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Summary

Background: cytochrome P450 aromatase enzyme (aromP450) is a key enzyme in the conversion of androgens
into estrogens, a crucial step in the control of sexual differentiation in fish. Objective: the aim of this study was
to evaluate the efficiency of two aromatase inhibitors (Als) as an alternative method for the masculinization of
red tilapia (Oreochromis spp.). Methods: Letrozole (LT) and Exemestane (EM) aromatase inhibitors were used
at two experimental doses (25 and 100 mg/Kg). Five days post-hatching larvae (5 dph) were fed the inhibitors for
30 days (35 dph). The control treatments consisted of 17a metil testosterone (MT) at a concentration of 60 mg/
Kg (positive control) and food with 300 ml/Kg ethanol (negative control). On 60 dph, gonadal extraction of fishes
was performed for histological processing and staining with hematoxylin-eosin for analysis. Results: there were
no significant differences (p>0.05) between any compound and implemented doses with the controls in terms of
larval survival. Percentage of male fish increased for LT, EM, and MT (positive control), which showed significant
differences (p<0.05) with the negative control. The dose analysis showed significant differences (p<0.05) for 100
mg/Kg dose and positive control with 25 mg/Kg dose and negative control; there were also differences between 25
mg/Kg dose and negative control. Conclusions: our results suggest that oral administration of third generation Als
(Type I or Type 1I) is effective for increasing the proportion of males without differences between inhibitor types.
There is also a direct effect of the dose on male proportion. Suppression of aromatase activity allows guiding sexual
differentiation towards final testicular development.
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Resumen

Antecedentes: la citocromo P450 aromatasa (aromP450) es una enzima clave en la conversion de
androgenos a estrogenos; un paso crucial en el control de la diferenciacion sexual en peces. Objetivo: evaluar
la eficiencia de dos inhibidores de la aromatasa (IAs) como método alternativo para la masculinizacion
de tilapia roja (Oreochromis spp.). Métodos: se evaluaron los inhibidores de la aromatasa, letrozol (LT)
y exemestano (EM), a dos dosis experimentales de 25 y 100 mg/Kg. Larvas de 5 dias post eclosion (dpe)
fueron alimentadas durante 30 dias (35 dpe) con los tratamientos. Como testigos se implementaron 17a metil
testosterona (MT) a una concentracion de 60 mg/Kg (control positivo), y alimento con etanol 300 ml/Kg
(control negativo). El dia 60 dpe se realizé extraccion gonadal de los peces para procesamiento histologico
y tincion con hematoxilina-eosina para su analisis. Resultados: no hubo diferencias significativas (p>0,05)
entre ninguno de los tratamientos y los controles para la variable sobrevivencia larvaria. La proporcion de
machos aumento con la implementacion de LT, EM y MT (control positivo), los cuales presentaron diferencias
significativas (p<0,05) con el control negativo. Hubo diferencias significativas (p<0,05) entre la dosis de
100 mg/Kg y el control positivo con la dosis de 25 mg/Kg y el control negativo; también se presentaron
diferencias entre las dosis de 25 mg/kg y el control negativo. Conclusiones: nuestros resultados sugieren que
el suministro via oral de IAs de tercera generacion, tipo I o tipo II, es eficiente en aumentar la proporcion
de machos en los grupos tratados, sin diferencias entre el tipo de inhibidor, pero con un efecto directo de
la dosis sobre la proporcion de machos. La supresion de la actividad de la aromatasa, permitié orientar la
diferenciacion sexual hacia el desarrollo testicular.

Palabras claves: androgenos, diferenciacion sexual, estrogenos, inhibicion competitiva, inhibicion
irreversible.

