experiment in 0.2mg/L dose of HCH it was measured 218± 14.2 pg/ml; in 0.3mg/L 

dose of HCH it was found 115±12.2 pg/ml and in 0.5mg/L dose of HCH it was found 

significant (P<0.05) decreased estradiol value was  88.5±3.2 pg/ml. After 90 days of 

experiment in 0.2mg/L dose of HCH it was 246±15.4 pg/ml; but serum estradiol level 

was significantly (P<0.05) decreased in 0.3mg/L dose of HCH it was found 79.7±3.9 

pg/ml and in 0.5mg/L dose of HCH it was found 84±3.5 pg/ml Figure 22. Serum 

Vitellogenin has slightly decreased compare to control group after 90 days of 

treatment. All data was insignificant (P>0.5) in 0.2mg/L dose of HCH it was 

1286±14.2 pg/ml, 1235± 19.8pg/ml and 1345±14.6 pg/ml after 30 60 and 90 days 

respectively; in dose of 0.3mg/L ther was found significant (P<0.05) reduction in 

vitellogenin level it was 1123.6±9.1 pg/ml, 1109.2±8.1 pg/ml and 1109.2±15.1 pg/ml 

after 30 60 and 90 days respectively. In the treatment group of 0.5mg/L it was 

measured 1115.7± 18.9pg/ml, 1123±16.3 pg/ml and 1136.5±13.4pg/ml after 30 60 

and 90 days respectively all data were significant (P<0.05) decreased compare to 

control group. Control fish serum vitellogenin ranges, 1341±14; 1312±19.8; 

1320±16.9 after 30, 60, 90 respectively Figure 23. 
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    Serum aromatase level did not show significant variation (P>0.05) in any treatment 

group compare to control shows in Table 14.1. In control group it was 79.5±4.5, 

89.5±2.3 and 87.6±4.5 pg/ml after 30, 60 and 90 days respectively. In experimental 

group it was recorded 83.5±3.5, 79.5±3.5, 87.5±2pg/ml in 0.2mg/L dose of HCH after 

30, 60 and 90 days and in 0.3mg/L concentration it was measured 74.5±2.4, 70.2±3.5, 

79.5±2.6 pg/ml, and in high concentration 0.5mg/L dose of HCH it was 70 ±2.5, 

71.5±4, 70.5±2pg/ml after 30, 60 and 90 days respectively Figure 24. 

Effect of γ-HCH on RNA/DNA Ratio of L. rohita 

The group of fish treated with HCH showed a gradually significant decrease of 

RNA/DNA ratio in all group of exposure. Table 14.2 shows RNA/DNA ratio value in 

control group ranged from 2.6±0.09-2.74±0.05 and in dose of 0.2mg/L, 0.03mg/L and 

0.5mg/L HCH ratio it was 1.9±0.13, 1.3±0.14 and 1.04±0.07 after 30 days 

respectively. It was gradually decreased after long time exposure and significant 

(P<0.05) reduction showed in dose of 0.02mg/L it was measured  1.6±0.22, in 

treatment group 0.3mg/L it was 1.8±0.17 and in dose of 0.5mg/L it was 1.45±0.07 

after 60 days.  It was also significant (P<0.05) reduction after 90 days in 0.02mg/L it 

was 1.9±0.13, in dose of  0.3mg/L and 0.5mg/L it was measured 1.4±0.18 and 

0.89±0.05 respectively (Figure 25).  

Table 14.3 includes all the water parameter during experiment. 

Effect of γ-HCH on gonadal development and structure of L. rohita- 

After 90 Days of experiment in control group the ovarian development shifted resting 

stage to preparatory phase. The oocytes were larger in size with prominent nuclei. 

During maturation, yolk deposition took place. At a perinucleolar stage, the yolk 

nucleus was located close to the nuclear membrane; however, yolk nucleus migrates 
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to the periphery of the ooplasm during further maturation Figure 42. Gonads of HCH 

treated Labeo rohita showed intersex condition developing oocyte, arrow showed 

degenerated  follicular connective tissue (FTC), ovules goes to atresia, showed 

intersex condition structure showed number of spermatids (ST) stage surrounded the 

mature oocytes (MOC) Bar scale = 20µm.. There was lesion, or altered structure seen 

in histological observation compare to control Figure 43, 44 and 45. 
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Table: 11. Effect of different dose of Phthalic acid ester (DMP) on the Morphological parameters of maturating stage of L. rohita (All Data are 

presented as X

± SEM). 

 

 

Physiological 

Parameters 

 

 Control (C) 

 

 0.2mg/L 

 

0.3mg/L 

   

 0.5mg/L 

 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

    

Weight (g) 

 

141.6 

±2.22 

144.5 

±2.6 

154 

± 4.4 

143.2 

± 3.4
n.s.

 

143.9 

± 3.6
n.s.

 

150.8 

± 2.9
n.s.

 

141.7 

± 4.1
n.s.

 

149.2 

± 2.1
n.s.

 

150.1 

± 2.3
 n.s.

 

147.6 ± 3.5
 

n.s.
 

146 

± 4.8
 n.s.

 

150 

± 2.6
 n.s.

 

 

Length (cm) 

 

20.87 

±0.3 

21.65 

± 0.39
 
 

22.05 

±0.3
 
 

21.97 

±0.14
 n.s.

 

21.8 

±0.20
n.s.

 

22.23 

±0.29
n.s.

 

20.75 

±0.27
n.s.

 

22.5 

±0.22
n.s.

 

22.14 

±0.33
n.s.

 

21.3 

± 0.24
 n.s.

 

21.65 

± 0.39
 n.s.

 

22.35 

±0.21
 n.s.

 

 

Gonad weight 

 

0.260 

±0.02 

0.395 

±0.01
 
 

0.500 

±0.02 

0.273 

±0.01
 n.s.

 

0.387 

±0.02
n.s.

 

0.474 

±0.01
n.s.

 

0.274 

±0.02
n.s.

 

0.393 

±0.02
n.s.

 

0.491 

±0.02
n.s.

 

0.261 

±0.01
 n.s.

 

0.370 

±0.01
 n.s.

 

0.500 

±0.06
 n.s.

 

 

GSI 

 

0.182  

±0.03
. 

 

0.270 

±0.013 

0.327 

±0.01 

0.190 

±0.01
 n.s.

 

0.271 

±0.07
n.s.

 

0.316 

±0.05
n.s.

 

0.193 

±0.01
n.s.

 

0.263 

±0.04
n.s.

 

0.327 

±0.06
n.s.

 

0.178 

±0.015
n.s.

 

0.253 

±0.01
 n.s.

 

0.334 

±0.05
n.s.

 

    Significance between the control and experimental group:  a= P< 0.001, b= P<0.01, c= P< 0.05, n. s= not significant 
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Table: 11.1 Effect of different dose of DMP on the biochemical parameters of maturating stage of L. rohita (All Data are presented as X± 

SEM). 

 

 

 Parameters 

 

 Control (C) 

 

 0.2mg/L 

 

0.3mg/L 

   

 0.5mg/L 

 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

Testosterone 

(pg/ml) 

1497.7 

±14.5 

1482 

±14.0 

1523.7 

±5.3 

1523 

±5.3
 n.s.

 

1510 

±12.6
 n.s.

 

1535 

±14.6
 n.s.

 

1523.7 

±5.35
 n.s.

 

1523 

±13.5
 n.s.

 

1530 

±12.0
 n.s.

 

1493.3 

±16.6
 n.s.

 

1472.6 

±13
 n.s.

 

1470.1 

±16.4
n.s.

 

 17 β Estradiol 

(pg/ml) 

227.3 

±8.3
 
 

235.9 

±9.8
 
 

251 

±13.1 

218.9 

±5.8
 n.s.

 

223.9 

±7.1
 n.s.

 

233 

±12.6
 n.s.

 

253.58 

±15.3
 n.s.

 

261.6 

±14.5
 n.s.

 

262.1 

±13
 n.s.

 

237.2 

±11.4
 n.s.

 

231.7 

±10.1
 n.s.

 

262 

±13.9
n.s.

 

Vitellogenin 

(pg/ml) 

1083.9 

±17.1 

1017 

±16.6 

1113 

±12.3 

1060.8 

±13.0
n.s.

 

1189.7 

±16.2
 n.s.

 

1157.6 

±16.2
 n.s.

 

1078.4 

±18
 n.s.

 

1190.9 

±15.2
 n.s.

 

1104 

±17.5
 n.s.

 

1103.8 

±14.5
 n.s.

 

1133.8 

±19.3
 n.s.

 

1070 

±19.8
n.s.

 

Aromatase 

(pg/ml) 

75.74 

±3.5
 
 

77.3 

±2.1
 
 

79 

±3
 
 

79.6 

±2.12
 

n.s.
 

83.45 

±2.5
 n.s.

 

86.8 

±2.1
 n.s.

 

89.7 

±3
 n.s.

 

84.6 

±21
 n.s.

 

89.3 

±3.2
 n.s.

 

84.9 

±2.5
 n.s.

 

81.7 

±2.2
 n.s.

 

85.5 

±2.6
 n.s.

 

 

Significance between the control and experimental group:  a= P< 0.001, b= P<0.01, c= P< 0.05, n. s= not significant. 
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Table: 11.2 Effect of different dose of Phthalic acid ester (DMP) on the RNA/DNA ratio of L. rohita (All Data are presented as X±SEM). 

  

 

 

Physiological 

Parameters 

 

 Control (C) 

 

 0.2mg/L 

 

0.3mg/L 

   

 0.5mg/L 

 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

 

DNA/RNA ratio 

 

2.2 

±0.06 

2 

±0.03
 
 

2.12 

±0.06 

2.1 

±0.06
n.s.

 

2 

±0.07
n.s.

 

2.09 

±0.05
n.s.

 

2.15 

±0.1
 n.s.

 

1.95 

±0.02
n.s.

 

2.04 

±0.1
 n.s.

 

1.93 

±0.04
 

n.s.
 

1.92 

±0.01
 

n.s.
 

1.94 

±0.04
 

n.s.
 

 

Significance between the control and experimental group:  a= P< 0.001, b= P<0.01, c= P< 0.05, n. s= not significant. 
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Table: 11.3 Physio-chemical analysis of water during DMP exposued L. rohita in aquuarium 

 

Water 

parameters 

 

 Control (C) 

(X

± SEM)    

 

Range 

10µg/L (M1) 

(X

± SEM)  

 

Range 

20µg/L (M2) 

(X

± SEM)  

 

Range 

25µg/L (M3)    

(X

± SEM)  

 

Range 

 

Temperature 

(ºC) 

 

27.32 ± 0.29 

  

 

26-28.9 

 

27.4 ± 0.28 

 

26-28.9 

 

27.35 ± 0.30 

 

26-29 

 

26.98 ±  0.39 

 

26.1-29.8 

pH  7.22 ± 0.25 6.2-8.1 7.8 ± 0.19 6.8 -8.6 7.5 ± 0.19 6.9-8.5 7.14 ± 0.18 6.5-8.2 

Dissolve Oxygen 

(mg/L) 

4.96 ± 0.39 3.2-6.7 4.26 ± 0.33 2.6-5.6 5.09 ± 0.39 2.9-7.1 3.86 ± 0.31 2.9-5.7 

Electrical 

Conductivity 

(µS/cm) 

274.9 ± 6.89 255-310 273.6 ±  5.60 255-296 274.8 ± 5.96 245-298 269.2 ± 5.62 240-295 

Hardness  

(mg/L) 

201.5 ± 3.17 180-211 199.3 ± 5.50  160-215 198.2 ± 5.12 165-215 195.9 ± 5.13 165-216 
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Table: 12 Effect of different dose of Phthalic acid ester (DBP) on the Morphological parameters of maturating stage of L. rohita (All Data are 

presented as X

± SEM). 

 

 

Physiological 

Parameters 

 

 Control (C) 

 

 0.2mg/L 

 

0.3mg/L 

   

 0.5mg/L 

 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 

days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

 

Weight (g) 

130.6 

± 8.3 

141.3 

± 7.2 

143.5 

±5.9 

131.4 

±8.8 

134.8 

± 8.0 

139 

±7.6 

138.3 

±5.2 

141.3 

±4.8 

142.9 

±4.8 

140.4 

±5.5 

138.4 

±6.7 

144.8 

±5.3 

 

Length (cm) 

 

20.42 

±0.2 

21.2 

±0.2 

21.95 

±0.19 

20.65 

±0.13 

21.8 

±0.20 

22.23 

±0.29 

20.85 

±0.21 

21.75 

±0.19 

22.25 

±0.17 

20.65 

±0.28 

20.7 

±0.s2177 

20.7 

±0.21 

 

Gonad 

Weight 

 

0.247 

±0.023 

0.367 

±0.02 

0.46 

±0.03 

0.243 

±0.02 

0.356 

±0.027 

0.508 

±0.01 

0.221 

±0.02 

0.313 

±0.02 

0.451 

±0.02 

0.240 

±0.02 

0.316 

±0.02 

0.486 

±0.01 

       

       GSI 

 

 

0.19 

±0.01 

0.272 

±0.02 

0.341 

±0.02 

0.161 

±0.01
n.s.

 

0.236 

±0.02
n.s.

 

0.321 

±0.02
n.s.

 

0.165 

±0.02
n.s.

 

0.227 

±0.02
n.s

.
 

0.322 

±0.02
 n.s.

 

0.171 

±0.01
 n.s.

 

0.231 

±0.01
 n.s.

 

0.341 

±0.02
 n.s.

 

Significance between the control and experimental group:  a= P< 0.001, b= P<0.01, c= P< 0.05, n. s= not significant. 
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Table: 12.1 Effect of different dose of DBP on the biochemical parameters of maturating stage of L. rohita (All Data are presented as X

± 

SEM). 

  

 

 Parameters 

 

 Control (C) 

 

 0.2mg/L 

 

0.3mg/L 

   

 0.5mg/L 

 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

Testosterone 

(pg/ml) 

1523.3 

±5.3 

1513.7 

±9.01 

1533.7 

±8.5 

1523.7 

±12.8
n.s.

 

1513 

±5.35
 n,s,

 

1258.7 

±13.0
 c
 

1428 

±9.2
 n.s.

 

1082.7 

±12.5
 c
 

1093.7 

±19.3
 c
 

1174.3 

±13.3
 c
 

988.7 

±13.7
c 
 

961 

±10.0
b
 

 17 β Estradiol 

(pg/ml) 

227.3 

±8.3 

235.9 

±9.8 

251 

±13.12 

359.8 

±14.6
c
 

340 

±23
c
 

360.8 

±14.8
c
 

394 

±16.1
c
 

438.1 

±21.6
c
 

524.3 

±7
c
 

394 

±16.1
c
 

438 

±21
c
 

524 

±9.7
c
 

Vitellogenin 

(pg/ml) 

1018 

±16.0 

959 

±14.5 

999 

±19.6 

1038 

±11.6
n.s.

 

1155.7 

±12.1
n.s.

 

1258.9 

±12.6
n.s.

 

1128.3 

±24.3
 n.s.

