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Introduction

Nile tilapia (Oreochromis niloticus) is an important fish species

in aquaculture. However, the problem in its culture is over-population

in ponds caused by uncontrolled reproduction. A solution for this

problem is the production of monosex male population that can be

produced by a number of means (Mair and Little, 1991; Singh and

Pandey, 1995; Devlin and Nagahama, 2002). There are many

techniques developed for monosex male population of fish (Krisfalusi

and Cloud, 1999; Devlin and Nagahama, 2002; Cnanni and Levavi-

Sivan, 2009). The two most commonly used techniques of monosex

fish production are hormones and hybridization. Hormonal sex

reversal can be induced by treatment with exogenous sex steroids

during the labile period of sex differentiation. Hormone administration

methods for sex reversal of fish have been tried through (i)

implantation, (ii) immersion and (iii) oral administration (Hunter and

Donaldson, 1983). Different species of tilapia have been reported

to cross-bred to produce monosex e.g., O. niloticus × O. viriabilis,

O. nigra × O. urolepis hornorum, O. vulcani × O. hornorum and O.

vulcani × O. aureus (Beardmore et al., 2001; Kim et al., 1993; Lee

et al., 1996).

In the previous studies, monosex population of male tilapia

has been reported with the use of 17- � methyltestosterone (17- �

MT) at a treatment regime of 10 mg kg-1 food for 30 days

(Chakraborty et al., 2007 and 2009) and 35 mg kg-1 feed under

long photoperiod (16L:8D) (Singh and Pandey, 1995) . However,

use of steroids in aquacultures is not desirable and it is avoided in

many countries including US, on account of its adverse environmental

effects (Wohlfarth, 1994). Exposure to various inhibitors of

steroidogenic cytochrome P450s (CYPs) such as fadrozole,

tamoxifen, leterazole and others are recently reported in rainbow

trout (Onchorhynchus mykiss), black bogy (Gobius niger), Japanese

medaka (Oryzias latipes), bagrid catfish (Pseudobagrus fulvidraco)

for manipulating sex (Guiguen et al., 1999; Park et al., 2003; Sun

et al., 2007a, b; Maradonna et al., 2009). Therefore, sex reversal
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Abstract

The effect of different doses of anti-estrogenic chemical was studied in a cichlid Oreochromis niloticus on

mortality, growth, sexual development and sex differentiation. Percent mortality (5, 10 and 10) appeared to

be dose-dependent.  All groups of  tamoxifen (TA) treated fishes exhibited significant growth as compared to

the controlled fishes. Immature fishes treated with TA at 200 �g l-1, showed lower gonado-somatic-index

(GSI) (male 0.137; female 0.118) than control group (male 0.138; female 0.122) of fishes. Ovarian and

testicular differentiation was adjudged by the appearance of the ovarian cavity (ovary) and the efferent

(sperm) duct (testis), respectively. Sex and sexual maturity of individual fishes were determined using

standard histological method. Tamoxifen  treatment to the fry (yolk sac absorbed stage) of Oreochromis

niloticus in the dose of 200 �g l-1 for 60 days produced 90% males and 1% intersex population. Results

suggested masculinizing action of tamoxifen reversing the sex of genetic female tilapia.

Key words

Tamoxifen, Sex differentiation, Masculization, Gonadal structure, Oreochromis niloticus.

Publication Data

Paper received:

09 February 2011

Revised received:

18 August 2011

Accepted:

16 October 2011



800

Journal of Environmental Biology ����July 2012����

Ruchi Singh et al.

Table: 1: Effect of tamoxifen on mortality and growth of Oreochromis niloticus.

Treatment Mortality Total length Body weight       Gonado-somatic-index Specific growth rate

groups  (%) (cm)*  (g)*     (GSI) (SGR %)

Male      Female       Male       Female

0 5 6.73 ±  0.61 6.7 ± 1.41 0.138 ±  0.036 0.122 ± 0.015 3.298 ±0.121 2.004 ±0.089

T1 5 8.29 ± 0.71 8.1 ± 1.96NS 0.127 ± 0.060a 0.100 ± 0.012a 3.465 ±0.126a 2.142 ±0.110a

T2 10 7.97 ± 1.30 7.1 ± 1.66a 0.133 ± 0.052a 0.103 ± 0.022a 3.333 ±0.119NS 2.046 ±0.103NS

T3 10 8.47 ± 0.53 8.5 ± 1.08 0.137 ± 0.038NS 0.118 ± 0.007a 3.585 ±0.143a 2.176 ±0.106a

* Values are mean ± SD: NS-Not significant; a-significance level P< 0.01

in tilapia O. niloticus was attempted using a non-steroidal substance

tamoxifen. The main objective of this study was to determine the

potential, dose and duration of tamoxifen treatment for producing

monosex male population in tilapia.