Resumo

Antecedentes: a enzima aromatase citocromo P450 (aromP450) ¢ uma enzima chave na conversio de
androgenos em estrogenos, um passo fundamental no controle da diferenciagao sexual em peixes. Objetivo:
avaliar a eficiéncia de dois inibidores da aromatase (Als), como um método alternativo para a masculinizagdo
da tilapia vermelha (Oreochromis spp.). Métodos: avaliaram-se os inibidores da aromatase, letrozol (LT) e
exemestano (EM), em duas doses experimentais de 25 e 100 mg/Kg. Larvas 5 dias pos-eclosdo (dpe) foram
alimentadas durante 30 dias (35 dpe) com os tratamentos. Como testemunho, controle positivo, se implementaram
170 metil testosterona (MT) a uma concentragdo de 60 mg/Kg e como controle negativo alimento com etanol
300 ml/Kg. No dia 60 dpe extrairam-se as gonadas dos peixes para processamento histologico e coloracdo
com hematoxilina-eosina para sua analise. Resultados: ndo houve diferengas significativas (p>0,05) entre os
tratamentos e os controles para a variavel sobrevivéncia larvaria. A percentagem de machos foi aumentada
com a utilizagdo de LT, EM e MT (controle positivo), com diferencas significativas (p<0,05) comparados com
o controle negativo. A analise da dose mostrou diferencgas significativas (p<0,05) entre a dose de 100 mg/Kg
e o controle positivo com a dose de 25 mg/Kg e o controle negativo; também apresentaram diferengas entre a
dose de 25 mg/kg e o controle negativo. Conclusées: nossos resultados sugerem que o fornecimento oral de
TAs de terga geragao, tipo I ou II, sdo eficientes para aumentar a propor¢ao de machos nos grupos tratados, sem
diferencas entre o tipo de inibidor, porem com efeito direto da dose sobre a propor¢ao de machos. A supressao da
atividade da aromatase permitiu orientar a diferenciacao sexual até um desenvolvimento testicular final.

Palavras chave: androgenos, diferenciacdo sexual, estrogenos, inibi¢do competitiva, inibi¢do irreversivel.

Introduction testosterone by the action of aromP450 enzyme is
essential for ovarian development (Fenske et al.,
Aromatase inhibitors (Als) are chemicals 2004, GonZéleZ, 2003) Teleost fish differ from

that inhibit the activity of the aromatase enzyme
(aromP450), leading to a reduction of estrogen
synthesis. Cytochrome P450 aromatase (cypl9)
plays an important role in steroid homeostasis by
converting androgens into estrogens. It has been
demonstrated that synthesis of 17B-estradiol from

the typical vertebrate model in which they have
two different and separated loci for genes cypl9,
cypl9al (predominant in gonads), and cypl9a2
(predominant in brain). It is believed that both loci
are involved in the process of sexual differentiation
(Tchoudakova et al., 2001; Sawyer et al., 2006).
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The mRNA of aromP450 has been detected in
female gonads — but not in those of the males —
during sexual differentiation (Sawyer et al, 2006;
Gardner et al, 2005). The activity of aromP450 is
higher during ovarian differentiation in comparison
with testis differentiation in reptiles and amphibians
(Hecker et al., 2005). The expression of cypl9a isoform
in Atlantic halibut (Hippoglossus hippoglossus) is
high in ovaries and testes, while cyp/9b is mostly
expressed in the nervous system (Matsuoka et al.,
2006). Similar results were reported for Killfish
(Fundulus heteroclitus) in ovaries (cypl19a>cyp19b)
and nervous system (cypl19a<cyp19b) (Greytak et al.,
2005). Immunoexpression of steroidogenic enzymes,
including aromatase (aromP450), is correlated with
ovarian differentiation in tilapia (Oreochromis niloticus)
(Nakamura et al., 2003).

Aromatase inhibitors can be classified into first
generation (aminoglute thimide), second generation
(Formestane, Fadrozole), and third generation
(Anastrozole, Letrozole, and Exemestane), which
in turn can be divided into Type I and Type II
inhibitors. Type I inhibitors have steroidal structure,
similar to androgens, and inactivate the enzyme
by irreversibly blocking the substrate-binding
site. Type II inhibitors are non-steroidal and are
reversible (Mokbel, 2002).

