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Abstract: This study investigated the effects of administering Estradiol Valerate (E,V) on gonadal sex
differentiation in rainbow trout (Oncorhynchus mykiss, W., 1792). Rainbow trout fry of average weight
0.324+0.02 g, 65 days post fertilization (dpf), which had just started to feed were supplied with a feed contaiming
E,V at a rate of 20mg kg™ for 8 weeks (65-121 dpf). Fish samples were taken at random at 156 days (dpf,),
170, 191, 226 and 261 days and changes in fish gonads were analyzed histologically. At 156 dpf of the
experiment, it was observed that oocyte formation had started in the fish gonads, suggesting feminization by
the admimstration of the estradiol valerate. Intersex fish were observed at 170 dpf, while cocytes had gathered
heads m gonads and sex transformation of some individuals had started at 191 dpf. Oocytes occupied the large
areas of gonads and spermatogonia disappeared at 226 dpf as at 261 dpf. At the end of the experiment, sex
compositions were 97% female, 3% intersex in the E,V administration group and 51% female, 49% female in
the control group. There were no apparent differences between control group fish and hormone-treated fish

as regards oocyte size.
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INTRODUCTION

Tn commercial fish farming, it is essential to get fish of
a marketable size as soon as possible. In rainbow trout
production, early sexual maturation of male fish 1s
considered a problem because males spend their energy
on gonad development 5-6 months after hatching, with
mmpaired growth as a result. It has been reported that
mono-sex populations of females are preferred n rainbow
trout farming because females grow faster, have a higher
Food Conversion Rate (FCR), are more resistant to
harsh living conditions and have a lower chance of
being affected by disease than males (Matty, 1985;
Ingram, 1988).

There are many benefits of sex control practices in
fish breeding. Administering sex hormones in the first
phase of fish life 15 one of the most effective methods of
changing the relative distribution of the sexes within the
population (Yamamoto, 1969). Much research into sex
change has been reported for rainbow trout and
salmon. For example, Johnstone et al. (1978) reported
that estradiol admustration with feed yielded 89% female,
9% male and 2% intersex fish in rainbow trout.

Goetz et al. (1979) reported that the dietary admimstration
of 17 P-estradiol (10mg kg~ food) yielded 54.2% female,
18.1% male and 27.7% intersex fish in coho salmon
(Oncorhynchus kisutch). Tohnstone et al. (1979) reported
99% female and 1% intersex fish in Salvelinus
fontinalis after admimstration of 17 B-estradiol at a rate of
20 mg kg~ food. Parks and Parks (1991) reported that
dietary administration of 17 P-estradiol at a rate of
40 mg kg~ for 77 days produced 87.5% females in
Salvelinus fontinalis, while Goryczko et al. (1991)
reported that the dietary administration of 17 P-estradiol
{20 mg kg™ food for 120 days) produced 95% females in
rainbow trout. Blazquez et af. (1988) reported that the
dietary admimstration of 17 a-ethynylestradiol (EE,) at
10 mg kg™ food from 60-260 days postfertilization (dpf)
yielded 80% female and completely suppressed gonadal
development (sterile fish) 20% i Dicentrarchus labrax
Krisfalasu and Cloud (1999) reported that the immersion
in 17 P-estradiol at 250 mg L.™" for 2 h periods during
different stages of embryonic development beginning
30 dpf and continuing until 68 dpf yielded 44 and 51 dpf
highest mcidence of mtersex (63%) in Oncorhynchus
mykiss. Bjerregaard et al. (2008) reported that the
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administration of 17 P-estradiol (10-500 ng L™ and
bisphencl A (50 ug L™ from 0-63 dpf founded in the
mterval of 60-40% and 40-60% females, males 1n
Salmo trutta and no significant difference mn the
Gonadosomatic Index between all groups.

The valerate derivative of estradiol is a natural
estrogen that has a longer half-life and is less expensive
than 17 P-estradiol. Although, there are studies of
Estradiol Valerate (E,V) use n pets, there are no reports of
its effects in fish as valerate (Kalkan and Ocal, 1997).