 

1445.5 

±15.4
c
 

1450.8 

±12.8
c
 

1383.4 

±15.3
 c
 

1478.4 

±17.1
c
 

1404.8 

±18.9
c
 

Aromatase 

(pg/ml) 

77.8 

±2.5 

79.5 

±3.5 

84.3 

±2.5 

81.6 

±2.1
 n.s.

 

105.3 

±4.5
 n.s.

 

108.5 

±4.5
 n.s.

 

94.4 

±5.6
 n.s.

 

105.5 

±5.4
 n.s.

 

116.4 

±2.5
 n.s.

 

105.5 

±5.2
 n.s.

 

125.9 

±6.3
 n.s.

 

136.2 

±4.2
 b
 

 

Significance between the control and experimental group:  a= P< 0.001, b= P<0.01, c= P< 0.05, n. s= not significant. 
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Table: 12.2 Effect of different dose of Phthalic acid ester (DBP) on the RNA/DNA ratio of L. rohita (All Data are presented as X±SEM). 

 

 

Physiological 

Parameters 

 

 Control (C) 

 

 0.2mg/L 

 

0.3mg/L 

   

 0.5mg/L 

 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

 

DNA/RNA ratio 

 

2.2 

±01 

2 

±0.02 

2.12 

±0.02 

2.1 

±0.09
n.s.

 

2 

±0.02
n.s.

 

2.09 

±0.04
c
 

2.15 

±01
 n.s.

 

1.95 

±0.04
c
 

1.7 

±0.08
c
 

2.1 

±0.06
 

n.s.
 

1.92 

±0.05
 

n.s.
 

1.4 

±0.02
 c
 

 

 Significance between the control and experimental group:  a= P< 0.001, b= P<0.01, c= P< 0.05, n. s= not significant. 
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Table: 12.3 Physio-chemical analysis of water during DBP exposued L. rohita in aquarium. 

 

 

 

 

 

 

Water 

parameters 

 

 Control © 

(X

± SEM)    

 

Range 

10µg/L (T1) 

(X

± SEM)  

 

Range 

20µg/L (T2) 

(X

± SEM)  

 

Range 

25µg/L (T3)    

(X

± SEM)  

 

Range 

 

Temperature 

(ºC) 

 

25.39 ± 0.36 

 

26-28.9 

 

25.24 ± 0.36 

 

26-29.0 

 

27.98 ± 0.33 

 

26-29.0 

 

25.19 ± 0.33 

 

26.1-29.0 

pH  

 

6.5 ± 0.24 6.2-8.4 6.38 ± 0.28 6.3-8.9 6.45 ± 0.19 6.8-8.8 7.52 ± 0.20 6.8-8.9 

Dissolve Oxygen 

(mg/L) 

3.51 ± 0.27 3.2-6.7 4.26 ± 0.33 2.6-5.6 5.09 ± 0.39 2.9-7.1 4.86 ± 0.31 2.9-5.7 

Electrical 

Conductivity 

(µS/cm) 

672.7 ± 4.93 659-710 658.0 ± 3.63 654-726 642.6 ± 9.04 640-710 679.1 ± 9.64 615-710 

Hardness  

(mg/L) 

152.5 ±  4.43 160-205 180.1 ± 4.64 160-210 185.4 ± 6.002 160-210 181.1 ± 6.10 160.210 
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Table: 13. Effect of different dose of Phthalic acid ester (DEHP) on the Morphological parameters of maturating stage of L. rohita (All Data are 

presented as X

± SEM). 

 

 

Physiological 

Parameters 

 

 Control (C) 

 

 0.2mg/L 

 

0.3mg/L 

   

 0.5mg/L 

 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

 

Weight (g) 

 

134.5 

±4.2 

 

138 

±4.3 

140.5 

±4.7 

130 

±5.2 

136.6 

±5.3 

145.9 

±6.9 

132.9 

±2.4 

135 

±5.3 

137.6 

±3.2 

135.9 

±4.5 

138.2 

±5.3 

37.8 

±4.7 

 

Length (cm) 

 

20.51 

±0.4 

21.35 

±0.4 

21.25 

±0.35 

20.6 

±0.2 

20.82 

±0.2 

21.32 

±0.28 

20.75 

±0.27 

2105 

±0.16 

21.35 

±0.27 

20 

±0.2 

20.7 

±0.2 

20.7 

±0.2 

 

Gonad weight 

0.20 

±0.01 

0.50 

±0.03 

0.54 

±0.3 

0.17 

±0.02 

0.43 

±0.02 

0.44 

±0.03 

0.22 

±0.02 

0.31 

±0.02 

0.42 

±0.01 

0.25 

±0.03 

0.31 

0.02± 

0.46 

±0.01 

 

GSI 

 

0.128 

±0.01 

0.31 

±0.02 

0.33 

±0.02 

0.13 

±0.01
n.s.

 

0.22 

±0.01
n.s.

 

0.31 

±0.02
n.s.

 

0.16 

±0.01
n.s.

 

0.23 

±0.01
n.s.

 

0.33 

±0.01
n.s.

 

0.18 

±0.02
 n.s.

 

0.22 

±0.01
n.s.

 

0.28 

±0.01
C.

 

Significance between the control and experimental group:  a= P< 0.001, b= P<0.01, c= P< 0.05, n. s= not significant. 
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Table: 13.1 Effect of different dose of DEHP on the biochemical parameters of maturating stage of L. rohita (All Data are presented as X

± 

SEM). 

 

 

 Parameters 

 

 Control (C) 

 

 0.2mg/L 

 

0.3mg/L 

   

 0.5mg/L 

 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

Testosterone 

(pg/ml) 

1525.7 

± 5.38 

1508 

±1.83 

1528.8 

± 12.7 

1525 

±12.5
n.s.

 

1508 

±14.9
n.s.

 

1408.3 

±14.9
n.s.

 

1523.7 

±13
 n.s.

 

1511.9 

±6.1
 n.s.

 

1445 

±17.5
 n.s.

 

1106 

±19.8
n.s.

 

613.2 

±10.9
 b
 

586.5 

±19.9
 b
 

 17 β Estradiol 

(pg/ml) 

263 

±13.7 

233.3 

±15.3 

282 

±14.9 

307 

±8.16
n.s.

 

363 

±12.2
c
 

324.3 

±10.2
c
 

333.3 

±12.2
n.s.

 

413.8 

±20.2
c
 

529 

±17.7
c
 

370 

±16.4
n.s.

 

406.7 

±13.5
c
 

529.32 

±17.7
c
 

Vitellogenin 

(pg/ml) 

1018 

±16.1 

919.8 

±20.1 

1039.8 

±29.5 

970.7 

±122
n.s.

 

1139 

±18.1
c
 

1229.8 

±17.5
 c
 

1116.7 

±18.7
n.s.

 

1447.4 

±13.9
 c
 

1536.5 

±18.7
 c
 

1436.3 

±18.7
c
 

1628.6 

±13.8
 c
 

1701 

±20
 c
 

Aromatase 

(pg/ml) 

79.74 

±2.5 

79.1 

±3.1 

79.7 

±2.1
 
 

92.35 

±2.12
 

n.s.
 

95.45 

±3.5
 n.s.

 

106.1 

±2.1
 n.s.

 

97.7 

±2.5
 n.s.

 

111.6 

±4.5
c
 

126.3 

±4.2
c
 

113.9 

±3.4
n.s.

 

153.3 

±4.2
c
 

213.3 

±2.3
c
 

Significance between the control and experimental group:  a= P< 0.001, b= P<0.01, c= P< 0.05, n. s= not significant. 

 

 

 

 

 



ResultsResultsResultsResults    

Ph.D. Thesis/2016/Applied Animal Science/Rita VermaPh.D. Thesis/2016/Applied Animal Science/Rita VermaPh.D. Thesis/2016/Applied Animal Science/Rita VermaPh.D. Thesis/2016/Applied Animal Science/Rita Verma                                                                                                                                                                                  72 

 

Table: 13.2 Effect of different dose of Phthalic acid ester (DEHP) on the RNA/DNA ratio of L. rohita (All Data are as X±SEM). 

 

 

Physiological 

Parameters 

 

 Control (C) 

 

 0.2mg/L 

 

0.3mg/L 

   

 0.5mg/L 

 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

 

DNA/RNA ratio 

 

2.66 

±0.09 

2.63 

±0.06 

2.74 

±0.05 

2.6 

±0.06
n.s.

 

2 

±0.07
 

n.s.
 

1.9 

±0.05
 

n.s.
 

2.1 

±0.04
n.s.

 

1.99 

±0.07
 

n.s.
 

2.08 

±0.05
 

n.s.
 

2.1 

±0.04
 

n.s.
 

1.95 

±0.05
 b
 

1.8 

±0.08
 b
 

   Significance between the control and experimental group:  a= P< 0.001, b= P<0.01, c= P< 0.05, n.s. = not significant. 
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         Table: 13.3 Physio-chemical analysis of water during DEHP exposued L. rohita in aquarium. 

Water parameters 

 
 Control (C) 

(X

± SEM)    

 

Range 

10µg/L (Ta) 

(X

± SEM)  

 

Range 

20µg/L (Tb) 

(X

± SEM)  

 

Range 

25µg/L (Tc)   

(X

± SEM)  

 

Range 

 

Temperature (ºC) 

 

25.31 ± 0.28 

 

26-28 

 

26.19 ± 0.26 

 

26.5-29.0 

 

26.58 ± 0.26 

 

26-29.0 

 

25.78 ± 0.43 

 

26.4-29.0

pH  6.24 ± 0.24 6.8-8.17 7.51 ± 0.38 6.3-8.3 7.25 ± 0.19 6.8-8.1 7.32 ± 0.31 6.8-8.0 

Dissolve Oxygen (mg/L) 5.84 ± 0.25 3.2-6.5 5.26 ± 0.32 3.6-5.6 4.19 ± 0.94 4.9-7.1 3.86 ± 0.41 4.2-5.9 

Electrical Conductivity (µS/cm) 612.7 ± 4.31 640-720 618.0 ± 3.67 690-756 615.6 ± 9.07 640-710 679.5 ± 9.22 655-700 

Hardness  

(mg/L) 

175.5 ±  5.43 160-215 192.4 ± 4.77 162-210 199.3 ± 6.10 179-210 161.1 ± 5.10 160.195 
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Table: 14. Effect of different dose of Hexachlorocyclohexanes (γ-HCH) on the Morphological parameters of maturating stage of L. rohita (All 

Data are as X± SEM). 

 

 

Physiological 

Parameters 

 

 Control (C) 

 

 0.2mg/L 

 

0.3mg/L 

   

 0.5mg/L 

 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

 

Weight (g) 

 

140 

±5.5 

142 

±5.19 

151 

±6.04 

151 

±2.2 

154 

±1.4 

148.4 

±4.1 

 

149 

±2.2 

153.7 

±1.04 

153 

±1.34 

139 

±5.5 

142 

±5.5 

143 

±4.6 

 

Length (cm) 

 

22.5 

±0.22 

22.5 

±.22 

23.5 

±0.2 

22.5 

±0.22 

21.9 

±0.4 

22.09 

±0.31 

22.5 

±0.22 

21.9 

±0.4 

22.09 

±0.3 

22.5 

±0.22 

21.65 

±0.39 

22.05 

±0.3 

 

Gonad weight 

0.240 

±0.02 

0.37 

±0.01 

0.51 

±0.01 

0.25 

±0.02 

0.34 

±0.01 

0.40 

±0.01 

0.231 

0.02 

0.34 

±0.01 

0.38 

±0.02 

0.23 

±0.01 

0.37 

±0.01 

0.44 

±0.01 

 

GSI 

 

0.17 

±0.01 

0.26 

0.01 

0.35 

±0.01 

0.14 

±0.01
n.s

 

0.21 

±0.01
 n.s

 

0.27 

±0.01
 n.s

 

0.15 

±0.01
 n.s

 

0.22 

±0.01
 n.s

 

0.24 

±0.01
 n.s

 

0.16 

±0.01
 n.s

 

0.26 

±0.01
 n.s

 

 

0.29 

±0.01
 c
 

   Significance between the control and experimental group:  a= P< 0.001, b= P<0.01, c= P< 0.05, n.s. = not significant. 
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Table:  14.1. Effect of different dose of γ-HCH on the biochemical parameters of maturating stage of L. rohita (All Data are as X± SEM). 

 

 

 Parameters 

 

 Control (C) 

 

 0.2mg/L 

 

0.3mg/L 

   

 0.5mg/L 

 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

Testosterone 

(pg/ml) 

1523.7 

±5.3 

1493.7 

±16.2 

1503.7 

±14.13 

1513.7 

±5.3
 n.s.

 

1510.4 

±6.9
 n.s.

 

1602 

±15.6
 n.s.

 

1578.7 

±24.6
 n.s.

 

1693.7 

±12
 n.s.

 

1781 

±11.4
 c
 

1683 

±14.1
 n.s.

 

1844 

±27.8
 c
 

1933.7 

±26.7
 c
 

 17 β 

Estradiol 

(pg/ml) 

263 

±10.5 

303.8 

±13.3 

259.8 

±13.5 

211.4 

±6.6
 n.s.

 

218 

±14.2
 n.s.

 

246 

±15.4
 n.s.

 

109 

±6.6
 n.s.

 

115 

±12.2
 n.s.

 

79.7 

±3.9
 c
 

108 

±6.15
 n.s.

 

88.5 

±3.2
 c
 

84 

±3.5
 c
 

Vitellogenin 

(pg/ml) 

1341.8 

±14 

1312.5 

±19.8 

1320 

±16.9 

1286 

±14.2
 n.s.

 

1235 

±19.8
 n.s.

 

1345 

±14.6
 n.s.

 

1123.6 

±9.1
 c
 

1109.2 

±8.1
 c
 

1110.9 

±15.2
 c
 

1115.7 

±18.9
 c
 

1123.1 

±16.3
 c
 

1136.5 

±13.4
 c
 

Aromatase 

(pg/ml) 

79.5 

±4.5 

89.5 

±2.3 

87.6 

±4.5 

83.5 

±3.5
 n.s.

 

79.5 

±3.5
 n.s.

 

87.5 

±2
 n.s.

 

74.5 

±2.4
 n.s.

 

70.2 

±3.5
 n.s.

 

79.5 

±2.6
 n.s.

 

70 

±2.5
 n.s.

 

71.5 

±4
 n.s.

 

70.5 

±2
 n.s.

 

Significance between the control and experimental group:  a= P< 0.001, b= P<0.01, c= P< 0.05, n.s. = not significant. 
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 Table: 14.2 Effect of different dose of γ-HCH on the RNA/DNA ratio of L. rohita (All Data are as X±SEM). 

 

 

Physiological 

Parameters 

 

 Control (C) 

 

 0.2mg/L 

 

0.3mg/L 

   

 0.5mg/L 

 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

30 days 

(X

± 

SEM) 

60 days 

(X

± 

SEM) 

90 days 

(X

± 

SEM) 

 

DNA/RNA 

ratio 

 

2.66 

±0.9 

2.63 

±0.6 

2.74 

±0.5 

1.9 

±0.13
 

n.s.
 

