Al-Azhar J. Agric. Res., Vol 35
PP 35-52, (June), 2002

EFFECT OF SYNTHETIC MALE HORMONE ON
PHENOTYPIC SEXUAL DIFFERENTIATION
OF NILE TILAPIA (OREQOCHROMIS NILOTICUS)

A.S. Sadek; U.M. Ali and Maie F. Ali

Poultry Production Dept., Fac. of Agriculture, Ain Shams University, Egypt.

ABSTRACT: The effect of the synthetic male hormone
17 a-methyltestosterone (MT) on phenotypic sexual differenti-
ation in Nile tilapia Oreochromis niloticus was studied. Fourty
five hundreds sexually undifferentiated Nile tilapia fry were di-
vided into four experimental groups and control, 60 ppm MT
was added to the feed and fed to 7-day old fry for the 1st and
2nd groups, and for 14-day old fry for the 3rd and 4th groups.
The hormonal treatments were terminated after application.
Fry were fed at approx. rate of 20% of body weight twice dai-
ly. At 100 days of age fish were dissected, the gonads were
classified on the basis of microscopic appearance. The dissect-
ed gonads were stained by aceto-carmine squash inethod,
Orvarian tissue was positively identified by the presence of oo-
cytes. Feeding Nile tilapia (Oreochromis niloticus) fry at 7days
of age on diet added to it synthetic male hormone resulted in
higher body weight, total boedy length, body weight gain,
growth rate and survival rate then control, The hormone treat-
ment resulted in male population ranged from 79.4 to 98.9% as
compared to 53% for the control.

Key words: Monosex, sex differentiation, Nile tilapia, growth
rate, survival rate.

INTRODUCTION

With ever-increasing need for cheap sources of protein to meet the
world's overpopulation more and more attention is being focused on fish
farming. In the developing countries where the problem is acute. tilapias
culture is believed to offer one of the solutions especially in view of the de-

pletion of existing fisheries.
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The production of tilapias has long been hindered by over crowding of
young that cause competition for the available hod and suppress growth of
the entire population (Macintosh et al., 1985). In order to overcome the un-
desirable traits in titapias culture, hormonal sex reversal serves as a valuable
tool to induce monosex populations. In Nile tilapia the first attempt to exper-
imentally induce sex reversal was carried out by Jabber et al., (1974). This
method prevents the unwanted reproduction and produce all male popula-
tion which has reater growth potential and ensures better meat quality (Shel-
ton et al, 1978). Steroids have been used for sex reversal in economically
important species (Pandian and Sheela 1995). The efficiency of naturally or
synthetic male hormone androgens on reversing the gonads of genetic fe-
male. can be arranged in the following orders: minolerone > 19 norehyl tes-
tosterone > 17-a-methyl testosterone > testosterone (Pandian and Sheela
995).

Several investigators reported that feeding tilapia on diet added to it 17
o-NT produced all male population (in Nile tilapia 30 ppm Jalabert et at,
1974 Ii. Sarotherodon niloticus 30 and 40 ppm Tayamen and Shelton, 1978;
60 and 120 ppm Chambers 1984 and Bocek et al., 1992).

In Nile tilapia (Oreochromis niloticus), sex occurred at 30 and 33 d post-
hatch (when fry body length ranged from g to 12 mm (Alvendig- .Casaway
and Carion 1988). While Nakamura and Nagahama (1989) observed that the
intial testicular differentiation occurs at 23 to 26 d of age. More recently,
Magouz et al. (1997) obtained all male population of Nile tilapia when they
started the androgen treatment at 4 d of age.

Duration of treatment is one of several critical factors that are necessary
for successful sex reversal in fish. It varies according to species. In tilapia
Hunter and Donaldson (1983) reported that the proper duration for achiev-
ing 100% male ratwed from 15 to 60 d. Recently Bocek et al (1992); Phelps
and Cerezo 1992 obtained 100% male when fry were fed diet containing
male hormone for 28 d while Magouz et al 1997 obtained the same results
by feeding male hormone for 2/- d.
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Several investigators found that tilapia fry treated with hormone had
higher survival rate than the untreated control (Shelton et al 1981 and Phelps
etal, 1992, 1 contrast, to the aforementioned studies. Varadaraj and Pandi-
an (1991) reported positive correlation between morality rate in tilapia and

the dose of the MT hormone.

