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Abstract: In the present study, we investigate the efficacy of Fadrozole, a potent nonsteriodal aromatase inhibitor 
(AI) incorporated into the feed on sex reversal (Monosex population) of Nile tilapia (Oreochromis niloticus). Nile 
tilapia larvae were classified into eight groups, which fed diets contained different levels of Fadrozole (0, 50, 100, 
200 mg/ kg) for 14 and 28 days, starting 7 days after hatching (dph). After 28 days, fries were transferred to  tanks 
(80 liter). Fish were weight at 28 days and after 12 weeks.  All growth parameters were calculated. Results of this 
study revealed that, groups treated with Fadrozole for 14 or 28 days recorded increases the proportion or percentage 
of males' production than control groups. While the groups fed high levels of Fadrozol (100 and 200 mg / kg) for 28 
days produced the highest proportion (95% and 98%) of males' production than for 14 days. There were 
improvements in weight gain and feed conversion ratio with groups fed diets contained high levels of Fadrozole. 
The microscopical findings of Fadrozole treated tilapia revealed few numbers of true juvenile hermaphrodite larvae 
with both gonads. Chromatin nucleolar stages of oocytes were seen next to testicular tissue. The majority of tilapia 
was differentiated to testes which contained all spermatogenetic cells in the testicular lobules .Some tilapia showed 
ovary with chromatin nucleolar, perinucleolar and cortical alveoli formation stages of oocyte. The vitellogenic and 
ripe stages of oocyte were not detected. In conclusion, Fadrozol, nonsteriodal compound induces monosex 
population of Nile tilapia larvae through suppressing aromatase activity. 
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1. Introduction 

All of the tilapia commonly grown for food 
fish is mouth-breeders. The main problem in tilapia 
culture is that females grow slower than males; early 
sexual maturation of females diverts energy from 
growth to reproduction, uncontrolled reproduction, 
overcrowding lead to stunt in tilapia growth making 
them unmarketable. Fish have a bisexual gonad (i.e., 
the pressure of ovarian and testicular tissues in 
gonad) in the male phase before they change to 
females (Lee et al. 2001). All male populations are 
desirable, because males demonstrate superior growth 
characteristics compared to females. Moreover, 
culture of monosex populations prevents 
reproduction and results in a uniform size. Fadrozole 
is a nonsteriodal aromatase inhibitor, which binds 
reversibly to the enzyme and has been shown to 
reduce estrogen biosynthesis in vivo and in vitro in 
mammals (Steele et al. 1987), in chicken (Elbrecht 
and Smith 1992) and in fish (Afonso et al. 1999).  
Fadrozole has also been shown to influence sex 
differentiation increasing male production in fish 
(Kitano et al. 2000). The objectives of this study 
were to investigate the effect of nonsteriodal 
aromatase inhibitor on sex reversal and growth 
performance of Nile tilapia (Oreochromis niloticus) 
Larvae. 

 
2. Materials and Methods 

For fry production, 224 breeding Nile tilapia 
with average body weight 250-300 gm were stocked 
in clean concrete ponds (3 X 1 X 1 m), each pond 
divided into two parts (one third part for fries 
collection and the other two third part for brood fish) 
by metal partition with nets of pores 5mm for 
migration of fries from brood fish. The fish were 
classified into four groups each group contained 56 
fish at a ratio of one male to three females tilapia. 
The collected fry at 7 days post hatching were 
divided into eight duplicate groups (60 fry/group) and 
kept in glass aquaria (30 liter). The daily mean water 
temperature and dissolved oxygen concentration ( 
July - August 2011 ) were 27°C ± 2.3°C and 5.4± 0.6 
mg/L respectively under constant aeration. For 
determine the effective different doses of AI 
Fadrozole (Novartis, summit, NJ), three 
concentrations (50, 100 and 200 mg/kg diet) were 
prepared, which mixed with the commercial diet 
(38.4% C. protein, fat 9.3%, 3233 ME (kcal/kg) and 
fed to fish larvae for 14 and 28 days, starting 7 days 
after hatching. After 28 days, fry were transferred to 
the grow out tanks (80 liter) under the same 
ecological condition. Fish were weight at 28 days and 
after 12 weeks.  All growth parameters as body gain, 
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specific growth rate (gm and %), feed intake and feed 
conversion ratio were calculated according to Jauncy 
and Ross, 1982. The total length will be measured 
and the condition factor was calculated according to 
Gjedrem and Gunnes (1978). For evaluation of the 
health conditions of the fishes during the 
experiments, escape, defensive, tail and ocular 
reflexes were regularly observed according to Lucky 
(1977). 

For histological examination of gonads, ten 
fish from each group (after end the experiment) were 
randomly sampled and fish gonads were dissected 
and sexed through microscopic examination using the 
gonadal sqush method (Guerrero and Shelton, 
1974).   Sex ratios were determined by examination 
of in situ (40 x) and squash (100 x) preparations after 
aceto-iron hematoxylin (Wittman, 1962) Staining. 
Sex ratio data were analyzed using the chisquare test 
(Zar, 1984). The obtained data were statistically 
analyzed for variance ANOVA, LSD (Least 
significant difference) according to Snedecor and 
Cochran (1982). 
 