1.6 

±0.22
 

n.s.
 

1.91 

±0.13
 

n.s.
 

1.3 

0.14
 n.s.

 

1.83 

±0.1
 n.s.

 

1.47 

±0.18
 n.s.

 

1.04 

±0.07
 c
 

1.45 

±0.07
 c
 

0.89 

±0.05
 c
 

Significance between the control and experimental group:  a= P< 0.001, b= P<0.01, c= P< 0.05, n.s. = not significant. 
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       Table: 14.3 Physio-chemical analysis of water during γ-HCH exposued L. rohita in aquarium. 

Water parameters 

 
 Control (C) 

(X

± SEM)    

 

Range 

10µg/L (Ta) 

(X

± SEM)  

 

Range 

20µg/L (Tb) 

(X

± SEM)  

 

Range 

25µg/L (Tc)    

(X

± SEM)  

 

Range 

 

Temperature (ºC) 

 

27.31 ± 0.28 

 

26-28 

 

27.19 ± 0.26 

 

26.5-29.0 

 

28.58 ± 0.26 

 

26-29.0 

 

25.78 ± 0.43 

 

26.4-29.0 

pH  7.24 ± 0.24 6.8-8.17 6.51 ± 0.38 6.3-8.3 6.25 ± 0.19 6.8-8.1 7.32 ± 0.31 6.8-8.0 

Dissolve Oxygen (mg/L) 5.84 ± 0.25 3.2-6.5 4.26 ± 0.32 3.6-5.6 4.19 ± 0.94 4.9-7.1 3.86 ± 0.41 4.2-5.9 

Electrical Conductivity (µS/cm) 602.7 ± 4.31 640-720 688.0 ± 3.67 690-756 645.6 ± 9.07 640-710 659.5 ± 9.22 655-700 

Hardness  

(mg/L) 

205.5 ±  5.43 160-215 182.4 ± 4.77 162-210 169.3 ± 6.10 179-210 171.1 ± 5.10 160.195 
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  Figure 2: Effect of different dose of DMP on the Gonadosomatic Index of L. rohita 

 

Different dose of DMP 

Figure 3: Effect of different dose of DMP on serum testosterone level of L. rohita 
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Different dose of DMP 

Figure 4: Effect of different dose of DMP on serum estradiol level of L. rohita 

 

 

Different dose of DMP 

Figure 5: Effect of different dose of DMP on serum vitellogenin level of L. rohita 
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Effect of different dose of DMP on serum aromatase level of L. rohita 

 

Different dose of DMP 

    Figure 6: Effect of different dose of DMP on serum aromatase level of L. rohita 
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Figure 7: Effect of different dose of DMP on the RNA/DNA ratio of L. rohita. 
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Figure 8: Effect of different dose of DBP on the Gonadosomatic Index of L. rohita 

       

 

Different dose of DBP 

Figure 9: Effect of different dose of DBP on serum testosterone level of L. rohita 
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Different dose of DBP 

Figure 10: Effect of different dose of DBP on serum estradiol level of L. rohita 

 

 

Different dose of DBP 

Figure 11: Effect of different dose of DBP on serum vitellogenin level of L. rohita 
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Effect of different dose of DBP on serum aromatase level of L.rohita 

 

 

Different dose of DBP 

Figure 12: Effect of different dose of DBP on serum aromatase level of L. rohita 
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Figure 13: Effect of different dose of DBP on the RNA/DNA ratio of L. rohita. 
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Figure 14: Effect of different dose of DEHP on the Gonadosomatic Index of L. rohita 

 

  

Different dose of DEHP 

Figure 15: Effect of different dose of DEHP on serum testosterone level of L. rohita. 
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Different dose of DEHP 

Figure 16: Effect of different dose of DEHP on serum estradiol level of L. rohita 

 

 

Different dose of DEHP 

Figure 17: Effect of different dose of DEHP on serum vitellogenin level of L. rohita 
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Different dose of DEHP 

Figure 18: Effect of different dose of DEHP on serum aromatase level of L. rohita 
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Figure 19: Effect of different dose of DEHP on the RNA/DNA ratio of L. rohita. 
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Different dose of HCH 

Figure 20: Effect of different dose of HCH on the Gonadosomatic Index of L. rohita 

 

 

Different dose of HCH 

Figure 21: Effect of different dose of HCH on serum testosterone level of L. rohita 
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Different dose of HCH 

Figure 22: Effect of different dose of HCH on serum estradiol level of L. rohita 

 

Different dose of HCH 

Figure 23: Effect of different dose of HCH on serum vitellogenin level of L. rohita 
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Different dose of HCH 

Figure 24: Effect of different dose of HCH on serum aromatase level of L. rohita 
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Figure 25: Effect of different dose of HCH on the RNA/DNA ratio of L. rohita. 
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Result- Histological Study 

Photomicrograph of developmental stage of ovary during experimental work 

throughout whole year in control group of L. rohita (H&E stain)  

 

Figure 26. Ovary of L. rohita showed perinucleolar stage of oocyte (P) with several 

small nucleoli (N) attached to nuclear membrane and yolk particles (YP). Bar scale = 

20 µm. 

 

Figure 27. Ovary of L. rohita showed perinucleolar stage of oocyte with several 

oocytes yolk granules (YG) and follicular connective tissue (FTC). Bar scale = 20 

µm. 
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Figure 28. Structure showed ovary with perinucleolar stage of oocyte (POC), 

vitellogenic oocytes (VOC) filled with yolk granules (YG), follicular monolayer 

simple with squamous lining. Bar scale = 40 µm. 

 

Figure 29. Ovary of L. rohita showed ripe stage of oocyte and follicular trilayer 

consists of thick acidophilic zona radiata (ZR), cuboidal follicular cell layer and 

stratified squamous thecal cell layer. Oil droplets (OD) were also appeared. Bar scale 

= 40 µm. 

VOC 
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Figure 30. Ovary of L. rohita showed vitellogenic oocyte (V) with ripe mature oocyte 

(MO). The oocytes increased in size, cortical alveoli (Ca) were  progressively 

displaced towards periphery. Bar scale = 40 µm. 

Photomicrograph of developmental stage of testis during experimental work 

throughout all stages of control group of Labeo rohita (H&E stain) 

 

Figure 31. Structure of testes of L. rohita showed tunica albugena (TA), primary 

spermatogonial cell (SG), leyding cell (LC), sertoli cell (SE), astric indicate some 

lobules were devoid of germ cells. Bar scale = 20µm. 

20µm 



ResultsResultsResultsResults    

Ph.D. Thesis/2016/Applied Animal Science/Rita VermaPh.D. Thesis/2016/Applied Animal Science/Rita VermaPh.D. Thesis/2016/Applied Animal Science/Rita VermaPh.D. Thesis/2016/Applied Animal Science/Rita Verma                                                                97 

 

Figure 32.Structure of testes of L. rohita showed Spermatogonia cell (Primary and 

secondary) Fibrous connective tissue (FCT), Leyding cell (LC) Bar scale = 20µm. 

 

 

Figure 33. Structure of testes of L. rohita showed spermatogonia (SG), covered with 

fibrous connective tissue (FCT), Sertoli cells (ST) spermatids (ST), and lumen of 

lobule appeared. Bar scale = 40µm. 

 

 

10µm

40µm 
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Figure 34. Testes of L. rohita showed matured stage with spermatocytes (SC), 

spermatogonia (SG),  Sertoli cell (SE) fibrous connective tissue (FCT),  Bar scale = 

20µm. 

 

Figure 35. Testes of  L. rohita at matured stage showed cysts form of spermatocytes 

(SC), spermatogonia (SG), fibrous connective tissue (FCT), and (SZ) Spermatozoa  

Bar scale = 20µm. 

 

20µm 

20µm 
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Photomicrographs of Phthalic acid ester (DMP. DBP, DEHP) treated ovary of L. 

rohita (H&E stain). 

 

Figure 36. DMP treated ovary of L. rohita shows perinucleolar stage of oocyte 

(POC), Vitellogenic oocytes (VOC) filled with yolk granules (YG) Follicular 

monolayer having simple squamous lining. Bar scale = 40 µm 

 

Figure 37. Structure of DBP treated ovary showed post ovulatory follicles (POF) and 

maturing oocytes (MOC), ova of oocytes were going to decrease and disappearance of 

the thecal layer of the ripe oocyte is noticed. Bar scale = 20 µm. 
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Photomicrograph of testes of L.rohita treated with phthalic acid ester (DMP, 

DBP, DEHP) (H&E stain). 

 

Figure 38. DBP treated testes of L. rohita showed bunch of spermatocytes (ST), 

spermatids (ST) and leyding cells (LD) and degenerated fibrous connective tissue 

(FCT) and lobules, arrow shows low proportion of spermatozoa.  Bar scale = 40µm. 

 

Figure 39. DEHP treated testes of L. rohita showed bunch of spermatocytes (ST), and 

spermatozoa. Lower proportion of spermatozoa. Bar scale = 20µm. 
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Photomicrograph of Intersex gonad of 

(H&E stain). 

Figure 40.  Structure showed mature spermatids 

and developing oocyte (OC) and there are several degenerated oocytes (DOC) H&E X

µm. 

Figure 41. Histological section of ovary of 

developing primary oocyte (OC), 

(ST). Bar scale = 40 µm.

Ph.D. Thesis/2016/Applied Animal Science/Rita VermaPh.D. Thesis/2016/Applied Animal Science/Rita VermaPh.D. Thesis/2016/Applied Animal Science/Rita VermaPh.D. Thesis/2016/Applied Animal Science/Rita Verma                                                                

Photomicrograph of Intersex gonad of L rohita treated with phthalic aci

Structure showed mature spermatids with developing ST (Spermatocytes) 

and developing oocyte (OC) and there are several degenerated oocytes (DOC) H&E X

Histological section of ovary of L. rohita 0.5mg L
-1 

DEHP treated show

developing primary oocyte (OC), degenerated oocytes (DOC) and developing spermatids 

µm.  
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treated with phthalic acid ester 

 

developing ST (Spermatocytes) 

and developing oocyte (OC) and there are several degenerated oocytes (DOC) H&E X- bar 40 

 

EHP treated showing 

and developing spermatids 
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Photomicrograph of 

ovarian interstitial tissues of control group of fish

experiment (H&E stain).

Figure 42. Structure showed

cortical alveolar oocyte (CA), chromatin nucleolar oocyte I surrounded by Zona 

radiate (ZR) and Blood capillary (B) Bar scale = 20 

Figure 43. Gonads of HCH treated 

showed degenerated  follicular connective tissue (FTC), ovules goes to atresia Bar 

scale = 20µm. 
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Photomicrograph of L. rohita ovaries showing developmental structure and 

ovarian interstitial tissues of control group of fish L rohita

experiment (H&E stain). 

Structure showed ovary of L. rohita with vitellogenic oocyte (VO), 

cortical alveolar oocyte (CA), chromatin nucleolar oocyte I surrounded by Zona 

radiate (ZR) and Blood capillary (B) Bar scale = 20 µm. 

Gonads of HCH treated L. rohita showed developing oocyte

showed degenerated  follicular connective tissue (FTC), ovules goes to atresia Bar 
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ovaries showing developmental structure and 

L rohita from HCH 

 

vitellogenic oocyte (VO), 

cortical alveolar oocyte (CA), chromatin nucleolar oocyte I surrounded by Zona 

 

showed developing oocytes, arrow 

showed degenerated  follicular connective tissue (FTC), ovules goes to atresia Bar 
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Figure 44. Gonads of HCH treated 

spermatids (ST) stage surrounded the mature oocytes (MOC). Bar scale = 20µm.

Figure 45. High dose 

spermatids (ST) surrounded the cortical alveolar oocytes (CA
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Gonads of HCH treated L. rohita showed intersex condition 

spermatids (ST) stage surrounded the mature oocytes (MOC). Bar scale = 20µm.

High dose 0.5mg/L HCH treated structure showed

spermatids (ST) surrounded the cortical alveolar oocytes (CA) Bar scale =40µm.
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d intersex condition number of 

spermatids (ST) stage surrounded the mature oocytes (MOC). Bar scale = 20µm. 

 

tructure showed intersex gonad 

Bar scale =40µm. 
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Effect of Phthalic Acid ester (DMP) on L. rohita 

Effect of DMP on Gonado somatic index (GSI): 

The exposure concentrations used in this experimental group were not expected to 

cause significant effects on GSI and growth. In our result we found that different dose 

of DMP (0.2mg/L, 0.3mg/L, 0.5mg/L) did not significantly affect (P>0.05) the weight 

of L. rohita. The results of this experimental group showed that there was no 

significant difference (P>0.05) in GSI. This finding aligns with other studies where 

exposure of phthalic acid ester has been reported (Corradetti et al. 2013). Similar 

effects were not observed in male carp collected from waste water, municipal and 

industrial effluents that have a lower GSI and a higher incidence of gonadal 

abnormalities (Stansley and Washuta, 2007).  Kim et al. (2002) reported that zebra 

fish Danio ranio exposed to phthalic acid ester (0.2 and 20 mg/L) for three weeks had 

significantly higher gonado somatic index in males as compared with the unexposed 

fish. Similarly, the reduced GSI in male walleyes from the sewage treatment plant has 

also been reported (Folmar et al., 2001; Barse et al., 2007; Zanotelli et al. (2010) 

further reported that Phthalic acid ester exposed for 90 days had decreasesd body 

length and weight. 

Effect of DMP on biochemical Parameters: 

Certain phthalates emerge to be weakly estrogenic as reported by Jobling et al. (1995) 

who investigated the estrogenicity of a variety of phthalate esters including di (2-

ethyhexyl) phthalate (DEHP), butyl benzyl phthalate (BBP), and di-n nbutylphthalate 

(DBP) in an assay to assess the ability of the compounds to inhibit binding of E2 to 

the ER in rainbow trout liver. DEHP has been reported to show the lowest affinity for 

trout ER while DBP has been reported to show higher affinity. Phthalates are the most 
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ubiquitous man made contaminants in the environment, and that thousands of tons of 

plastics containing phthalates are disposed annually in landfill sites, enabling these 

compounds to migrate into surface and ground waters. In our findings we found out 

that different doses of DMP (0.2mg/L, 0.3mg/L, 0.5mg/L) did not significantly affect  

(P >0.05) the biochemical parameter in L. rohita. We found that there were no 

significant difference in serum testosterone level, estradiol level, vitellogenin and 

aromatase level in DMP exposed L. rohita. The effect of flutamide on juvenile 

rainbow trout in a concentration of 25 mg/L has not been reported to show significant 

affect on E2 level in serum and the authors concluded that anti-androgens do not add 

effect on estrogens due to different modes of action but these chemicals cause 

additive inhibiting/stimulating effect on the gonad development (Bhatia, 2014). 