Some studies on the effect of hormonal treatment on growth of fish, Ku-
waye et al., (1993} in tilapia reported an increase in rate of growth of hormo-
nal treated tilapia fry. But not with Mc Andrew and Majundar (1959) who

showed that androgens had no effect on growth .
The present study was conducted with the following objectives:

1- To study the effect of atiding synthetic anabolic male hormone 17 o -
methyl testosterone on phenotypic sex differentiation of Nile tilapia (Or-

eochromis niloticus).

2- To further observe the effect of duration of treatment and fry age on the

phenotypic sex differentiation in Nile tilapia

3- To demonstrate the effect of hormonal treatment on growth potential and

survival rate of Nile tilapia.
MATERIALS AND METHODS

Broodstock maintainance:

Outdoor spawning concrete ponds were used in this study. Oreochromis
niloticus brood fish were placed randomly with average weight 250 g for fe-
male and 350 g for male. Fry were fed on a pelleted commercial diet con-
taining 25% crude protein, 4.1% crude fat, 5.5% crude fiber and 2044.5 kcal
ME and fed at a rate of 3% of their biomass twice daily, 4500 fry were har-
vested, and transported to 60 liter aviated aquaria with municipal water
which was processed against chlorine using 3 mg/l. sodium thiosulphatc
(Boyd, 1988}., (Table 1.},
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Table t: Water analysis of broodstock concrete ponds.
Water parameter broedstock Manicipal water
Concrete ponds

Temperature: C 27-30: C 26-28:C
ot 8.0-8.5 7.75
Oxygen 353 4.0
Total dissolved solids { TDS ) 0.45 0.1

Total alkahinity (as C, CO5) 365 150
Total hardiness ( as C, COy) 202 t6o
Ammonium { NHy ) ! [
Ammonia { NHz ) 0.54 0. 54
Nitrte ( NO7) 00 00
Nitrite { NO; ) 0.15 0.17

A stock selution contatned 60 ppm 17 o -MT was prepared according to
Guerrero (1974). Fry were fed on a formulated diet 2.7% crude fat 3.6%
crude fiber 2505 kcal ME. One kilogram from the aforementioned finely
grind feed was thoroughly mixed with one liter of hormone solution, then
the hormone treated feed was kept on plastic sheet at room temperature 29°
C for 24 h to dry.

Fourty five hundreds undifferentiated Nile tilapia fry which were count-
ed by number were divided into four experimental groups and control, 900
fry in each. For the first and second groups, 7 days old fry were fed on 60
ppm MT treated feed for 21 and 28 days. respectively. For the third and
fourth groups. 14 days old fry were fed on 60 ppm MT treated Feed for 21
and 28 days, respectively. Fry age was determined according to absorption
of yolk sac. The fry of control group were divided intowo subgroups, one
was fed on diet without hormone and solvent and the other was fed on etha-
nol treated feed and was utilized as a vehicle control. Fry were fed at ap-
proximate rate of 20% of body weight twice daily.

The daily ration was calculated on basis Popma and Green (1990} that:

W =0.02 X (L)
Where:
W Body weight per 1000 fry in grams.
L = Average total length of fry in mm.
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Aquaria were partially exchanged. it's water everyday by siphoning to
eliminate the wastes. Five hundred liters fiber glass tank was filled by mu-

nicipal water for manual exchanging water of aquaria.

Water temperature. was maintained at (27 °C £ 1°C) using a thermostatic
control system provided with 14 h daylight. The green house ponds were
used to ﬁlace try wintering. At 49 days of age, the fish of all treatments were
placed at the same time in the green house as well as the controls.

Tilapia performance
Fry were weighed at weekly intervals and the total body weight gain was

calculated and mortality was recorded.

Total body length of fry were determined using a petri dish and a ruler
and the total weight gain was calculated and mortality was recorded.

Determination of the sex:

Fish were dissected at 100 days old as either testes or ovaries and the gon-
ads were classitied on the basis of microscopic appearance using magnifica-
tion of 10 to 50 and stained by aceto-carmine squash method according to
the technique described by Guerrero and Shelton (1914).