The effect of estradiol valerate, on direct feminisation
in rainbow trout has been investigated in previous studies
but the results obtained have wvaried because of
differences in dose, treatment time and application pericd
of the estrogens. It has been reported by several
researchers that the effects of sex hormones on fish might
vary based on fish age (application time), dose of
hormone and fish species (Yu et al., 1979; Degani, 1 986).

The present study, aimed to determine sex
differentiation in rainbow trout gonads as a result of
estradiol valerate admimstration with feed in the ratio of
20mg kg™

MATERIALS AND METHODS

This study was carried out at the Department of
Fisheries at Yuzuncu Yil Umversity in Turkey and lasted
355 days. The experiment was carried out with 800
rainbow trout fry (0.32+£0.02 g fiy™', 65 dpf) reared in
well-water aerated with an aerator. In the experiment,
fiberglass tanks with a volume of 1.4 m’ (dimensions
2.5x0.8x0.7 m) were used and the fish were fed on
commercial granule feed (52% crude protem, 4000 kcal
kg™ Metabolic Energy).

Estradiol valerate, C,;H:,O,, purchased from Schering
Medicine and Medical Corporation, Germany (Istanbul,
Turkey) was added to the diet of the experimental groups.
20 mg kg ' feed of estradicl is a commenly used
dose (Johnstone et al., 1978,1979; Goryczko et al., 1991,
Hunter and Donaldson, 1983). Therefore, it was used
20 mg kg~ feed dose of E,V in this experiment. The E,V
was dissolved in a few ml of butyl alcohol and then
diluted in 400 mL of 95% ethanol for each kg of diet so
that it could be sprayed onto the feed, while turming in a
mixer. The feed used for the controls was sprayed with
ethanol only. The feeding material was left to aiwr-dry
overnight to eliminate the alcohol and then stored at 4°C
for use during the experiments (Ingram, 1988; Gannam and
Lovell, 1991).

The method of Random Coincidence Parcels was
used in the study (Yildiz and Bircan, 1991). A centrol
group and an E,V group were created and as each group
was duplicated, there were 4 groups in total. Each group,
composed of 200 fry.

The fish were fed 5-6 times per day in the fiy period
and 3 times a day, ad libitum, from fingerling period to
marketable size. Feed with E,V was given to the treatment
groups for 56 days and then the normal feed was given for
the remaining 299 days. The fish in the control group were
given feed without E,V but sprayed with 95% ethyl
alcohol for 56 days and after this period normal feed was
given until the end of the experiment (Ostrowski and
Garling, 1988; Santandreu and Diaz, 1994).

In order to examine, the sex reversal in rainbow trout,
20 fish were randomly sampled twice at 156, 170, 191, 226
and 261 dpf of the study from both admimstration and
control groups and their gonads were removed after
careful dissection of the abdomen and gonad structure
was investigated histologically. For this, the gonads
were placed in Bouin’s fixative solution for 24 h and then
tissues were checked, blocked with paraffin and cut into
6 um cross-sections. Six-micrometer-thick sections were
stained with Mallory’s triple stain (Kiermen, 1989). The
preparations were evaluated by means of a bright-field
microscope and photographed (Optiphot 2; Nikon, Tokyo,
Tapan). At the end of the study, all fish were sampled,
dissected and analyzed and the sex ratios of the E,V and
control groups were determined.

RESULTS

At the end of the study, the fish in the E,V group
consisted of 97% females and 3% intersex, while those in
the control group were 51% female and 49% male
(Table 1).

Histological analysis of the gonads of control group
fish at 261 dpf showed that there were no apparent
differences in oocyte size in female fish in this group
compared with the E,V group and spermatogonium
development was normal in the testis of male fish
(Fig. la and b).