However, a contradictory reoprt was published by Oishi and Hiraga (1980) showing 

significant decrease in serum testosterone levels after DMP administered diet at 2% 

(approximately 2000 mg/kg) for 7 days. Tyler et al. (1999) exposed fathead minnows 

to estradiol-17b in the water (nominal concentrations of 25 ng/L, 50 ng/L, and 100 

ng/L) from 24 h post fertilization to 30 d post hatch showing induced Vitellogenin 

(VTG) synthesis in a dose-dependent manner and also shorter periods of exposure to 

100 ng/L estradiol-17b (24 h post fertilization to 10 or 20 d post hatch) similarly 

showed induced vitellogenic response. Similar result obtained King et al. (2008) and 

Korte et al. (2000) 

Effect of DMP on RNA/DNA Ratio and gonadal development: 

In our findings, we found out that different dose of DMP (0.2mg/L, 0.3mg/L, 

0.5mg/L,  ) did not significantly reduce (P >0.05) the RNA/DNA ratio in the gonads 

of L. rohita. We found that there is no malformation in histology of DMP exposed L. 

rohita gonads. Similar results were reported by Grey et al. (2000) where no 
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malformation in gonadal development and sexual differentiation was shown in DMP 

exposed rat.  

Effect of Phthalic Acid ester (DBP) on L. rohita 

Effect of DBP on Gonado somatic index (GSI): 

Based on several reports in the literature, investigation of potential effects of DBP 

exposure on GSI, and gonad histology seemed warranted. In our findings, we found 

that different doses of DBP (0.2mg/L, 0.3mg/L, 0.5mg/L) not significantly affect 

(P>0.05) the weight of L. Rohita and  no significant difference (P<0.05) was observed 

in GSI (Mandiki et al., 2005). A related finding has been reported by Villeneuve et al. 

(2002), when they exposed 4-Nonylphenol (NP) to common carp. A number of 

studies on fish have been reported that phthalate may or may not induce effect on GSI 

and growth of fish after EDCs exposure. But in EDCs exposed Fathead minnows 

tended to have noticeably lower GSI than control, reduced  ovarian growth and altered 

oocyte development and decreased fecundity in females (Baatrup et al., 2001; Brion 

et al., 2004; Makyen et al., 2000; Mandiki et al., 2005; Rey, 2006). Similar results 

have been observed by Rebecca et al. (2007) when they exposed Fundulus 

heteroclitus to endocrine disrupting chemicals (EDS) at nominal concentrations of 0–

100 ng/L for 21 days resulting in higher GSI compared to control fish.  

Effect of DBP on biochemical Parameters: 

From the present finding it was observed  that different doses of DBP (0.2mg/L, 

0.3mg/L, 0.5mg/L) had  significantly (P>0.05) affected the reproductive hormone 

level. DBP treated fish was analyzed and find out significant (P<0.5) reduction in 

testosterone level and increased estradiol level in serum. Serum aromatase and 

vitellogenin slightly increased. Similar findings was obtained by Jobling et al. (2009), 
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in this study adult male three-spined sticklebacks (Gasterosteus aculetaus) were 

exposed to DBP concentration 0, 15, and 35 µg DBP/L for 22 d and analyzed for 

changes in nesting behavior, androgen concentrations, spiggin concentrations, and 

steroidogenic gene expression. Plasma testosterone concentrations were significantly 

privileged in males compared to control. Similarly sexually mature mummichog were 

alienated by sex and exposed to the estrogen 17-ethynylestradiol (EE2) at nominal 

concentrations of 0–100 ng/L for 21 days, half of the fish were sampled on Day 21. At 

100 ng/L, male fish had induction of VTG increased GSI, decreased testosterone 

production and decreased circulating 11-ketotestosterone (11-KT). Similarly 

Zebrafish exposed to flutamide concentration 250mg/kg body weight for 2 week 

decrease in testosterone level of Asian catfish Clarias batrachus (Bottero et al., 

2005). Similarly Shilling and William (2000) reported decrease in E2, VTG and P450 

content. Female fish had decreased circulating estradiol (E2) and testosterone (T) at 

100 ng/L (Rebecca et al., 2007). These studies concluded anti androgenic nature of 

phthalic acid ester. Christiansen et al. (1998) injected immature rainbow trout with 

500 mg/kg of either BBP or DBP a pre exposure blood sample was taken on Day 0 

followed by a blood sample and sacrifice on Day 9. BBP increased vitellogenin, while 

the DBP did not increase the vitellogenin concentration above the detection limit. It is 

interesting to note here that Christiansen et al. (1998) did not detect an increase in 

vitellogenin production in hepatocytes exposed to DBP, however this same compound 

showed a fairly strong affinity for rainbow trout liver ER (Jobling et al., 1995), 

possibly signifying an antagonistic potential for DBP. Earlier study reported that the 

impact of 17-β estradiol to stimulate vitellogenin (VTG) on Xenopus laevis 

(Barnhoorn et al., 2004). Likewise in mammalian study Exposure of DBP/Kg/Body 

Weight/day on rat showed a significant reduction in weight and circulating 
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testosterone level (Mitchell et al., 2012) Similarly foetal rat testes exposed 10µM 

Methyl hexyl phthalate (MEHP) resulted in reduction of testosterone, androstenedione 

and 5αdihydrotestosterone level (Chauvigne et al., 2011) 

Increased vitellogenin (Vtg) levels have been measured in male carp 

downstream from sewage treatment plants (Stansley and Washuta, 2007). This was 

followed by many reports that vitellogenin hormone level is a specific marker for 

assessing the effect of endocrine disrupting chemicals (Cheek et al., 2004; Folmar et 

al., 2000; Jobling et al., 1999). Moreover reproductive hormone level has been 

prominent technique to observe the effect of phthalic acid ester on fish reproductively. 

Divergent result obtained by Labadie and Budzinski (2006), decrease of androgens 

observed in juvenile turbot and adult common carp (Mandich et al., 2007). In fathead 

minnows, prochloraz reduces plasma androgen concentrations, suggesting inhibition 

of cytochrome P450-dependent ezymes (Ankley et al., 2005). But similar result 

obtained Tributyltin (Cooke, 2002) and androgens such as methyltestosterone 

(Hornung et al., 2004) are known to hamper aromatase activity in fathead minnow. 

Similarly several previous studies supported our result that induction of VTG protein 

after phthalate exposure (Barse et al., 2007; Bhatia et al., 2014). 

Effect of DBP on RNA/DNA Ratio of L. rohita: 

The group of fish treated with DBP showed significant decrease of RNA/DNA ratio 

in high dose of the experimental period, but in median and low dose there was no 

significant (P>0.05) changes in RNA/DNA ratio in DBP exposed L. rohita. A related 

findings has been described by An et al. (2013) they investigated organotin effect and 

the biological responses of wild veined rapa whelk (Rapana venosa) from river and 

they found that RNA/DNA ratio was significantly lower in females (p<0.05), and a 
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slight increase in DNA damage was also observed in females and imposex individuals 

as compared to males. 

Effect of DBP on gonadal development and structure of L. rohita: 

Histological analysis of the gonads performed, confirmed that the gonads transformed 

to intersex. Intersex population was the intermediate form of ovary and testes. 

Therefore by the observation from the present study the resemblance seen in number 

of studies reported the induction of testicular oocytes appearance and a significant 

increase in the frequency of intersex individuals after EDCs exposure (Hayes et al., 

2002; Kloas et al., 2009; Mackenzie et al., 2003; Mosconi et al., 2002; Qin et al., 

2003). Recently the effect of exposure to  2g/Kg DnBP on sexual differentiation in 

European pikeperch (Sander lucioperca) testicular development was deferred with 

increase frequency of intersex condition (Jarmolowicz et al., 2013).  Exposure to 

exogenous hormones during larval period can induce complete sex reversal or 

abnormal gonadal intersex, suggesting that gonadal differentiation in fishes is at risk 

for disruption by EDCs (Hogan et al., 2008; Khul et al., 2005: Mackenzie et al., 2003; 

Petterson and Berg, 2007). This study showed significant decrease in spermatozoa in 

male testes (Figure 14a) exposed to high dose of DBP a relate result observed 

Lahnsteiner et al. (2005) that adverse effects of BPA on sperm quality in brown trout 

(Salmo trutta f. fario) shows delay in spermiation and decrease in sperm density, 

motility and velocity in males exposed to BPA at low dose. The present study of 

histological structure showed that many spermatids surrounded by the ovarian cavity 

in all group of intersex population (Figure 15a). Developing ovary showed 

perinucleolar oocytes (POC) Spermatocytes (ST) imposex condition in DBP exposed 

fish group. Similar findings was mentioned by Stansley and Washuta (2007) that male 

carp downstream from sewage treatment plants displayed intersex gonads in which 
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oocytes are present in the testicular tissue. Captivatingly, by histopathological 

analysis it is apparent that due to endocrine disrupting compound ovatestis developed 

in medaka (Gronen et al., 1999), carp (Jobling et al., 2009). Also, fish exposed to 

estrogen increased number of atretic follicles in the ovaries and decreased number of 

vitellogenic follicles (Ven der Ven et al., 2003). Following this several other 

researchers observed intersex (such as testicular oocytes) common in fish on exposure 

of EDCs (VanAerle et al., 2001; Blazer et al., 2007; Kavanagh et al., 2004; Krisfalusi 

and Nagler, 2000; Nolan et al., 2001). The gonads affected by EDCs exposure 

confirmed a higher incidence of oocyte atresia was found in the fish gonadal tissue 

(Jobling et al., 2002; Rasmussen et al., 2005). The histological examination showed 

that the majority of the fish sampled from the contaminated sites had degenerated 

testes in which the lobular arrangements were disrupted and spermatogenesis was 

impaired. Similar study was done by Jarmolowiczl et al. (2013) and the impact of di-

n-butyl phthalate on the development of the reproductive system of European 

pikeperch (Sander lucioperca) at some stage in the sex differentiation period (age 61–

96 days post hatch) was observed. A total of 240 fish were divided into 6 groups (40 

fish per tank), treatments consisted of a control group (0 g di-n-butyl phthalate·kg-1 

feed) and five groups with concentration 0.125, 0.25, 0.5, 1, and 2 g di-nbutyl 

phthalate·kg-1 feed, respectively. Histological changes of the sex ratio, fish gonads, 

survival and growth of fish were evaluated. Di-n-butyl phthalate seriously disturbed 

sex differentiation process of pikeperch. Concluding these findings, histopathological 

analyses revealed that the administration of 2 g di-n-butyl phthalate·kg-1 significantly 

affected the sex ratio. The feminization process (intersex gonads) at concentrations of 

1 g and 2 g di-n-butyl phthalate·kg-1 were observed. The effect of Di-n-butyl 

phthalate, an endocrine disrupting compound on the African clawed frog Xenopus 
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laevis, was studied by Lee and Veerramachaneni (2005) the study revealed that in all 

DBP treated groups, seminiferous tubule diameter and the average number of germ 

cell nests per tubule were lesser and the number of no germ in tubules was 

significantly high. The number of secondary spermatogonial cell nests was 

significantly reduced. Several lesions occurred in testes including denudation of germ 

cells, vacuolization of Sertoli cell cytoplasm, thickening of lamina propria of 

seminiferous tubules and focal lymphocytic infiltration. EDCs exposure was known to 

reduce fertility and lead to population collapse (Jobling et al., 2002b; Kidd et al., 

2007; Nash et al., 2004). Phthalic acid ester inhibits the progression of 

spermatogenisis by arrest of meiosis oestrogenic chemicals similarly disrupt 

spermatogenisis in fish and reduced the production of spermatozoa (Sohoni et al., 

2001). Similar findings observed in Exposure to 9–70µg/L prochloraz for 2 weeks 

induced an inhibition of the process of spermatogenesis in rainbow trout 

(Onchorynchus mykiss). In another study Le Gac et al. (2001) reported a significant 

reduction in testicular growth in male rain-bow trout following a 3-week exposure to 

30µg/L Octonyl phenol (OP). 

Effect of Phthalic acid ester (DEHP) on L. rohita 

Effect of DEHP on Gonado somatic index (GSI) of L. rohita: 

In our findings, we found that different doses of DEHP (0.2mg/L, 0.3mg/L, 0.5mg/L) 

do not significantly affect  (P>0.05) the weight of L. rohita. The results of this study 

shows that there is no significant difference (P<0.05) in GSI at low dose but in high 

dose there was significant decrease in GSI of DBP exposed L. rohita. Similar findings 

were observed on Medaka (Oryzias latipes) adults exposed to DEHP 10, 50, and 

100µg/L for 5 days where no significant effects could be observed on GSI (Kim et al., 

2002). Eggs exposed to 0.01, 0.1, 1.0, 10.0 µg/L DEHP brought about significantly 
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reduced female body weight and gonadosomatic index (Chikae et al., 2004a). Similar 

results are reported by Zanotelli et al. (2010) delineating insignificant difference 

(P>0.05) in GSI compared to control when Japanese medaka, (Oryzias latipes) 

embryo/larva/newly fertilised eggs were exposed to 0, 0.01, 0.1, 1.0 and 10.0 µg/L bis 

(2-ethylhexyl) phthalate (DEHP) until hatching time. No dose dependent effects were 

seen except for decreased body weights in male fish where successful hatching, sex 

ratio, normal GSI, no mortality and body weight was observed. In another study no 

alternations in GSI of fish exposed to BPA (0.6–11 or 0.2–20 µg/L), VZ (100–800 

µg/L) and DEHP (1–100 µg/L) was found (Hatef et al., 2012a, b, c, d). Elzeinova et 

al. (2008) also observed decrease GSI in mice due to the exposure of EDCs. In 

contrast, the study conducted by Hatef et al. (2012b, c) confirmed higher potency of 

E2 to altered GSI. Similar results are reported by other authors when exposed fish in 

the adult stage, had higher mortality rates and male body weights were lower for those 

individuals hatched from eggs exposed to DEHP, but no effects were seen in female 

body weights or the gonadosomatic index (GSI) of either sex (Chikae et al., 2004a).  

Further study showed  reduction in female body weights at 0.1, 1.0, and 10.0 µg/L and 

the GSI was reduced in males at 0.01 – 10 µg/L (Chikae et al., 2004b). In another 

study in female medaka under chronic exposure conditions of 10 – 50 µg/L for 3 

months there was high variability in GSI (Kim et al., 2002).  Diverse results have 

been documented by many authors after exposure of estrogenic and anti-androgenic 

contaminants in the laboratory conditions and also at contaminated sites (Ankley et 

al., 2001; Bjorkblom et al., 2009; Panter et al., 2002b; Sepulveda et al., 2002). 

Related findings was reported by Rey (2006) showed that the EDCs exposed fish 

Fatherad minnows tended to have noticeably lower GSI than control. In another study 

authors observed reduction in GSI of fish (VanAerle et al., 2001; Makynen et al., 
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2000). Comparative study was done by Vito et al. (2010) dose-dependent DEHP 

inhibited growth. The EDCs exposed fish fathead minnows tended to have noticeably 

lower GSI than control, and there was reduced  ovarian growth, altered oocyte 

development and decreased fecundity in females (Brion et al., 2004; Mandiki et al., 

2005; Rey, 2006). GSI of male walleye from the STP effluent channel in two field 

seasons were not significantly different (P>0.05) when compared to the pooled 

sample of fish from the effluent channel to fish from the reference site (Mandiki et al., 

2005).  Analogous results was reported by Villeneuve et al. (2002) exposed 4-

Nonylphenol (NP) to common carp and there was no significant difference (P>0.05) 

in GSI compared to control. 