Materials and Methods

Fish species and experimental design:Newly hatched fry of

Nile tilapia (O. niloticus) was obtained from the pond breeding

stock at Butler Palace, Lucknow, India. Prior to acclimatizing them in

the laboratory, they were treated with potassium permanganate

(5ppm) for removal of any fungal infection and killing bacterial

pathogens. Fishes were maintained in aerated polyethylene troughs

(200 l capacity) at temperature 26±1°C by using good quality

thermostat heaters. All fishes were kept under the normal

photoperiodic regime of 12 hr day light and 12 hr dark. Fishes

were fed twice a day with commercial flaked food (Taiyo grow,

Taiyo Pet Productions Pvt. Ltd). Subsequently, the  fry were also

fed with plankton collected from the fish farm of the institute, once

daily at noon.

Ten days post hatchlings yolk sac absorbed fry were

divided into four groups (100 in each group, mean length 0.68 cm

and weight 0.37 g) and reared  in water treated with 50 (T1), 100

(T2) and 200 (T3)�g l-1 doses of tamoxifen (Sigma Chemicals Ltd.)

for 60 days. One group served as control (C). The stock solution

was prepared by dissolving tamoxifen (TA) in methanol and then

diluting it with distilled water. The required quantity of the stock

solution of tamoxifen was added in the aquaria water for 60 days at

the time of change of water (every third day). The mortality in fishes

was noted to calculate the survival percent.  Length and weight of

each group of fishes were recorded using caliper scale (Aerospace,

India) and a digital electronic balance (Denver Instrument, Germany)

and the specific growth rate (SGR %) was calculated by subtracting

final weight from initial weight and dividing by the number of days.

 The gonads were removed during the growth period and

taken on a blotting paper to remove the excess moisture and

weighed. The gonado-somatic-index (GSI) was calculated by

dividing weight of gonads with fish weight and multiplying with 100.

The gonads were excised and squashed with acetocarmine to

determine the sex of fish (Guerrero and Shelton, 1974).

Ten fishes of each group (both treated and control) were

scarified by anaesthetizing with 0.01% tricaine methanesulfonate

(MS-222, Sigma Chem. Ltd. USA). The gonads were dissected,

excised and fixed in Bouin’s solution.  The fixed tissue were

processed, dehydrated, and embedded in paraffin wax ( 58-60°C).

Serial sections of 5-6µ thickness were cut using a rotary microtome

(Lieca., Germany). The sections were stained with hematoxylin

and eosin (H & E), and examined under a compound microscope

(Olympus Co. Japan).

Statistical Analysis : The data of this study were statistically

calculated and expressed as mean ± standard deviation (SD). The

statistical significance’s’ test was calculated by using Statistix 8.1

software.

Results and Discussion

The experimental fishes (T1, T2 and T3 treatment groups)

were found healthy throughout the observation period and mortality

in the fish was observed in the range of 5-10%. Higher mortality

(10%) was observed in higher dose of TA treatment i.e. it affected

on the survival of fish (Park et al., 2003). Growth in terms of total

length and body weight of experimental fish was little increased in

case of TA treated group of fishes as compared to the control

fishes which obtained 6.7g weight after 60 days. The TA treated

fishes obtained 8.1 g in the treatment dose of 50�g l-1, 7.1g in the

treatment dose of 100�g l-1 and 8.5g in the treatment dose of

200�gl-1in the same period. Tamoxifen tended to increase body

weight but the changes were not significant when compared with

control value (Table 1). Total length of  50, 100 and

200�g l-1of TA treated series showed no significant difference,

although difference in body weidgt was observed between control

and treatment groups. In the fish treated with TA in the dose of 50

�g l-1, gonad GSI was 0.127 for male, 0.100 for female. GSI for TA

treatment in the dose of 100�g l-1 was 0.133 for male, and 0.103

for female. GSI for fishes treated with 200�g l-1 TA was 0.137 for

male, 0.118 for female. In case of control fishes, GSI for male fish

was 0.138 and 0.122 for female (Table 1). Gonadal growth (GSI)