3. Results and Discussion 

The present study demonstrates that the 
aromatase inhibitor Fadrozole supplemented in the 
diet induces masculinization in Nile tilapia during 
sexual differentiation period. Nile tilapia ovarian 
differentiation occurred 23-26 days after hatching 
(Nakamura and Nagahama 1985). 

Table (1) shows the percentage or 
proportion of males' production. Fish groups fed on 
AI (Fadrozole) for 28 days started at 7 dph showed 
high proportion or percentage of males' production 
than other groups fed Fadrozole for 14 day and 
control group. The percentages of male production 
were 35%, 66%, 80% and 84% in the control, 50, 
100, 200 mg Fadrozole/kg diet for 14 day 
respectively. In fish groups treated with 100, 200 mg 
Fadrozole/kg diet for 28 day recorded the highest 
percentages of male production (95%, 98%) than 
other groups. These results revealed that AI 
(Fadrozol) may inhibit or retard ovarian cavity 
formation. These results were in agreement with Ze-
xia GAO et al., 2010 and Afonso et al.,  2001, who 
found that fish groups treated with Fadrozole (75, 
100 mg/kg) increased significantly the males 
proportion. Fadrozole is a nonsteriodal aromatase 
inhibitor, which binds reversibly to the enzyme 
(Steele et al., 1987) and has been shown to reduce 
estrogens biosynthesis and increased males 
proportion in fish (Afonso et al., 1999). In the Nile 
tilapia, Kwon et al., (2000) reported that 500mg /kg 
AI diet administration from 7 to 37 dph induced 96% 
males and Afonso et al., 2001 reported 100% males 

were produced by 30 days of 75 and 100mg/kg AI 
diet treatment from 9 dph. 

The male proportion increased when 
compared with control group even at the lowest diet 
dose (50 mg/kg). The most important factors to be 
considered for inducing sex reversal are the onset 
time of treatment, the duration, the drug and the dose 
used (Piferrer 2001). The results of macroscopic and 
microscopic examination of gonadal tissues 
correlated with histological analysis. The histological 
examination at the beginning of the experiment, the 
gonads of larvae were sexually undifferentiated.   

Testes and ovaries in the control fish were 
structurally distinct. The majority of the testes were 
fully mature, containing spermatids and spermatozoa 
(Figs.1&2). Some of testes showed all 
spermatogenetic cells in tilapia testicular lobules. The 
microscopical observation in this study revealed 
different histological structure of each oocyte 
developmental stage (Fig.3). Chromatin nucleolar 
stage where the oocyte was small spherical cell 
containing a central nucleus with one to four nucleoli. 
Cytoplasm was thin layer and strongly basophilic. 
Perinucleolar stage with several nucleoli arranged 
along the inner side of nuclear membrane. Cortical 
alveoli formation stage which characterized by the 
appearance of clear vesicles (cortical alveoli) in the 
periphery of the oocyte cytoplasm. Vitellogenic 
(yolk) stage where the oocyte size increased besides 
small yolk granules were visible as a ring of deep 
eosinophilic in the cytoplasm. Ripe (mature) stage 
was characterized by the enlargement of both cortical 
alveoli and yolk granules. The oocyte size markedly 
increased with peripheral migration of the nucleus 
was observed.  The microscopical findings of 
Fadrozole treated tilapia revealed few numbers of 
true juvenile hermaphrodite larvae with both gonads. 
Chromatin nucleolar stages of oocytes were seen next 
to testicular tissue (Fig.4). Ze-xia Gao et al. 2010 
and Komatsu et al. 2006, reported that, a testis with 
some oocytes was observed in groups treated with 
aromatase inhibitor (50 mg/kg), giving it the 
appearance of having developed from an ovary.  The 
majority of tilapia was differentiated to testes which 
contained all spermatogenetic cells in the testicular 
lobules (Fig.5).Some tilapia showed ovary with 
chromatin nucleolar, perinucleolar and cortical 
alveoli formation stages of oocyte (Fig.6).The 
vitellogenic and ripe stages of oocyte were not 
detected. The treated groups' male and female gonads 
showed the same pattern as in the control group.  
These results suggest that the AI inhibits or retards 
ovarian development in groups treated with high dose 
for 28 day.  Also, Afonso et al., (2001) found similar 
intersex gonad in the Nile tilapia that received 50 
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mg/kg AI for 30 days and Komatsu et.al, (2006) 
recorded the same results with golden rabbit fish 
which fed 500mg/kg AI diet for 30 days.  

Figures (7, 8) show the body weights and 
body length of fish in different groups at four and 
eight weeks of the experiment. The figures revealed 
increase in average body weight and no difference in 
average body length of fish groups fed Fadrazole for 
14 and 28 days in compare with control group.  