Effect of DEHP on biochemical Parameters: 

In the present study, we find out that different doses of DEHP (0.2mg/L, 0.3mg/L, 

0.5mg/L) significantly (P>0.05) affected the reproductive hormone level. DEHP 

treated fish was analyzed and found significant (P<0.5) reduction in testosterone level 

and increased estradiol level (P<0.05) in serum and also significantly increased serum 

aromatase and vitellogenin level. Similarly Mimeault et al. (2006) also reported 

significant decreases in the levels of plasma testosterone in goldfish after 14 days 

exposure to 1.5mg/L gemfibrozil. Related findings observed by Hatef et al. (2011) 

reported disruption of male reproductive physiology in goldfish exposed to 

environmentally relevant concentrations of BPA via alternations of androgens T and 

11-KT. Our results in agreement with a considerable amount of evidence from the 

literature showing that phthalic acid ester particularly DEHP induced the reproductive 

hormone level.  Alike Velasco-Santamaria et al. (2011) studied exposure of 

Bezafibrate to male zebrafish at a concentration of 70mg/g for 21 days and showed 

significant decreased in plasma 11- Keto-Testosterone level. Chang et al. (2011) 
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measured plasma  T  and  E2  levels  were  significantly  decreased  in  females at  

100µg/L  butachlor and a  significantly  elevated  level  of  VTG  in  males was seen 

in 30 days of exposure. but dissimilar result revaled by Kuiper  et  al. (2008) they 

reported for  polybrominated  diphenyl  ethers  (PBDEs)  which  produced  a  

significant  dose-dependent  increase  in  circulating  T3  and  T4  levels  in zebrafish. 

Recent result was obtained by Xu et al., 2013 that DEHP groups concentration were 

0.1, 1.0, 10.0, 100.0 micromol/L investigate the effects of DEHP in testosterone 

synthesis and the related genes expression in the fetal testis of male mouse by organ 

culture in vitro compared to the control group, the levels of testosterone synthesis in 

0.1, 1.0, 10.0 micromole/L groups were increased, but decreased in 100.0 micromole/ 

L group which were exposed in DEHP for 48 hours and 72 hours. However, effects of 

30-day dietary (pre-pubertal) exposure to different doses (0 (control), 1, 10, 50, 200 

and 400 mg/kg bodyweight/day) of di (n-butyl) phthalate (DBP) on plasma 

testosterone level the non-significant changes observed for plasma testosterone levels 

and histology (Bello et al., 2014). Similar findings in the African catfish (Clarias 

gariepinus) treatments with androgens inhibited C17–20 lyase activity in the testis 

(Cavaco et al., 2001; Schulz and Miura, 2002), and MT depressed the in vitro 

production of T in the testis of the mummichog (Sharpe et al., 2004).  

Vitellogenin level mainly in immature females and males is considered a useful 

biomarker of exposure to estrogenic compounds in aquatic environments (Blaise et 

al., 2003; Gagne et al., 2002; Marin and Matozzo, 2004; Vandenbergh and Janssen, 

2001). Exposure of E2 mimics increase in the number of estrogen receptor as well as 

the induced the synthesis of Vitellogenin hormone (Andersen et al., 2003; Bowman et 

al., 2002) leading to an increase in oestrogen production that consequently induces 

VTG accumulation in the liver and bloodstream (Folmar et al., 2001; Hayes et al., 
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2006; Jobling and Tyler, 2006; Korte et al., 2000; Nadzialek et al., 2011; Wingfield 

and Mukai, 2009). For instance, the phospholipoglycoprotein vitellogenin, which is an 

egg yolk precursor in oviparous organism (including most fishes), is usually only 

present in minute or undetectable quantities in males but exposure to EEDCs leads to 

the induction of hepatic VTG gene and protein expression in male fish (Sumpter and 

Jobling, 1995; Van der Ven et al., 2007). An induction of VTG production was noted 

in adult male sticklebacks in response to EE2 exposure at nominal concentration of 20 

ng/l in adult zebrafish at nominal concentrations of 1.6 ng/l (Fenske et al., 2001), and 

fathead minnow at nominal concentrations of 5 ng/l EE2 (Panter et al., 2002). Ye et 

al. (2014) studied on Marine medaka larvae (Oryzias melastigma) were exposed to 

either DEHP (0.1 and 0.5 mg/L) or MEHP (0.1 and 0.5 mg/L) nominal values for 6 

months DMSO was used as carrier solvent (0.1%) the effects on reproduction, sex 

steroid hormones, liver vitellogenin (VTG), gonad histology and the expression of 

genes involved in the hypothalamic-pituitary-gonad (HPG) axis were investigated. A 

significant increase in plasma 17β-estradiol (E2) along with a significant decrease in 

testosterone (T)/E2 ratios was observed in males, Increased concentrations of T and 

E2 were observed in females, The liver VTG level was significantly increased after 

DEHP and MEHP exposure in males. Similar findings supported by many authors 

that exposure of EDCs many estrogenic and androgenic chemicals inclined the Serum 

Vitellogenin hormone level in fish. (Ankley and Johnson,  2004; Desforges et al., 

2010; Folmar et al., 2001; Jin et  al.,  2008; King and Hassell, 2008; Liu et al., 2009; 

Martyniuk et al., 2007; Menuet et al., 2004; Mills and Chichester, 2005; Nadzialek et 

al., 2011). 

There are several authors who worked on the expression level of CYP 19 gene after 

exposed endocrine disrupting compound and found the CYP 19 mRNA level tend to 
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increase (Kalliveretaki et al., 2006; Kazeto et al., 2004; Montserrat et al., 2004). They 

may induce an increase in the expression and activity of P450 aromatase. Wang et al. 

(2013) was studied on adult Chinese rare minnow (Gobiocypris rarus) were exposed 

to DEHP concentration 0 µg/L, 3.6µg/L, 12.8 µg/L, 39.4 µg/L, and 117.6 µg/L for 21-

days. Exposure of DEHP resulted in significant higher concentration of testosterone 

(T) and lower concentrations of estradiol (E2), similar result obtained that in male 

increases of T and E2 levels were consistent through up-regulation of Cyp17 and 

Cyp19a in the gonads. Moreover, the T/E2 ratio was significantly increased in 

females but reduced in males; significant increase in the levels of hepatic vitellogenin 

(VTG) gene transcription was observed in both females and males caused a 

significant decrease of E2 and an increased T/E2 ratio in females but a significant 

increase of E2 and decreased T/E2 ratio in males. Ye et al. (2014) observed a 

significant increase in plasma 17β- estradiol (E2) along with a significant diminish in 

testosterone (T)/E2 ratio (to less than 1/3 of control ratio) in male O. melastigma 

(LOEC 0.1 mg/L). A significant decrease in testosterone (T)/E2 ratios was also 

observed in males. Increased concentrations of T and E2 were observed in females. 

Han et al. (2009) studied the effect of DEHP concentration 5.5 to 20.5mg/L on sex 

hormone level in common carp (Cyprinus carpio) observed induction in Vitellogenin 

but reduction in Vitellogenin also seen in several studies (Carnevali et al., 2010; 

Caunter et al., 2004; Kim et al., 2002; Wang et al., 2013; Ye et al., 2014) Caunter et 

al. (2004) observed increased Vtg concentrations in F2 female Fathead minnow 

exposed to 5 µg/l DEHP in water and 500 mg/kg in food for three generations. Also 

male fish from the same study had increased Vtg concentrations although not 

significant using conservative statistics. Vtg was analyzed semi-quantitatively in 

Japanese medaka (Oryziaz latipes) by Kim et al. (2002) after a chronic exposure from 
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1 or 2 days post-hatch (dph) until the age of 3 months to the nominal concentrations 

of 1, 10 or 50 µg DEHP/L. Carnevali et al. (2010) reported increase of plasma 

Vitellogenin levels in female zebrafish (Danio rerio) exposed to DEHP concentration 

0.02, 0.2, 2, 20 and 40 mg/l for three weeks. Aromatase enzyme is the potential target 

of environmental contamination (Kallivretaki et al., 2006). It is likely that EDCs 

affect reproduction either by disrupting the synthesis or degradation of endogenous 

hormones or by directly activating steroid hormone receptor-mediated gene 

expression (Larkin et al., 2003). Comparable result obtained by Ankley et al. (2002) 

accumulation of sperm in testes has been caused by aromatase inhibitors  in fathead 

minnow (Pimephales promelas), which may be referred to increased  levels of 

androgen steroids in plasma Kinnberg et al. (2003) in guppies (Poecilia reticulata). In 

male Japanese medaka, brain aromatase activity augmented due to 10 day exposure to 

E2 (Melo and Ramsdell, 2001) Similarly high ovarian and brain aromatase activity 

has been reported in female mosquitofish exposed to paper mill effluents (Orlando et 

al., 2002) Nevertheless Short time exposure to high concentrations of MT (µg/L 

range) decreased the aromatase activity in male Japanese medaka (Melo et al., 1999) 

and fathead minnow (Hornung et al., 2004).   

Effect of DEHP on RNA/DNA Ratio of L. rohita 

The group of fish treated with DEHP showed significant decrease of RNA/DNA ratio 

in high dose of the experimental period but in median and low dose there was no 

significant (P>0.05) changes in RNA/DNA ratio in DEHP exposed L. rohita. 

Similarly three juvenile fish species: the red drum (Sciaenops ocellatus), the orange-

spotted grouper (Epinephelus coioides) and the marine medaka (Oryzia melastigma) 

were subjected to long-term (i) food deprivation, (ii) exposure to benzo[a]pyrene, (iii) 

hypoxia, respectively. No significant change in RNA: DNA ratio was detected for 
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both fed and unfed groups throughout the experimental period (Cheung et al., 2007). 

The RNA:DNA ratio was most sensitive, and decreased significantly (by 50 to 86%) 

following exposure to 4.5 and 3.5 mg O2 l–1 low oxygen level for 1 week this study 

disclosed negative impact on growth due to decrease in RNA/DNA ratio (Zhou et al., 

2001). Similar study done on common carp, Cyprinus carpio under hypoxia and 

found that the RNA: DNA ratios were correlated with reduced growth. The common 

carp were exposed to 0.11–1.1 g of the pentabromo-substituted diphenyl ether (BDE-

47) mg−1. By contrast, both DNA levels and RNA: DNA ratios were not affected 

(Gardestrom et al., 2006). RNA/DNA might be a more sensitive parameter for growth 

development (Gorokhova, 2005; Gorokhova and Kyle, 2002; Rosa and Nunes, 2003). 

Ibiam and Grant (2005) found that RNA: DNA measurements more sensitive then 

acute toxicity in nematodes. In addition, they found it to be equally or more sensitive 

growth-related toxicity. Also, Yang et al. (2002) showed that the RNA: DNA ratio 

was equally sensitive as an endpoint as the growth in the micro algae Skeletonema 

costatum. Muscle RNA/DNA ratio were shown and compared with the control, 

intestine RNA/DNA ratio was significantly decreased (P<0.05) with a decreasing rate 

at 48.01%. Li et al. (2010) reported in fish, energy metabolism is allied to various 

environmental stress factors including toxicant exposure. Therefore, RNA to DNA 

ratio could be used as a possible biomarker for evaluating the environmental 

pollutants, but not be confirmed. Some studies supported the application of 

RNA/DNA ratio to evaluate the effects of toxicants on fish because they found a 

depressed RNA/ DNA ratio in fishes exposed to metal and organic contaminants 

(James and Sampath 1999; Kim and Kang 2004). 

Raksheskar (2012) studied on the impact of sublethal concentration of endocrine 

disrupting compound (Cypermethrin) exposed to fresh water fish. The RNA/DNA 
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ratio and DNA, RNA were estimated in gill of freshwater fish Channa striata. The 

sublethal concentration of Cypermethrin (0.00078 µl/lit) for 24, 48, 72 and 96 hours 

of different time intervals. The concentration of Cypermethrin demonstrated reduce 

level of DNA as 6.79, 15.77, 15.66, 15.36 in experimental and 15.20, 14.11, 12.16, 

10.16 respectively for experimental RNA at different exposure period. Whereas the 

RNA/DNA ratio changed 2.23, 2.48, 2.27, 1.97 at different time interval respectively 

as compares to control group. Moreover, Tripathi et al. (2000) reported that inhibitory 

effects of fenvalarate on DNA, RNA and protein content show extreme toxicity of 

pyrethoidal compound on the main biochemical machinery of the fresh water catfish, 

Clarias batrachus. Triphati et al. (2001) was investigated the effect of sublethal 

concentration of two different kinds of pesticides Fenvalerate (synthetic pyrethroid) 

and Monocrotophos (organophosphate) for 24, 48, 72 and 96 hrs were observed on 

DNA and RNA contents in particular tissues like gills, liver, kidney and muscle of 

freshwater fish Punctius arenatus (Day) The decrease of DNA and RNA content was 

found to be significant statistically at P < 0.01 or P < 0.001. The level of DNA and 

RNA was found to be reduced in the gills, liver, kidney and muscle of Punctius 

arenatus (Day) due to period of exposure and different concentration of two different 

pesticides. Pesticide toxicity indicates alteration in nucleic acid synthesis (Nutan et 

al., 2010). Tripathi et al. (2003) also reported that fish exposed to Dimethoate 

(organophosphate) exhibited a decrease in nucleic acid (DNA and RNA) content. 

Similar study done by Triphati et al. (2002) the effects of sublethal concentration of 

Fenvalerate on DNA, RNA, RNA/DNA ratio and protein contents were estimated in 

gill and kidney tissues of Clarias batrachus. Fenvalerate reduced the DNA content in 

gills, whereas it does not produce any significant effect on DNA in kidney. 

1.4 Effect of DEHP on gonadal development and structure of L. rohita: 
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In DEHP treatment group histological observation indicated clear cut difference from 

the control group. Histological analysis of the gonads confirmed that the gonads 

visually identified as intersex, Intersex population was the intermediate form of ovary 

and testes. Histological structure showed many spermatids surrounded by the ovarian 

cavity in all group of intersex population. Developing ovary shows perinucleolar 

oocytes (POC) Spermatocytes (ST) imposex condition in DEHP exposed fish group. 

Similar result have been shown in salmon (Salmo salar), exposure to 1500 mg DEHP 

kg in the food for a for four months during early life resulted in a small incidence of 

intersex (Norman et al., 2007). Endocrine disrupting compound stimulates the 

production of VTG and eggshell Zr protein by the liver of female fish (Arukwe and 

Goksoyr, 2003) there are so many workers reported that in lower vertebrates estrogen 

directly influence a number of development and reproductive events such as hepatic 

vitellogenisis, egg member protein synthesis, oocyte growth germ cell development, 

gonadal sex determination (Li et al., 2008; Nori, 2004; Pablo et al., 2005). Salmon 

(Salmo salar) fry exposure of DEHP concentration 16.5 mg/kg body weight result 

Intersex fish (Norman et al., 2007).  