Statistical Analysis:

Data were subjected to one way analysis of variance with treatment ef-
fect using the General Linear Models (GLM) procedure of SAS User's
Guide, (1994) Chi-square test was used to determine the difference in the
data of sex ratio T-test was used to determine significance of difference (P
<(.05) between group means. The Data were analyzed by the model:

Yig =H+ A+ P+ A% P + By
where:

U = over all of mean,

A, = effect of age.

P. = effect of duration of hormonal treatment.
A* P, = effect of interaction

E. experimental error.
ik
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The total body weight gain was analyzed using PROC. REG, SAS,
User's Guide, 1994 by the model: Yij=u + T, + E;

where:
i = overall of mean,
T =effect of treatment,
E, = experimental.error.

Duncun's multiple range test was used to determine significance of Jif-

ference in total body weight gain.
RESULTS AND DISCUSSION

Effect orandrogen on the phenotype of the sex:

Table (2) presents the percentage incidence of males and females of Ore-
ochramis niloticus fry fed experimental diets. The male population for the
treated fry ranged from 79.4 to0 98.9% for the hormone treated groups com-
pared with 53.0% male for the control groups. The difference in percentages
of male between the hormonal treatments and control groups was significant
(P<0 05) by Chi-square test.

It is readily seen from Table (2) and Figure (1), that the highest male per-
centage 98.9% was recorded for 7 days old fry that were fed on diet contain-
ing 60 ppm 17 o— MT for 28 days (T2} and the lowest percentage 79.4% for
14 days old fry that were treated for 21 days { T3). The difference between
the two groups was insignificant.

There is a positive relationship between sex reversal and length of treat-
ment irrespective of the age of the fry at the beginning of the treatment (ini-
tial age) and within the duration of treatment the same relationship between
the age of the fry at the beginning of treatment and sex reversal was report-
ed.

Either control group with ethanol (VC) or the control group with no etha-
nol (C) resulted in equal percentages of phenotypic male approximately
53.0%. The difference between (VC) and (C) groups was not significant
(P<0.05) as presented in table (2), and Figure (1).
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In the present study, it is evident that the duration of hormonal treatment
was more effective in conrolling the phenotype of the sex than the age of the
fry at the beginning of treatment (initial age) in Nile tilapia (Table 2).
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Fig. (1): Effect of hormonal treatment on producing all male
Oroechromis niloticus fry.

Table 2. Incidence of males and females Oreochromis niloticus fry
ted
on diet supplemented with synthetic male hormone

X2 Treatment percent incidenrce No. sample
. Male Female
0.36 C 33.00 47.00 200
055 Ve 53.45 46.55 174
74 46" TI 92.31 7.69 206
87.04° T2 98.90 1.10 182
3349 T3 79.38 2062 194
80.40° T4 9418 5.82 206

*Sigmificant {p<0.93)

This shows that the length of the hormonal treatment period could be the
major important factor in producing the high percentage of male in tilapia
species. '

41



A.S. Sadek, et al.: Effect of Synthetic Male Hormone.

These findings agree closely with those of Hiott and Phelps (1993) who
reported that the duration of treatment had a greater influence than initial
age for producing phenotypic sex reversal in Nile tilapia. in contrast to the
aforementioned findings, Magouz et al, (1997) showed that the percentage
of phenotypic males was not significantly affected by the length of the hor-
monal treatment in Nile tilapia. Nakamura and Takajashi (1973) stated that
sex reversal is assumed to be most effective if hormonal treatment coincides

with the period of gonadal differentiation.

Therefore it appears that till now the results are equivocal; some studies
reported that the duration of hormonal treatments is more effective i induc-
ing phenatopic sex differentiation in the fry of Nile tilapia ( Oreochromis ni-
loticus ) that the age at the beginning of treatment, whereas others found
equal effects for age at the beginning of treatment ( initial age ) and the

duration of treatment on sex ratio of treated fish.
Effect of hormonal treatment on Mortality:

Means £SE survival rates of fry Oreochromis , Niloticus on experiment-
ed diet were 87.6% (C), 92.45% (VC). 91.47% (TI), 92.35% (T3), 93.92%
(T2) and 93.21% (T4). Although the differences in survival rates between
VC, TI, T2. T3 and T4 were insignificant, still these differences were statis-
tically significant from the control without vehicle (C).