The results of histological observation of the gonads
ofthe B,V group at 156, 170, 191 and 226 dpf are shown in
Fig. 2a-f. In the gonads of fish sampled at 156 dpf, there
were some oocytes among spermatogonia in the fish
gonads (Fig. 2a). In the gonads of fish sampled at 170 dpf
(Fig. 2b), ovarian and testicular structures were apparent
with the increased number of cocytes (Fig. 2¢ and d). The
sttucture of gonad i the E,V administration group
at 191 and 226 dpf indicated that spermatogoma had

Table 1: Sex ratios of experimental groups (%)
Sex ratio (%0)

Experimental group Male Fermnale Tntersex
Control 49 51 -
E;V (20 mg kg ! feed) - 97 3
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Fig 1:Histological structure of control group fishes” gonads (3 ovary;, b testis, 30 spermatogonivrnd at 261 dpf

Fig 2. Histological analysis that were made in the gonads of E,WV application group fishes. a: At 158 dpf, O Oocytes
and 3 Spermatogonium. b Intersex fish, at 170 dpf, o Ovary; arrows: Oocytes. d testis, 5 Spermato gomum.
e Owary, at 191 dpf, arows: Oocytes. £ ovary, at 224 dpf

started to decrease, while oocytes deweloped the anterior oocytes occupied the large areas of gonads and
portions of gonads at 191 dpf (Fig. 2e) Ewventually, spertnatogonia dizappeared (Fig. 2F, 226 dpfhas 261 dpf
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DISCUSSION

The present study demonstrated that estradiol
valerate administered at a rate of 20 mg kg™ feed for
56 days was effective for femimzing rainbow trout
(97% female and 3% intersex). Different studies on direct
feminization of rainbow trout and salmon have found
different sex ratios. Some of these reported results similar
to the ratio of female (97%) found in the present study
(TJohnstone et al., 1978, 1979; Goryczko et al., 1991;
Garret, 1989, Melard, 1995; Krisfalasu and Cloud, 1999).
Melard (1995) reported that dietary administration of
17 a-ethynylestradiol at a rate of 100-150-200 mg kg™’
produced 94, 93 and 98% females in Oreochromis aureus.
Krisfalasu and Cloud (1999) reported that dietary
administration of 17 P-estradiol produced 90% females in
Oncorhynchus mykiss.

Piferrer and Donaldson (1992) immersed newly
hatched Chinook salmon (Oncorhynchus tshawytscha) fry
in 400 ug L' E, solution for different periods and reported
feminization rates of 72.2-100%. Nakamura (1984)
immersed Masu salmon (Oncorhynchus masou) and chum
salmon (Oncorhynchus keta) fry 5 days after hatching in
E, solution for 18 continuous days and found that the
groups exposed to E, were feminised in different ratios.
Piferrer and Donaldson (1989) immersed Coho salmon
(Oncorhynchus kisutch) eggs in 400 pg L™ E, solution
before and after hatching and discovered that the group
immersed before hatching were femimnised n the ratios of
82.5-84%, while the groups immersed after hatching were
46.3-73.7% feminised.

However, other studies found lower ratios for
example Parks and Parks (1991) obtained 87.5% females,
Lahav (1993) ¥2% and Goetz et al. (1979) obtained
54.2%. Different studies on direct and indirect
feminisation of rainbow trout and salmon found different
rate of intersex fishes. Johnstone et al (1979) found a
1-129% rate of intersex fishes, Nakamura (1984) found 3%
and Goetz et al. (1979) 27.7%. Tt is thought that those
different sex ratios derived from dissimilarities of
experimental conditions, type of hormone used,
administration period, administrating timing and dose
differences.

The present study, demonstrated that sex reversal
had started in the gonads at 156 dpf of B,V administration.
Bjerregaard et al. (2008) found that determination of sex
by lstological evaluation of the gonads was possible
from 155 dpt and onwards.

In this study, also found that oocyte formation had
started in the fish gonads. In addition, it found that there
were no differences in oocyte sizes between the gonads
of control and hormone-treated fish. Furthermore, the
study appeared that estradiol valerate can use to sex
reversal of fish beside estradiol.
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