However, a series of chemical have been reported to have potential to directly or 

indirectly disrupt the hormonal level of fish by interrupting with the regulation of 

CYP 19 gene expression either in vivo and in vitro (Kalliveretaki et al., 2006). The 

abnormal sexual development such as compromised reproductive function and 

characteristic may be due to the induction of aromatase by EDCs (Larkin et al., 2003). 

Similarly abnormal level of circulating steroid hormones have been reported in fish 

exposed to pulp and paper mill effluents (Guillette et al., 1994). Estradiol (17β) also 

stimulate the aromatase activity in Black porgy and increase estradiol and vitellogenin 

hormone level in serum by the exposure of estrogen 17β Estradiol (Chang and Lin, 
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1998). The exposures of ortho-para dichlorodiphenyltrichloroethane (op- DDT) 

induced the sex reversal in Medaka and also find the higher brain aromatase activity 

(Kuhl and Brouwer, 2006). Ovatestis abnormality by EDCs exposure have been 

reported in medaka (Gronen et al., 1999) and Carp (Gimeno et al., 1994, 1997) 

Arukwe (2001) reported related study with the exposure of high concentration of 

synthetic environmental estrogen reproductive and developmental problem like 

feminization of male, masculinization of female and lower fertility. These 

abnormalities Bruna et al. (2013) was evaluated the effects of environmentally 

relevant concentrations of DEHP 0.2 and 20 mg/L on the reproductive physiology of 

adult male zebrafish (Danio rerio) DEHP impaired reproduction in zebrafish by 

inducing a mitotic arrest during spermatogenesis, rising of DNA fragmentation in 

sperm cells and markedly reducing embryo production it was up to 90%. In 

conclusion, moderately shortterm exposure to environmentally relevant 

concentrations of DEHP is able to alter spermatogenesis and affect reproduction in 

zebrafish. 

There are several studies supported our result like feminized male, increased plasma 

estrogen levels, Decreased testes size and related spermatogenesis in male and 

increased aromatase level (Baatrup and Jung 2001; Bayley et al., 2002; Jensen et al., 

2004; Kinnberg and Toft 2003; Powlowski et al., 2004) Correspondingly due to 

endocrine exposure reduced ovarian growth and altered oocyte development and 

decreased fecundity in females, presence of oocytes and ovarian duct in testes of male 

fish was showed (Brion et al., 2004; Jensen et al., 2004; Kiparissis et al., 2003; 

Makyen et al., 2000; Mandiki et al., 2005; Nash et al., 2004; Pawlowski et al., 2004).  

Treating fish with exogenous sex steroid hormones during early developmental stages 

may cause sex-inversion or sex reversal in spite of the genotypic sex (Tzchori et al., 
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2004). Similar observation by Norman et al. (2007) in Salmon (Salmo salar) fry 

treated with DEHP dose of 16.5 mg/kg intersex fish fishes were found. Dutta et al. 

(2006) conducted a histopathological study on the effect of endosulfan on testes of 

bluegill fish Lepomis macrochirus after 24, 48, 72 and 96 hours there were signs of 

connective tissue splintering, breakage of primary spermatocyte wall and its 

separation from the seminiferous tubules, damage and migration of primary 

spermatogonia into the lumen and damage to connective tissue and seminiferous 

tubules was observed. The histological data support the hypothesis that phthalic acid 

ester inhibits the progression of spermatogenesis potentially by causing an arrest of 

meiosis.   

Therefore by the observation from the present study the resemblance showed by 

Chikae et al., 2004a, reported that Japanese medaka were exposed to 0.01, 0.1, 1.0, 

and 10.0 µg/L DEHP until hatching resulted in delayed hatching time. Another study 

by Chikae et al., 2004a adult stage, mortality rates exposed to DEHP, but no effects 

were seen in female body weights or the gonadosomatic index (GSI) of either sex. A 

later study were also observed GSI was reduced in males at 0.01 – 10 µg/L in rat 

female body (Chikae et al., 2004b). Kim et al., 2002 reported the sublethal effect of 

DEHP in female medaka under chronic exposure conditions of 10 – 50 µg/L for 3 

months showed reduced GSI. Akinbemi et al. (2004; 2001) investigated that the 

DEHP concentration 5 or 25 mg/L can alter testicular function and decrease the level 

of Testosterone in blood serum. 

Similar study reported the effects of Di-(2-ethylhexyl)-phthalate (DEHP) in female 

reproductive system of zebrafish there was a significant decrease in ovulation and 

embryo production was observed. Treatment with EE2 or the 2 mg/l DEHP dose led 

to a significant increase in the number of vitellogenic oocytes. This increase was 
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associated with a significant diminish in pre-vitellogenic oocytes observed in the 

same experimental groups; EE2 and 2 mg/l DEHP shifted pre-vitellogenic oocytes 

towards vitellogenic induction. Interestingly, no post-vitellogenic oocytes were found 

in the EE2, 20 or 40 mg/l DEHP exposed females in all treated groups the GSI 

(gonad-somatic index) became higher. A significant increase in vtg levels in the 

plasma of treated females was observed with the highest induction found with 40 mg/l 

DEHP, clearly showing the estrogenic activity of DEHP studied by Oliana et al. 

(2010). 

Histopathology has proven to be a useful biomarker to evaluate the risk to aquatic 

organisms by exposure to both natural and anthropogenic EDCs that may interfere 

with reproduction and development (Bateman et al., 2004). Mild intersex 

characteristics were recently shown to be able to compete with normal males and 

contribute to the next generation in a competitive breeding scenario (Matthiessen et 

al., 2008; Singh et al., 2013) and fish kills (Ripley et al., 2008). Tetreault et al. (2011) 

reported alterations in gonad development compared to that of fish from reference 

sites during the examined of gonad sections from downstream of STP discharges. The 

abnormal sexual development such as compromised reproductive function and 

characteristic may be due to the induction of aromatase by EDCs chemical (Larkin et 

al., 2003; Singh, 2012; Singh et al., 2014). Zutshi and Murthy (2001, 2003) reported 

ultrastructural changes in the testes of the fish Glossogobius giuris induced by the 

pesticide fenthion. Uren-Webster et al. (2010) investigated the effects of di (2-

ethylhexyl) phthalate (DEHP) on the reproductive health of male zebrafish (Danio 

rerio). Males were treated with 0.5, 50 and 5000 mg DEHP kg−1 (body weight) for a 

period of 10 days via intraperitoneal injection, a significant increase in the 

hepatosomatic index and levels of hepatic vitellogenin transcript were observed 
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following exposure to 5000 mg DEHP kg−1. Exposure to 5000 mg DEHP kg−1 also 

resulted in a reduction in fertilisation success of oocytes spawned by untreated 

females caused alterations in the proportion of germ cells at specific stages of 

spermatogenesis in the testis, including a reduction in the proportion of spermatozoa 

and an increase in the proportion of spermatocytes. Our study concluded degeneration 

of vitellogenic oocyte in developing ovary although we do not measure separate level 

of VTG concentration in male and female fish but degenerating oocytes (Figure 15b). 

Similar findings by Bhatia et al. (2013) supported my findings. Similarly Murray 

rainbow fish exposed to DnBP concentration 125-1000µg/L observed significant 

reduction in the proportion of spermatozoa (Bhatia et al., 2013).  

 Effect of HCH on L. rohita 

 Effect of HCH on Gonado somatic index (GSI) of L. rohita: 

The results of this study delineated that exposure of γ-HCH to L. rohita reduced the 

gonado-somatic index in all experimental group. Similar study EDCs exposed fish 

feather minnow has been reported to have noticeably lower GSI than control (Rey, 

2006). GSI decreases have been reported in adult rainbow trout and carp exposed to 

estrogens either in water or via their food (Gimeno et al., 1998; Jobling et al., 1996; 

Komen et al., 1989). Results of this study along with previous literature showed that 

GSI can be suitably considered for detection of estrogen mimics (Bjorkblom et al., 

2009; Jobling et al., 1996). Related findings have been documented by many authors 

showing that exposure of estrogenic and anti-androgenic contaminants in the 

laboratory and in fish inhabiting contaminated sites with reduced GSI (Ankley et al., 

2001;  Patino et al., 2003; Sepulveda et al., 2002; Sun et al., 2009; Zha et al., 2008). 
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Effect of HCH on biochemical Parameters of L. rohita: 

In this study, we found decreased serum 17-β estradiol (E2) after HCH treatment. 

Similar results have been shown by revealing an antiestrogenic potency of HCH that 

influences sexual development in amphibians (Levy et al., 2004).  In the same way 

exposure to pp-DDE decreased estradiol in largemouth bass (Micropterus salmoides) 

females, but increased 11-ketotestosterone Dieldrin on the other hand decreased  

estradiol, 11-ketotestosterone in both sexes, altered the expression of vitellogenin and 

genes involved in hormone synthesis and  metabolism which considerably lowers  

plasma hormone levels (Garcia-Reyero et al., 2006). Other reports suggested 

decreased testosterone level in mature male common carp exposed to 1000mg/L BPA 

(Mandich et al., 2007), in juvenile turbot Psetta maxima exposed to 59mg/ L BPA 

(Labadie and Budzinski, 2006) and in larvae of brown trout (Salmo trutta) exposed to 

50mg/L BPA (Bjerregaard et al., 2008). Another related study reported by Iwamatsu 

et al. (2006a), showed that aromatizable testosterone in high concentrations may 

induce a significant increase in E2 content in embryos of medaka Oryzias latipes and 

can cause paradoxical sex reversal. Similar observations were made in zebrafish (Orn 

et al., 2003). In the African catfish (Clarias gariepinus) in vivo treatments with 

androgens inhibited testis development (Cavaco et al., 2001; Schulz and Miura, 

2002).  

Hormonal regulation between estrogen and androgen is necessary in sexual 

differentiation of teleost fish and it depends upon activity of some steroid synthesis 

including enzyme particularly cytochrome P450 aromatase complex.  This enzyme 

directly participate in the regulation of sexual differentiation because aromatase 

inhibitor treated female fish have various degree of masculinization Oncorhynchus 

mykiss (Guiguen et al., 1999), zebra fish Danio ranio (Uchida et al., 2004) 
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Orinochronis niloticus (Singh et al., 2011;  Kwon et al., 2000a) common carp (Singh 

et al., 2013). In this study serum aromatase value did not significantly (P>0.05) 

change in HCH treated fish while Celius et al. (1999) investigated the production of 

vitellogenin and zona radiata (eggshell) proteins in primary hepatocytes of atlantic 

salmon exposed to a variety of suspected EDCs including o, p’-DDT and lindane 

(γ−HCH) cells treated with 1, 5, and 10 µM DDT and lindane induced vitellogenin 

and zona radiata proteins in an approximate dose-dependent manner. 

 Effect of HCH on RNA/DNA Ratio 

The results of this study revealed that fish exposed to γ-HCH decreased RNA/ DNA 

ratio. Similar observation has been reported where inhibitory effects of fenvalarate on 

DNA, RNA and protein content has been shown to have tremendous toxicity of 

pyrethoidal compound on the main biochemical machinery of the fresh water catfish, 

Clarias batrachus (Tripathi et al.,  2001). In another analogues study significant 

decline in the nucleic acid content has been reported in Channa punctatus subjected to 

dimethoate an organophosphate (Tripathy et al ., 2003). Our results showed that effect 

of high dose of HCH affected the DNA, RNA and RNA/DNA ratio so very lower 

concentration may affect fishes suggesting that the poor growth of experimental fish 

was due to imbalance in RNA/DNA ratio. The percentage reduction of nucleic acid 

level was statistically significant in tissues of the fish (Rathod and Kshirsagar, 2010; 

Raksheskar, 2012). Further, it is reported that fish exposed to Dimethoate 

(organophosphate) exhibited a decrease in nucleic acid (DNA and RNA) content 

(Anderson et al., 1994; Tripathi, 2003). Thus hypothesis of this study cleared that the 

RNA/DNA ratio can be considered as early warning signals for detection of effects 

any EDCs at the species level. 
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Effect of HCH on gonadal development and structure of L. rohita: 

In HCH treatment group histological observation indicated clear cut difference from 

the control group. Histological structure of testis showed different stage of 

spermatogenesis. In controlled condition cross section of testis showed ducts, Sertoli 

cells (SE), tunica albuginea (TA) and it revealed the presence of spermatogonia (SG) 

spermatids (ST) and spermatozoa (SZ). In this study HCH exposed fish showed 

disorganization of tubular elements semeniferous tubules degenerated when treated 

with 0.5mg/L HCH. HCH treated gonad showed developing oocyte (OC) after 60 

days treatment of 0.5mg/L and a clear mature oocyte was observed in developing 

testes having number of spermatocytes surrounding it.  In controlled condition, 

immature ovary showed the perinuclear stage and vitellogenic stage. In perinuclear 

stage the number of nucleoli increased and arranged along the inner side of the 

nuclear membrane. In vitellogenic stage, oocyte size was found to be increased. The 

nucleus was convoluted and follicular layer were well developed. In HCH treated fish, 

ovular cell were not clear and no perinuclear condition was observed and yolk 

vesicles were surrounded by the nucleus of the ovule. There are many other similar 

reports suggesting E2 content in embryos of medaka Oryzias latipes and can cause 

paradoxical sex reversal (Iwamatsu et al., 2006a). Similar observations were made in 

zebrafish (Orn et al., 2003). These considerations led us to suppose that exposure to 

organochlorene could increase the possibility of a persistent intersex condition. The 

absence of intersex individuals in control groups may indicate that the observed effect 

in HCH-exposed groups would be a demasculinization/feminization phenomenon or a 

delay of intersex individuals in turning into males or females. A recent study 

investigated the effect of exposure of EDCs on sexual differentiation in European 

pikerch (Sander lucioperca) testicular development was delayed with increased 
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frequency of intersex condition (Jarmolowicz et al., 2013). Synchronized conclusion 

observed by many authors that abnormal gonadal development, such as delayed 

maturation, high levels of atresia or intersexuality may also be detected histologically. 

Such parameters are frequently investigated in fish from contaminated environments 

or those exposed to anthropogenic chemicals (Brion et al., 2004; Mattson et al., 2001) 

Mechanism of Action of these chemicals:  

The abnormalities and sub lethal changes caused by endocrine disrupting chemicals 

are reported in several aquatic animals (Bayley et al., 2002; Harris et al., 2001; 

Kinnberg et al., 2000; Kinnberg and Toft 2003; Kloas, 2002; Lavado et al., 2004; 

Loomis et al., 2000; Maclatchy et al., 2003; Makynen et al., 2000; Mandiki et al., 

2005; Schwaiger et al., 2002). It has been shown that Endocrine disruptoring 

chemicals (EDCs) can affect endocrine systems through various ways. It may be 

receptor-mediated or receptor-independent pathways mimicking the action of 

estrogens or androgens.  While acting though receptor, these compounds have affinity 

to bind with receptor and activate the gene cascade thereby affecting the reproductive 

physiology either by disrupting the synthesis or degradation of endogenous hormones 

or by directly activating steroid hormone receptor-mediated gene activation pathways 

(Caserta et al., 2008; Patisaul et al., 2009).  Exposure of estradiol (E2) results in the 

synthesis of specific proteins that activate several genes that encode proteins like 

estrogen receptor (ER), Vitellogenin (Vtg), the egg yolk precursor proteins, and 

choriogenins required for making the egg membrane (Arukwe et al., 2001; Bowman 

et al., 2000; 2002 Celius et al., 2000; Folmar et al., 2000; Funkenstein et al., 2000; 

Hemmer et al., 2001; Lattier et al., 2001) and affecting the expression of Vtg. 