Several studies conducted in all-female (XX)
Nile tilapia (Oreochromis niloticus) populations
have demonstrated that implementing Als, such
as Fadrozole, ATD (1,4,6- androstatriene-3—17-
dione), and Exemestane increases male proportions
in groups exposed to oral treatments (Kwon et al.,
2000; Ruksana et al., 2010; Afonso et al., 2001;
Guiguen et al., 1999).

The objective of this study was to evaluate two
Als: Type I (Exemestane) and Type II (Letrozole)
at two concentrations in the feed as an alternative
method for sexual reversion in Red tilapia.

Materials and methods

Ethical considerations

This study was approved by the Ethics
Committee for Animal Research of the Universidad
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de Antioquia (Medellin, Colombia), Act No. 36 of
May 15, 2007.

Location

Red tilapia (Oreochromis spp.) fingerlings were
produced at Pérez Chiquito farm (Agroindustrial y
Comercial 3C Ltd. Company, Aipe municipality,
Huila, Colombia) located 650 meters above the sea
level, with 29 °C average temperature, 66% relative
humidity, and 25 °C average water temperature.
Animal dissection, gonadal extraction, histology,
and microscopic evaluation of the plates were
conducted at the Medicina Gendmica laboratory
(Health Department, Universidad Surcolombiana,
Neiva, Huila-Colombia).

Preparation of experimental feed

Aromatase inhibitors (Als), Letrozole LT
(Femara®, 2.5 mg tablets, Novartis AG, Basel,
Switzerland) and Exemestane EM (Aromasin®, 25
mg tablets, Pfizer Japan Inc., Tokyo, Japan) were
prepared at 25 mg and 100 mg/Kg feed. The control
treatments consisted of 170 metil testosterone
(MT) added to the feed at 60 mg/Kg (positive
control) and feed treated with 300 ml ethanol/Kg
(negative control). Same amounts of ethanol were
used to dilute Als and MT. Treated feed was dried
in a dark room at a 26 °C until ethanol completely
evaporated. Feed was then stored in amber glass
vials throughout the experimental period to avoid
oxidative photodegradation of the active ingredients.

Sex reversal by feed

Eggs were collected from the oral cavity of
females. Collected material was evaluated by
stereomicroscope (Leica® M60, Leica Microsystems,
Wetzlar, Germany) to ensure homogeneity of larvae.
The stage of embryonic development was defined
with the scale proposed by Fujimura et al. (2007).
Pharyngula stage embryos (66 to 70 hpf — 2.5 to
3.5 dpf) were selected to complete incubation. The
terms post-fertilization hours (hpf), post-fertilization
days (dpf), and post-hatching days (dph) refer to
specific stages.

Larvae (5 dph) with complete yolk sac resorption
and initiating exogenous feeding were fed for 30
days (35 dph). Three replications were used per
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experimental group (200 larvae/replication). Larvae
were located in 40 L aquariums. Water turnover
was 10% of total daily volume. Feed (45% protein)
was offered at 10% of total biomass in 8§ servings
per day. Replications were transferred into 1 m?
earthen ponds after the experimental phase. After
65 dph, individuals were anesthetized with MS-222
(Tricaine methane sulphonate; 100 mg/L), killed
by thermal shock, and morphometric data (weight,
standard and total length) were recorded. Finally, all
the individuals were preserved for subsequent gonad
extraction and assessment.

Sample fixation and histological analysis

Larvae were fixed in formalin (4% formaldehyde
in Phosphate buffer saline), and then dissected and
gonads extracted. Subsequently, blocks of tissue
were sectioned using a microtome (Microm Gmbh-
HM 325, Thermo Scientific, Walldorf, Germany).
The obtained cuts (2 to 3 pum thick) were stained
with hematoxylin—eosin. Fenotipic gonadal sex
was determined by observing the plates under the
light microscope (40X). Histological diagnosis
of gonadal sex was defined by the presence
of ovarian-type structures (oogonia) or testis
(espermatogonies).
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Statistic analysis

A completely randomized design in a 4 x 2
extended factorial transformation to data BOX —
COX was used to validate the ANOVA assumptions.
The estimated optimal lambda was 1, obtained
by the maximum-likelihood method. Mean
differences were determined by the Tukey test
(5% significance). Descriptive analysis (mean =+
standard deviation) is presented for grouped data by
compound, dose, and compound-dose interaction.
Finally, the Spearman correlation coefficient was
calculated for the morphometric data. Data were
analyzed using the statistic Software SAS (Version
8.1, SAS Institute, Inc., Cary, NC, USA).