The results of body weight gains, body 
length gains, feed conversion rate and condition 
factor of fish in different groups at end of experiment 
are summarized in table (2). There were significant 
differences in body weight gains between different 
groups. The highest weight gains were recorded for 
groups fed diets contained 100 and 200 mg/kg 
Fadrozole for 14 0r 28 days, gps.2, 3 (11.63g , 
12.15g) and gps.7,8 (13.54g, 14.26g). The high 
efficient feed utilization (low Value of feed 
conversion ratio) was observed with groups fed 
different levels of Fadrozole.  

Our results indicate that the improvements 
in weight gain and feed conversion ratio were 
observed with groups fed diets contained high levels 
of Fadrozole. AI-Qutob and Nashashibi, 2009 
found that, there are differences in male versus 
females growth rates in Oreochromis species, 
monosex production or even in complete female 
prevents reproduction and therefore feed energy 
could be diverted into growth instead of production 
of unwanted juvenile fish. From the same table, it 
was clear that, the higher condition factor and a good 
healthy fish were observed in group 7 (2.82) and 
group 8 (2.34), while the lowest value was recorded 

in group 1, 4 (1.67, 1, 74). These results were also 
supported by Gjedrem and Gunnes (1978) and 
Shimei et al., (2007), who,s reported that, the higher 
condition factor indicate the good nutritional state of 
fish. There was no difference in survival rate between 
fish groups fed different diets and the macro 
pathological examination did not reveal any 
pathological differences in the fish fed different diets. 
Concerning the evaluation of the health condition of 
the experimental fish, there were found that no 
changes in the normal behavior of the fish because 
the tested fish were able to respond positively to all 
tested reflexes especially the escape reflex, in which 
the fish during and at the end of the experiment were 
able to exhibit normal responses in fish pond. Lucky 
(1977) reported that sick fish do not react to external 
agitation and were not able to exhibit normal 
behavioural responses (lost of reflexes) and therefore 
can be easily caught by dip net or by hand be course 
sick fish are not energetic. There were no marked 
difference in the behavioural responses between the 
tested fish groups, which received diets contained 
diets with different levels of Fadrozole and fish of 
control groups. 

The fish reacted rapidly to external agitation 
so they quickly submerge to greater depth, swim a 
way from the water Surface and in general their 
escape movements were energetic and their general 
healthy condition were good without any changes of 
the color of the tested fish. In conclusion, the present 
study demonstrated that inhibition of aromatase 
activity by AI- Fadrozole could influence sex 
differentiation in Nile tilapia.  

 
 
Table (1): Effect of aromatase inhibitor Fadrazole in diet on sex ratios  of Nile Tilapia larvae. 
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5 Control 30 50 50 0 

6 50mg (fed./kg) 30 68 31 1 

7 100mg (fed./kg) 30 95 4 1 

8 200mg (fed./kg) 30 98 2 0 
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      Figs. (1 - 6): Histological structures of the Nile-tilapia gonads:  
 

1-  Testis from the control group showing testicular lobules filling with free spermatozoa (arrow), H&Ex150. 
2- Testis from the control group showing free spermatozoa (arrow) filling the lumen of all the lobules. Cysts with 
spermatids (arrowhead) are visible next to the lobules, H & Ex3000. 
3- Ovary from the control group showing chromatin nucleolar stage of oocyte (arrowhead) perinucleolar stage of 
oocyte (arrow) and ripe stage of oocyte with migratory nucleus (zigzag arrow), H&E.x300. 
4- Ovotestis from the Fadrozole treated group showing chromatin nucleolar stage of oocyte (arrow) next to 
testicular tissue (arrowhead), H&E.x3000. 
5- Testis from the Fadrozole treated group showing all spermatogenetic cells in testicular lobules: spermatogonia 
(arrow), spermatocytes (short arrow), spermatids (zigzag arrow) and spermatozoa (arrowhead) released into the 
lobule lumen, H&E.x1200. 
6- Ovary from the Fadrozole treated group showing chromatin nucleolar stage of oocyte (arrowhead) with a big 
nucleolus in nucleus and deeply basophilic cytoplasm, erinucleolar stage of oocyte (arrow) with several small 
nucleoli attached to nuclear membrane and cortical alveolar stage of oocyte (zigzag arrow) with perinucleoli 
attached to the nuclear membrane and cortical alveoli formed at the periphery of the oocyte, H&E.x300. 
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Table (2): Effect of aromatase inhibitor Fadrazole in diet on growth performance of Nile Tilapia larvae at the 
end of the experiment 
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Fig. (7): Effect of aromatase inhibitor Fadrazole in 
the diet on body weight development of Nile 
Tilapia larvae. 
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Fig. (8): Effect of aromatase inhibitor Fadrazole in 
the diet on body length development of Nile Tilapia 
larvae. 
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