(Matozzo et al., 2008). These compounds also have got agonist activity to bind 

aromatase receptor (Brion et al., 2012; Hinfray et al., 2008; Kallivretaki et al., 2006). 
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It is likely that EDCs will have their own specific gene expression profiles because 

they may bind with low affinity to more than one steroid receptor resulting in a 

complex gene activation pattern (Kallivretaki et al., 2006). There is clear cut evidence 

that these compounds have both agonist and antagonist activity i.e. either binds with 

ER receptor or AR receptor (Paech et al., 1997). However, several questions are 

raised for the fate of the gene expression as EDCs can bind to both the ER and AR. 

Scientific investigations are going on to unravel the dilemma and to understand the 

mechanisms that might be involved with different kind of EDCs. Estrogenic 

compounds are increasingly being recognized in environment which has potential to 

induce feminization of wild fish because it blocks androgen action (Filby et al., 2006). 

Feminization by anti androgen and estrogen may in part be attributed to increased 

expression of CYP 19 genes which is responsible for the production of E2 by 

catalyzing its conversion from testosterone. It involves conversion of ▲4 3-one a ring 

of the androgens to the corresponding phenolic ring characteristic of estrogen. Many 

endocrine chemicals have this phenolic ring so these are easily recognized by receptor 

and thus cause disruption. (Craig et al., 2011) Modulation of aromatase CYP19 

expression and function can dramatically modify the rate of estrogen production, 

disturbing the local and systemic levels of estrogens. Two cyp19 genes are present in 

most teleosts, cyp19a and cyp19b, primarily expressed in the ovary and brain, 

respectively both aromatase CYP19 isoforms are concerned in the sexual 

differentiation and regulation of the reproductive cycle (Paech et al., 1997). Alteration 

of aromatase CYP19 expression and/or activity by up regulation or down regulation, 

may cause possibility for several EDC classes to affect cyp19 expression on the 

transcriptional level (Kalliveretaki et al., 2006; Kazeto et al., 2004; Montserrat et al., 

2004). 



 

 

    

VÉÇvÄâá|ÉÇVÉÇvÄâá|ÉÇVÉÇvÄâá|ÉÇVÉÇvÄâá|ÉÇ    

  

 

 

 

 



ConclusionConclusionConclusionConclusion    

Ph.D. Thesis/2016/Applied Animal Science/Rita VermaPh.D. Thesis/2016/Applied Animal Science/Rita VermaPh.D. Thesis/2016/Applied Animal Science/Rita VermaPh.D. Thesis/2016/Applied Animal Science/Rita Verma                                                                130 

In the last decade, research has focused on potential interactions of chemicals with 

various hormone receptors, with particular emphasis on the thyroid hormone and 

estrogen receptor, and more recently the androgen receptor. Numerous chemicals 

have been reported to be agonists or antagonists for the estrogen receptor in various in 

vitro systems. However, receptor affinityare usually very low relative to endogenous 

hormones such as 17b-estradiol and testosterone. There may exist several mechanisms 

of interference of such pseod-receptors with the endocrine system. The endocrine 

disruptor is typically defined as ‘‘an exogenous substance or mixture that alters 

function(s) of the endocrine system and consequently causes adverse effects in an 

intact organism or its progeny or (sub) populations’’ (IPCS, 2002). Consequently, key 

enzymes involved in steroid hormone synthesis and metabolism are being considered 

as important targets for endocrine disrupting chemicals particularly, the cytochrome 

P450 (CYP) enzymes which are responsible for the highly specific reactions in the 

steroid biosynthetic pathway. 

While with the above discussion it is clear that exposure to EDCs can have adverse 

effects on reproductive physiology and behaviour in fish. It is important to recognise 

the prevalence of such compounds in the environment and to find out their  potential 

adverse affect. Further, efforts to understand the mechanisms underlying EDC effects, 

particularly those seen in environment in low doses. However, such compounds have 

no clear mechanism of action and these may cause the epigenetic potential effects to 

destroy the next generation population. It is now considered consider that 

improvements in detection techniques of EDCs are essential, together with  effective 

monitoring of discharges and pollutants in aquatic bodies. Studies on the 

immunological effects of endocrine disruptors is however, recommended.  A further 
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long-term study of populations exposed to EDCs is also recommended to assess the 

effects on age and the structure of population as well as on altering population size. 

Summarizing the weight of evidence DEHP induces vitellogenin protein And 

estradiol in most of the tested fish species, indicating an estrogenic mode of action. 

Overall DEHP acts as a weak estrogen and/or anti-androgen changing the sex ratio of 

fish in one study, inducing ovo-testis in another, decreasing reproductive output in 

combination with Vtg induction in a third study as well as decreasing male 

reproductive output in a fourth study. Further available studies support this conclusion 

and other studies suggest that DEHP may also have thyroid effects in fish and/ or 

amphibian species. Well similar result obtained with DBP which is the isomer of the 

phthalic acid ester so we can conclude that Phthalic acid ester is a week estrogenic 

chemical viewing above result, But result point out a clear cut difference between 

Organochlorine (HCH) and plastic originated compound like phthalic acid ester that 

both have different mode of mechanism and both have different adverse effect on 

aquatic animal. Results revealed that that Due to the imbalance in the reproductive 

hormone the reproductive development should be arrested. It could be clear cut 

concluded that these compounds directly affect the endocrinology of animals.  

Gonadosomatic index also a vital parameter to see the direct effect of these chemical 

on the physiological development. RNA plays significant role in protein synthesis 

hence depletion in RNA contents also results in depletion in protein level. Hence, 

there is decrease in RNA level thus reducing protein synthesis. Thus, from the present 

investigation, it can be accomplished that the marked decrease in the DNA and RNA 

content upon exposure to pesticides may be due to decrease in protein synthesis, 

impairment of nucleic acid metabolism, the degradation of cells, resulting in the 

reduction in the DNA and RNA content. 
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In the present investigation, it can be concluded that under exposure to pesticides the 

DNA and RNA content decreased in the tissues of the fish, L. rohita leading to a 

decrease in protein synthesis and cellular degradation. The present data happens to 

constitute the first report on pesticide causing depletion in the nucleic acid level 

amongst the freshwater fishes. Further it could also be concluded that these intersex 

fishes are not able to reproduce because of lack of the sexual differentiation. These 

are sterile. It should be noted, however the present dataset was restricted to relatively 

limited information and results but more study need to be conducted to fully elucidate 

the pathway involve in the disruption of gonaldal function in fish.  
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Sexual reproduction in vertebrates is mediated by steroid hormones and numerous 

endocrine disrupting chemicals (EDCs) discharged into the environment have been 

shown to interfere with hormone signaling via several mechanisms. In fish, sex 

determination and differentiation are particularly susceptible to endocrine disruption 

and exposures to various synthetic and natural endocrine disrupting chemicals have 

been associated with significant effects on reproductive development and function in 

wild fish populations. Endocrine disrupting chemicals (EDCs) are chemicals that can 

have an effect on the endocrine system of animals including aquatic animals (fishes, 

molluscs, and amphibian), birds and humans. Several EDCs have been detected in 

water, air, and soil environments. Estrogenic EDCs (e-EDCs) are able to induce an 

estrogen-like response in organisms The most common e-EDCs listed in literature are 

Estrone (E1), 17β-Estradiol (E2), Ethinylestradiol (EE2), Estriol (E3), Bisphenol A 

(BPA), Nonylphenol (NP), Nonylphenol ethoxylates (NPnEO), and Octylphenol, 

Phthalic acid ester (DMP, DBP, DEHP). In view of the above mentioned facts, the 

thesis work was conduced focusing on the effects of EDCs on fish reproduction 

endocrinology and hormone biosynthesis. In particular, we have examined the effect 

of EDCc on an Indian major carp Labeo rohita. Degradation of these compounds 

leads to a lowering of solubility and increased estrogenicity. EDCs can act at cellular 

level; induce endocrine disruption via a number of routes that involve steroid receptor 

binding (agonists), blocking steroid receptor binding (antagonists), or by disrupting 

the biosynthesis and or metabolism of steroids (Sharpe and Irvine, 2004). Paper mill 

extracts and municipal wastewater are polluted with a huge number of organic 

substances containing both natural and xenobiotics compounds (Gehring et al., 2002; 

Ying et al., 2002 ).These chemicals mimic endogenous hormone action or inhibit their 

activity modulating the endocrine system (Guiletter, 2000). Significant concentrations 
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of EDCs have been detected in sediments and wastewater by several authors in Uttar 

Pradesh, India. Therefore, monitoring of EDCs in aquatic animals are necessary. On 

account of above facts,, this study  was undertaken to elucidate the impacts of EDCs 

(phthalic acid ester and organochlorine) under controlled laboratory studies. The 

experimental animal L. rohita, weighing 100g-150g were exposed to phthalic acid 

ester (DMP, DBP, and DEHP) and γ-HCH in different doses of 0.2mg/L, 0.3mgL, 

0.5mg/L. Phthalic acid ester was dissolved in 1% DMSO and γ-HCH was dissolved in 

1% Acetone and diluted the stock solution for the required concentration in aquaria 

water where the fihes were treated for 90 days with renewal of water every third day. 

This study investigated the effect of these endocrine disrupting chemicals on the 

gonads (GSI), histopathological changes of gonads, plasma concentrations of 

Vitellogenin (VTG), 17β-estradiol (E2), Testosterone and Aromatase, and also 

RNA/DNA ratio.  

Methodology used: 

Labeo rohita (rohu) was collected from private fish ponds, Lucknow. Identified 

taxonomically and maintained in laboratory condition. Fishes were fed with healthy 

diet daily commercially available palette diet (Tyio Pvt. Ltd.) daily. Length and 

weight of each fish was measured before and after the experiment and the collected 

data gave the information about growth of fish under controlled and treatment 

condition. Weight of fish was taken by digital electronic balance and length was 

measured by a calliper scale. Gonado somatic index (GSI) was calculated according 

to Singh et al. (2013).  Estradiol-17β, testosterone and Vitellogenin levels in the 

serum was measured using kit provided by Enzo -Life Sciences, India, Serum 

Aromatase was determined by kit (Uscn Life Science Inc). The microscopic anatomy 

of the cellular changes in gonadal tissues was done using histological techniques 
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described by Coolidge and Howard (1979). RNA/DNA ratio was measured by using 

spectrophotometric method by Schinder (1957). 

Results: 

Effect of Phthalic acid ester (DMP, DBP and DEHP) on L. rohita 

GSI value in control group ranged from 0.18±0.03-0.32±0.01 and in all DMP treated 

groups showed insignificant changes compared to control group. GSI in all treatment 

group ranged 0.19±0.01 - 0.316 ±0.015. Further, there was no change observed in GSI 

of fish exposed to both DBP and DEHP. In DBP and DEHP exposed groups the 

testosterone value of  decreased significantly (P<0.05) and  it was 961pg/ml and 463.5 

pg/ml respectively in high dose of 0.5mg/L but in control it was 1523.3pg/ml. Serum 

estradiol and vitellogenin level  increased significantly (P<0.05) in both groups of 

treatment DBP and DEHP. Estradiol level range from 438pg/ml to 529pg/ml in DBP 

and DEHP at different experimental doses and the vitellogenin slightly increased 

which was highly significant in DEHP treated group where it was 1701 pg/ml but in 

control group it was 1018pg/ml. Serum Aromatase value was insignificant in DBP 

treated group but in DEHP treated group it significantly (P<0.05) increased compared 

to control, where it was 79.74 pg/ml and in DEHP treated group it was 213.3pg/ml. 

The group of fish treated with DBP showed significant decrease of RNA/DNA ratio 

in high dose of the experimental period after 90 days. RNA/DNA ratio value in 

control group ranged from 2.2±0.01-2.12±0.09 and in DBP treated group it was not 

significantly (P>0.05) affected in 0.2mg/L, 0.3mg/L and 0.5mg/L after 30 and 60 

days.  The group of fish treated with DEHP showed also significant decrease of 

RNA/DNA ratio in high dose 0.5mg/L where it was 1.95±0.05. RNA/DNA ratio also 

significantly reduced (P<0.01)) after 90 days but in low dose and after 60 and 90 days 

there was insignificant difference between control and DEHP treated group. In both 
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the groups histological structure of gonad showed intersex condition where many 

spermatids were surrounded by the ovarian cavity in all group of intersex population. 

Developing ovary showed perinucleolar oocytes (POC), spermatocytes (ST) 

delineating imposex condition. There were a lower proportion of spermatozoa in the 

testes of males exposed with 0.5mg/L DEHP compared to control group. Conversely, 

there was significantly less count of spermatocytes in the testes of fish exposed with 

0.2mg, and 0.3mg/L DBP compared to control. At the high concentration of DEHP, 

the microphotograph showed degenerating oocytes possibly due to endocrine 

disruption. 