was found to be an easily measured endpoint for assessing the

potential for chemical effects to tamoxifen on gonad development

and thus impact on reproductive development (Pantera et al.,

2004). The ovarian weight and GSI was depressed in TA treated

fishes. Our results corroborate with the findings of Hines and

Watts (1995), where TA was evaluated as a feed additive to

regulate the sex-ratio. Similar reports are also available in other

fish species (Hulak et al., 2010).
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Fig. 1(A-D): Showing gonadal structures of O. niloticus after tamoxifen treatment (A) Ovary of control O. niloticus showing post ovulatory follicle, zona radiata

of chorion (Zr), Nucleus (N),  Perinuclear stage of oocytes (P), Nucleolus (Nu), Chorion (C) and cortical alveolar oocytes (CA). Scale bar- 20µm and 100µm

(H and E),  (B) Histological view of testis of O. niloticus showing Sertoli cells (Sc), Spermatogonia (SG) and Spermatid (ST), (H and E stain). Scale bar- 20µm

and 60µm,(C) Photomicrograph of intersex O. niloticus after treatment with 100�g l-1  TA showing numerous spermatids (S) surrounding the ovarian follicle (OF),

ovary contains numerous spermatids surrounded the ovarian follicle. Scale bar- 60µm, (D)Testis of monosex O. niloticus (200�g l-1 dose of  TA), showing the

bunch of spermatozoa (SZ), cysts with multiple type of spermatogonia (SG), Arrow (�) shows the degeneration of seminiferous tubules. Scale bar- 100µm.

In tamoxifen treatment group, histological observations

indicated clear cut difference from the control group. Histological

structure of testis of TA treated fish showed different stages of male

spermatogenesis and was distinguishable as juvenile stage which

contained only nests of spermatogonia, and testes at maturation

stage contained full spermatogenic activity including spermatozoa in

the seminiferous lobule lumen. In controlled condition cross section

of testis showed ductus deferentia, tunica albuginea.

Microphotographs of testis revealed presence of sperm development

spermatogonia, spermatids and spermatozoa (Fig. 1B). The testes

of TA treated fish showed disorganization of tubular elements with

increased intercellular space, seminiferous tubules degenerated

when treated with 200�g l-1 TA(Fig. 1D). Tamoxifen induced

multinucleated giant cells and germinal epithelial sloughing in a

dose-dependent manner. Such changes in testicular structure have

been reported to be detrimental to male fertility in rat (Urban and

D’Souza, 2003). In fish, Sun et al. (2007 b) found that high dose of

TA (625�g l-1) detrimentally affected the fecundity and fertility of

Japanese medaka (Oryzias latipes).  In intersex condition numerous

spermatids surrounded by the interspaces of ovarian follicles were

observed (Fig. 1C). The structure of ovary after treatment of

200�g l-1 TA was not as clear as in controlled fish. In controlled

condition, immature ovary showed the perinuclear stage, cortical

alveoli formation stage and vitellogenic stage (Srijunngam and

Wattanasirmkit, 2001). In perinucleolar stage, the number of nucleoli

increased and arranged along the inner side of nuclear membrane.
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Table 2: Effect of tamoxifen on sex reversal of Oreochromis niloticus.

Frequency (%)            Treatment groups

   C      T1     T2     T3

Total male 54 70a 74a 90b

Total female 46 30b 25b 10b

Total intersex 0 0 1 0

Significance level: a-P<0.01; b-P<0.001

Nucleus was large and surrounded by increased mass of cytoplasm

(Fig.1A), cortical alveoli formation stage characterized by the

appearance of clear vesicles in the cytoplasm. In this stage, a thin

acidophilic zona radiate was visible. Columnar or cuboidal layer

surrounded with stratified squamous thecal layer and follicular layers

were also seen. In vitellogenic stage, oocyte size was found

increased. The nucleus was convoluted and follicular layers were

well developed. In TA treated female fish, ovular cells were not

clear. Yolk vesicles were surrounded by the nucleus of ovule.

In this study, effect of tamoxifen was evaluated in O. niloticus

with an objective to produce monosex or sterile population with

better growth performance.  Tamoxifen treatment to tilapia in the

dose of 200�g l-1 produced 90% male without any significant

mortality in fish as compared to control value while almost equal

number of male and females (54% male and 46 % female) were

present in the controlled group (Table 2). The occurrence of male

frequency was significantly (P<0.01) higher (90%) in the 200�g

l -1 TA treated

group (Table 2). One intersex individual was observed in the

differentiation was blocked by the action of a non-steroid tamoxifen

thereby reversing the genetic sex.
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