The long periods of treatments 28 d (T2 and T4) with relatively high lev-
el of 17 oo MT (60 ppm) resulted in high survival values rates.

On the contrary, the results reported by Varadaraf and Pandian (1991) in
Mozambique tilapia (Oreochromis mossambicus) who showed negative re-
lationship between androgen (MT) concentration and the survival rate re-
gardless of the duration of treatment . Also. Pandian and Sheela (1995)
reported that treatment with synthetic steroid hormones resulted in

decreased suivival rates in most tilapia species.

The difference between result of the present study and the above men-
tioned studies may be due to different experimental condition or different

strains of tested tilapias.
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Effect of hormonal treatment on tilapia growth performance:

Body weight: Averages body weigh of Nile tilapia (Oreochromis niloti-
cus) fry fed on experimental diet are presented in table (3). The one way
classification of analysis of variance shows significant differences (P<0.05)

in body weights between treatments.

The average body weight of Oreochromis niloticus fry treated with 17 o
MT. experimental period were 748.2, 713.9 and 600 mg for T2, TI and T4,

respectively.

However, the lowest mean body weight 500 rng, was for fry treated for
only 21 days *T3 with male hormone but still was higher than those of C
and 'IC groups, 308 and 286 respectively (Table3).

However, smaller body weights were recorded for fry that were fed on
diet wfth male hormone at 14 days of age regardless of the duration of treat-

ment.

The present results are in agreement with results of Panadin and Sheela
(1995) who stated that inducing sex reversal was assured by 100% growth

potential.

It is clearly noted that feeding tilapia fry on synthetic male hormone re-

sulted in higher growth rate than the untreated ones.

Generally, it is evident that the fry fed on diet containing to it MT (60
ppm) from 7 days old had higher live body weights than others whether the

duration of treatment was 21 or 28 days (figure 2).

The average weight of tilapia in the present study was positively correlat-
ed with the amount of hormone in the feed. Therefore it appears that the
male hormone induced anabolic enhancement of growth when administered
for long period. Furthermore, the male hormone might as an influence on so-
matic growth, increased appetite and food conversion of Nile tilapia fry

throughout the experimental period.
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Table 3. Means ( X+SE ) of live body weight { mg } of Oreochromis

nifoticus fry through the experimentnl period.

d C vC T1 T2 13 14

0 11.32410.5

7 22876:0773°  23.325:0.642° 28.92540.537 27 42740, 462" 26.76+0.625° 28 21920, 598"
14 338H3+] 184° 34911211278 40.06240.475" 44.98940).503" 36,5030.837 37.3430.752°
21 40403x1.419%  39.683£1.605° 55.202:+1.358° 64.056£] 85* 44.06+0,742% 46.337+1.264°

28 - 46.805+} 848° 44.612+1,774" 107.713+2 415" - 98 445+1.381° 90.373+2.208° 9495341 097
35 79.65+2302° 79.40242.036° 185.945+3.784" 166.069240578°  137.779+2 894 153.63243.377°

42 117.95142716°  117.5143.243° 356.478+6.857" 313.552:5.7177° 246.964+3.359° 280.59843,962°
56 307.849+647%°  286.12848.921° 713.929+11.256 748.237415404°  500.087+10.442° 608,839+ 1(1.618°

Means in the same raw with the same leucrs are not significantly different (P<0.03).
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Fig. (2): Effect of hormonal treatment on live body weight of Greochromis nilvticus
through the experimental period.

Tabie (4). Means of total bady Tength (mm) (X+SE) of Oreockromis nloticus fry through the experimentat period.