Effect of Organochlorine γ-HCH on L. rohita 

The experimental fishes were found unhealthy throughout the experimental period. γ-

HCH exposed fish had significantly (P<0.5) decreased GSI compared to control 

group. GSI value in control group was 0.17±0.01, 0.26±0.01and 0.35±0.01 after 30, 

60 and 90 respectively. However, it reduced to 0.16±0.01, 0.26±0.01 and 0.29±0.01 

after 30, 60 and 90 days respectively. HCH treated fish was analysed and found that 

serum testosterone level significantly (P<0.5) increased compared to control group 

but serum estradiol and vitellogenin level decreased significantly. Serum aromatase 

level was not significantly (P>0.05) different from control thought the experiment 

period in control group where it was 79.5±4.5, 89.5±2.3 and 87.6±4.5 pg/ml after 30, 

60 and 90 days. The fish treated with HCH showed a significant decrease of 

RNA/DNA ratio in all group of treatments. RNA/DNA ratio value in control group 

ranged from 2.6±0.09-2.74±0.05 and in HCH treated group it significantly reduced to 

1.05±0.09. Gonads of HCH treated L. rohita showed intersex condition where 

developing oocyte, degenerated  follicular connective tissue (FTC), atresia, number of 

spermatids (ST) surrounding the mature oocytes (MOC) were observed. 
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This study sensitized and created awareness among people to EDCs and their harmful 

effects on aquatic animals including fish. This study reported effect of endocrine 

disruption chemicals in L. rohita. The level of serum steroid (vitellogenin and 

testosterone) used as a successful biomarker to check endocrine disruption in fish and 

aquatic animals. Estrogens and estrogen mimic endocrine disrupting chemicals and 

are probably responsible for elevated incidence of intersex characteristics among fish 

and other animals, particularly those exposed during growth and developmental 

phases of life. Exposure of effluent on fish included development of gonadal 

abnormalities, changes in sexually dimorphic characteristics, and sex reversal. Many 

of these effects are mediated through the estrogen mimicking actions of the 

compounds released into the environment. In the present investigation, it can be 

concluded that under exposure of endocrine disrupting chemicals affect the 

reproductive physiology of L. rohita. EDCs exposed fishes were intersex (sterile) in 

reproductive condition. suggesting that future monitoring should considered important 

to see if there is an increase in the masculinization or feminization percentage and to 

determine the limit of dosage of EDCs that can be permeable. The use of house hold 

waste material should be discarded carefully (not through running waterof natural 

aquatic bodies) to minimize the effects of EDCs. 
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ABSTRACT 

Effects of EDCs particularly on RNA/DNA ratio are yet to be investigated to manage the effluents in natural 
waters. We investigated exposure effects of endocrine disrupting compounds (EDCs) phthalic acid ester (PAE) and 
hexachlorocyclohexane (HCH) on the RNA/DNA ratio in tissue of an Indian major carp Labeo rohita. Fish were 
exposed to pre-determined sublethal concentrations of phthalic acid ester (Di-methyl phthalate (DMP), di-butyl 
phthalate (DBP), and di-(2- ethylhexyl) phthalate (DEHP) and also HCH for determining the tissue RNA/DNA 
ratio after 30, 60 and 90 days of exposure in the doses of 0.2 mg L-1, 0.3 mg L-1, and 0.5 mg L-1 respectively. All these 
tested chemicals significantly (P<0.05) inhibited RNA/DNA ratio. The ratio gradually significantly (P<0.05) 
decreased after DEHP where it was 1.9±0.51 F1, 18=15.8 P=0.014 n=19; in case of DBP it was 1.92±0.62 F1, 
20=6.5 P=0.012 n=19 and for HCH it was 0.94±0.21 F1, 18=18.08 P=0.0012 n=19 at treatments concentrations of 
0.3 mg L-1 and 0.5 mg L-1, compared to control (2.9±0.2) after 90 days. However, there was no statistical significance 
(P>0.05) in RNA/DNA ratio after the DMP (F1, 20=2.4 P=0.15n=21) treatment. 
Keywords: DMP, DEHP, DBP, HCH, endocrine disruptors, growth, reproduction 

 

 
INTRODUCTION 

 
Currently, residual pharmaceutical compounds, agricultural  runoff,  domestic  effluents,  livestock 

waste, personal care products, industrial waste are reported to be present in aquatic environment and are 
generally recognized as a source of environmental pollutants (Gehring et al., 2002; Ying et al., 2002; 
Ankley et al., 2003; Cespedes et al., 2004; Harris et al., 2005; Singh and Srivastava, 2013; Tijani et al., 2013). 
Due to the presence of these compounds, there occurs a change in the chemical composition of natural 
aquatic environment which may affect the non-target aquatic organisms, particularly fish impairing with its 
reproductive physiology. Such contaminants can lead to interactions between the chemicals and biological 
systems, including physiological changes in fish (Schwaiger et al., 2004). Many of these compounds are 
categorized as endocrine disrupting compound (EDCs). In our Indian River, presence of compounds like 
HCH, Bisphenol-A, polycyclic aromatic hydrocarbons (PAHs), organochlorine pesticides (OCPs) are 
reported plasticizers like phthalic acid ester (Singh et al., 2005; Singh et al., 2007; Srivastava et al., 2010; 
Verma et al., 2013). 

The  muscle  of  the  fish  contaminated  with  photochemical  ozone  creation  potential  (POCPs 
(Organochlorine pesticide (OCPs) has been published to range between 2.58 and 22.56 ng g–1 (Malik et al., 
2004; Singh et al., 2005a). Although, these compounds are most frequently detected in rivers, its potential 
toxic effects on aquatic organisms (e.g., fish) remains principally unknown. It is well known that many 
environmental contaminants could produce severe damage in different organs of fishes and alter the 
activities of enzymes. Toxic pollutants interfere with energy yielding reactions indirectly inhibiting the 
synthesis of RNA, DNA and protein (Kim and Kang, 2004; Li et al., 2010). 

RNA/DNA ratio is useful indicators of natural or anthropogenic impacts in river, marine population 
and communities, such as upwelling or dredge fisheries (Chícharo and Chícharo, 2008). Ratio provides a 
measure of synthetic capacity of cell, but also could be a potential tool for reflecting environmental stress 
(Li et al., 2009a; Li et al., 2010) and nutritional level of cell (Chícharo and Chícharo, 2008). The objectives 
of this study were to investigate the effects of different doses of EDCs such as Phthalic acid ester (DMP, 
DBP, and DEHP) and HCH on the RNA/DNA ratio in muscle of Labeo rohita. 

mailto:aksingh56@rediffmail.com
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MATERIALS AND METHODS 

 
Time and Location 

Actively moving healthy immature Labeo rohita (total length, 22.5±2 cm, weight, 158±10.2 g, n=150) 
were collected from one of the culture ponds, Lucknow during the period from Dec 2013 to Dec 2015. 
Immediately after the collection, specimens were maintained in glass aquaria having 150 L water and they 
were acclimatized to the laboratory conditions for two weeks. 

Experimental Fish and Feed 
After the acclimation period, 150 immature Labeo rohita of 158±10.2 g weight and 22.5±2 cm length 

were divided equally and kept into four glass aquaria containing 150 L water in triplicate. Fish of each 
aquarium were given 0.2 mg L-1, 0.3 mg L-1    and 0.5 mg L-1  of all Phthalic acid ester similarly, in other 
group of experiment fish of similar length and weight were maintained in triplicate and were exposed to 
0.2 mg L-1, 0.3 mg L-1, 0.5 mg L-1    HCH. Every 10th day, the water of each aquarium was replaced with 
fresh water containing similar dose of phthalic acid ester and HCH. The test chemical phthalic acid ester 
was diluted in carrier solvent DSMO (1%) whereas HCH carrier solvent used was acetone (Naciff et al., 
2005). These diluents were also mixed in control group as vehicle solution. After 90 days of exposure, 
length and weight of each group of fishes was recorded with the help of digital calipers scale and digital 
electronic balance respectively. 

Fish were fed with pond collected zooplankton twice  daily and also with commercially available fish 
food pellets (Tyio Pvt. Ltd. India).Twelve treatment groups were set up to study the effect of 99% pure 
Phthalic acid esters DMP, DBP and DEHP, and HCH (procured from Sigma Aldrich USA) on the 
RNA/DNA ratio in Labeo rohita. 

RNA/DNA Ratio Analysis 
The muscle samples (100 mg ml-1, w/v) of each experimental group of fish was homogenized for 5 

min in 5% trichloroacetic acid (TCA) at 90°C and then centrifuged at 5000 rpm for 20 min. For the 
determination of RNA, 2.0 ml of distilled water and 3.0 ml of orcinol reagent (1g orcinol +100 ml HCL+ 
0.5g Ferric chloride) was added in 1.0 ml of supernatant. The reaction mixture was kept in boiling water 
bath for 20 min. The greenish-blue colour thus developed was read at 660 nm in a spectrophotometer. 
For DNA determination, 1.0 ml of distilled water and 4.0 ml of freshly prepared diphenylamine reagent (1 
g Diphenylamine reagent + 100 ml glacial acetic acid + 2.75 ml con H2 SO4) were added to 1.0 ml of the 
supernatant. The reaction mixture was kept on a boiling water bath for 10 min. The blue colour developed 
was measured with spectrophotometer at 600 nm. Standard curves for RNA and DNA were drawn using 
different concentrations of yeast RNA and calf thymus DNA, respectively. The values were expressed as 
µg 100 mg-100  fish muscle tissue on dry basis. For the calculation of results, average of the duplicate 
readings for each standard, control and samples were obtained after subtracting the average zero standard 
optical density. Created a standard curve on log-log graph paper, with concentration on the y-axis and 
absorbance on the x-axis. Then drew the best fit straight line through the standard points and it was 
determined by regression analysis. 

Statistical Analysis 
All data are reported as means ± standard deviation (SD). Differences between the control and 

each exposure treatment group were evaluated by one-way analysis of variance (ANOVA) and parametric 
multiple comparisons with group 1 as control performed by Dunnett test. P< 0.05 was considered 
statistically significant. All analyses were performed with SPSS 16.0 (SPSS, Chicago, IL, US). 

 
 
RESULTS AND DISCUSSION 

 
The group of fish treated with Di-methyl phthalate (DMP) showed significant (P<0.05) decrease of 

RNA/DNA ratio in high dose during the experimental period when compared with the control (Figure 
1a). However, DBP and DEHP treated groups showed significant decrease only in the dose of 0.3mg/L, 
0.5mg/L when compared to control. (Figure 1b and Figure 2a). In control group RNA/DNA ratio ranged 
from 2.2±0.01 to 2.12±0.09, which decreased to 1.9±0.48 (F1, 20 =6.5 P=0.012) in DBP treated the dose 
of 0.3mg/L after 60 days of exposure, and 1.9±0.02 (F1, 20=7.4 P=0.01) after 90 days of exposure. In 
DEHP group the RNA/DNA ratio was 1.9± 0.14 (F 1, 20 =11 P= 0.07) after 60 days and 1.85±0.9 (F1, 
20) 11.8P= 0.04) (P<0.05) after 90  days. 
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The experimental group of fish treated with HCH showed a gradual and significant decrease of 
RNA/DNA ratio in different exposure concentration (Figure 2b) RNA/DNA ratio ranged from 2.6±0.09 
to 2.74±0.05 in control group and in HCH treated group it was significantly decreased in 0.2mg L- 

1,0.03mg L-1,0.5mg L-1  it was 1.9±0.13 (F1,20)=5.8 P=0.02, n=21) 1.3±0.14 (F1, 20=6.5 P=0.012 n=21) 
1.04±0.07 (F1, 20=5.4 P=0.015) after 30 days. It gradually decreased after long time exposure significantly 
(P<0.05) and the reduction was 1.6±0.22 (F1,18 =18.08 P=0.0012), in 0.02mg L-1, 1.8±0.17 (F1, 18=15.3 
P=0.018) 0.3mg L-1,  1.45±0.07(F1,20 8.5 P=0.01) 0.5mg L-1 after 60 days.  There was also significant 
(P>0.01 Dunnet test) reduction after 90 days where the values were 1.9±0.13 (F1, 18=4.41 P=0.05), 
1.4±0.18 (F1, 20=8.8 P=0.01) and 0.89±0.05 (F1, 20 8.4 P=0.014) after 0.02mg L-1 0.3mg L-1 and 0.5mg 
L-1 exposures respectively. 

 

 

(a)                                                                      (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. (a) Value of RNA/DNA ratio in Labeo rohita exposed to 0.2 mg L-1, 0.3 mg L-1 and 0.5 mg L-1 

DMP for 90 days. (Y axis) represents the ratio, (b) Value of RNA/DNA ratio in Labeo rohita 
exposed to 0.2mg L-1, 0.3mg L-1 and 0.5mg L-1 DBP for 90 days (Y axis) represents the ratio. The data are 
presented as the mean ± standard deviation (n= 20) statistically significant differences according to a 
one–way ANOVA (P < 0.05) Dunnett test compared to control. 

 

 
 

(a)                                                                         (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. (a) Value of RNA/DNA ratio in Labeo rohita exposed to 0.2 mg L-1, 0.3 mg  L-1 and 0.5mg L-1 DEHP for 
90 days (Y axis) represents the ratio, (b) Value of RNA/DNA ratio in Labeo rohita exposed to 0.2mg L-1, 0.3mg L-1 

and 0.5mg L-1  HCH for 90 days (Y axis) represents the ratio. The data are presented as the mean ± standard 
deviation (n = 20) statistically significant differences according to a one–way ANOVA (P < 0.05) Dunnett test 

compare to control. 

 
The results of this study did not show any change in RNA/DNA ratio in DMP exposed group. 

Unlike the observations in this study, there are many earlier studies showing that several endocrine 
disrupting  compound,  phthalic  acid  ester  and,  HCH  effect  on  GSI,  cell  death,  sex  differentiation, 
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reproductive defects, oxidative stress, steroid hormone concentration and RNA/DNA ratio in tissue 
(Tripathi et al., 2000; Rakshekhar, 2012). 

Similarly, environmentally relevant concentrations of organotin compounds (OTs) was found to 
trigger sex changes in marine invertebrates (An et al., 2013) where it was reported that the RNA/DNA 
ratio was significantly (p<0.05) lower, and a slight increase in DNA damage was observed in females 
bringing about imposex individuals rather males. Parallel results were obtained by Li et al., (2010), after 
long-term  exposure to  carbamazepine  (CBZ)  on  the  enzymatic  alterations  and RNA/DNA  ratio  in 
intestine tissue of rainbow trout. In an another study, the application of RAN/DNA ratio to evaluate the 
effects of toxicants on fish was reported, because a depressed RNA/DNA ratio was found in fish exposed 
to metal and organic contaminants (James and Sampath, 1999). 

However, there are some studies which did not find any relation between the RNA/DNA ratio and 
the changes of environmental contaminants (Kim and Kang, 2004). Analogous revision done by Rathod 
and Kshirsagar et al. (2010) investigated the effect of sublethal concentration of two different kinds of 
pesticides Fenvalerate (synthetic pyrethroid) and Monocrotophos (organophosphate) for 24, 48, 72 and 96 
hrs and observed declined level of DNA and RNA contents in selected tissues like gills, liver, kidney and 
muscle of freshwater fish Puntius arenatus (Day) due to exposure of different concentration of two different 
kinds   of   pesticides.   Tripathi   et   al.   (2003)   also   reported   that   fish   exposed   to   Dimethoate 
(organophosphate) exhibited decreased nucleic acid (DNA and RNA) content. Related results was also 
reported by Wu and Or (2005), and the RNA:DNA ratio was most sensitive, and decreased significantly 
(by 50 to 86%) following exposure to 4.5 and 3.5 mg O2 l–1 for 1 week. Peakall (1992) reported that 
RNA/DNA  ratios  are  useful  but  non-specific  indicators  of  recent  growth  and  general  nutritional 
conditions in a variety of animals including mollusks, crustaceans and fish. Furthermore, RNA/DNA 
ratios were positively correlated with the somatic growth (Sambhu and Jayaprakas, 1997). 

 
CONCLUSIONS 

From the above results and interpretation it can be concluded that the RNA/DNA ratio is precious 
indicator for the well being of the fishes i.e., growth and development, as it was observed that ratio was 
highly affected due to exposure of  pesticides and endocrine disrupting compounds. The group of fish 
treated with DEHP showed significant decrease in RNA/DNA ratio in high dose. This needs to be 
explored further requiring a keen research to justify the relation of fish growth and the reproductive 
development in fishes after exposure of several EDCs compound. Moreover from the above study it can 
be concluded that due to exposure of toxic EDCs there is gradual loss in RNA/DNA content in muscle 
which alleviate the nutrition level of fishes. 
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