Wk C

yC

T3

T4

[
I 10.4220,112°
2 11.99310 (35¢
3 12.590.15"

4 13210 18°
h) [5 80740, 156°
6 L&.0440.T38°
7 24 84201747

10.520,098°
12.0+1.13"
12.5+0,168¢
13 0+0.1729
15840137
18000 167
24.240.252°

11 T2
8.240.144

11.3+0.069" iy 140062
12,620.05" 13140 048"
14,040 116° 14.7£1.F44°
17.5¢0 137° 17.040.079"
21.040.143° 20.2+0. 186"
26.1+0,168° 25.0+0.156"
32,940,172 12 440 735

11.040,086
12240094
13.0£0.073%
16.540.136°
19040, 351
23.1£0.104¢
29,240,206

11240079
12.3£0.083°
13240 121°
16 80065
19 7400 145°
24.087£0 1068
31190, 182"

Means in the same raw with (he same leitess are not sipnificantly different (P<0.05).
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Fig. (3): Effect of hermonal treatment on total body length of Oreochromis niloticus fry
through the experimental period.

Total body length: Table (5) shows that the averages total length (mm) of
7 days old Nile tilapia fry treated with MT (T2 andTl} were the highest, fol-
lowed by T4, T3 and the controls respectively. The difference in total body
length between the hormonal treatments was significant (P<0.05). It is readi-
ly seen from figure 3 that T2 and TI could he identified as one group with
the longest total length,

Total body weight gain: Effect of 17 0— methyltestosterone on total body
weight gain of Nile tilapia fry through the experimental period is presented
in figure (4).

The difference in total body weight gain between groups were highly sig-
nificant (P<0.000 I) (Figure 4). ‘

These result clearly showed that the 7 days old fry fed on diet supple-
mented with MT at 60 ppm/kg feed, resulted in higher total body weight
gain followed by fry fed on treated diet at 14 days of age compared with un-
treated controls (Figure 4). Tt is clearly noted that gain in weight of fry fed
on hormonal treated diet for 28 days were significantly higher than those fed
for 21 days.

The present results are in agreement with the findings of McBride and
Fagerlund (1973). They found significant weight gains in juvenile coho sal-
mon fed on diet treated androgen hormone,
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These results are in disagreement with Cannain and Lovell (1991lb) who
found that channel catfish fry weight gain fed on the control diet was higher
than that of those fed on the treated diet. However, Perry and Wilson (1976)
reported no differences in total body weight gain of treated and untreated

channel catfish.

Shelton et al.(1978) stated that the bénefits that would be gained by cul-
ture of all male tilapia include:- (I) reproductive control and therefore no re-
duction on growth because of crowding by the offspring. (2} increased pro-

duction because males inherently grow faster than females.
Effeet of Initial age X Duration of treatment on growth parameters:

The data show that the effect of initial age of fry during the experimental
peried is significant (P<0.03). The effect of duration of hormonal treatment
is significant (P<0.05) in the first half of treatment period but it become in-
significant in the second half n the last Wk of experimental period. The el-
lect of initial age X the duration of treatment is insignificant in the first three
Wks. but i1 is significant (P<0.05) in the last four Wks.
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TWG =Total weight gain
FBW = Final body weight at 7 week of age.

g.(4): Effect of hormonal treatment on total body weight gain of Nile tilapia
(Oreochromis niloticus) fry through the experimental period.

47

Fi



A.S. Sadek, et al.: Effect of Synthetic Male Hormone.

From these results, it can be noted that the initial age was more effective
than duration of hormonal treatment on body weight of Nile tilapia during
and after hormonal treatment, wherease there are interaction effect between

initial age of fry and duration of hormonal treatment.

Table (5). Tow way classification of variance of body weight of
(reochromis nifoticus fry through the experimental period.

Bet . Ages Bel. Periods Age X period
Wk MS F MS F MS F
| 4714 1,34 0.0327 0.00 66.7819 6.
2 ud1,6402 92.89* 2493218 11.36% 1252768 317
3 6247.613 104.36*  929.1881 13.56% 32494 543
4 32545834 31.99+* 164.877 162 1438, 1148 L4 {4*
3 273633079 83.94%  122.5757 (.38 95813963 29 nR*
6 133083.62 2435.82% 7044146 1.13 4442208106 71.353%

34955117 43.16%  11365.2019  11.69*

n

7 9358440306 263.11* |

*Significant (P<0.03)
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