Results

Morphometric data

Correlations between total length and weight
(r = 0.97094; p<0.0001), total length and standard
length (r = 0.96429; p<0.0001) and between standard
length and weight (r = 0.95166; p<0.0001) show a
high degree of relationship between the variables
analyzed. Weight variation was not significant
(p>0.05) between Als and controls (Figure 1a). The
25 mg/kg doses were different (p<0.05) from 100
mg/Kg doses and controls (Figure 1b).

o
L

Weight (gr)
'S

Control - 17a MT 60mg/Kg 25mg/Kg 100mg/Kg

Figure 1. Morphometric data on sex reversion in Red tilapia (Oreochromis spp.) larvae. a) Compound analysis. b) Dose analysis. Data are mean + standard

deviation. Different letters show statistically significant differences (p<0.05).
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Larval survival (%)

Survival differences were not significant
(p>0.05) between controls and other doses of
aromatase inhibitor (Figure 2a, b). The highest
survival rate was obtained in the negative control
(72.3 + 14.2%) while the lowest was recorded in the
positive control (58.1 £ 1.04%).
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Figure 2. Survival of Red tilapia (Oreochromis spp.) treated with oral Als.
a) Compound analysis. b) Doses analysis. Data are mean + standard
deviation. Different letters show statistically significant differences (p<0.05).

Percentage of males (%)

Positive control, LT, and EM had the highest
male percentage, and were different (p<0.05) from
the negative control (Figure 3a). Experimental
doses differed (p<0.05) between 25 mg/Kg and
100 mg/Kg for percentage of males. The 25 mg/Kg
dose also differed (p<0.05) from the experimental
controls. The 100 mg/Kg dose did not differ from
the positive control (17aMT 60 mg/Kg) (Figure 3b).

A compound x dose interaction was observed
(p<0.05), with the negative control differing from
all treatments and positive control. Interactions
between dose and treatment evidenced that EM
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and LT at 100 mgkg were different (p<0.05)
from interactions between EM and LT at 25 mg/
Kg, which demonstrates an effect of dose on
masculinization percentage (Figure 3c¢).

High masculinization values were recorded for the
positive control (91.6 £+ 3.09) and treatments 100 mg/
Kg, LT — 100 mg/ Kg (92.6 + 5.81) and EM — 100
mg/Kg, which showed no significant differences.
The negative control showed a 50:50 sex ratio, which
approaches the theoretical data (Figure 3c).
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Figure 3. Male proportions of Red tilapia (Oreochromis spp.) observed
after treatments with oral Als. a) Compound analysis. b) Dose analysis.
c) Interaction analysis compound — doses. The data are mean + standard
deviation. Different letters show statistically significant differences (p<0.05).
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Discussion

Aromatase inhibitors have been widely used to
control sexual differentiation in fish. Most reports
have primarily evaluated Fadrozole, a steroidal Al
widely used in a wide variety of fish at a wide range
of effective doses. In all-female (XX) Nile tilapia
(Oreochromis  niloticus) populations, Fadrozole
(200 and 500 mg/Kg) offered for 30 days from
day 7 post hatching (7 dph) resulted in 92.5 and 96
masculinization percentages, respectively (Kwon et
al., 2000). Mixed populations of the same species
treated with Fadrozole (75 and 100 mg/Kg for 30
days) resulted in 100% all-male populations (Afonso
et al., 2001). Japanese flounder (Paralichthys
olivaceus) treated with Fadrozole (100 mg/Kg during
70 days, starting on the day 30 dph) resulted in all-
male populations (Kitano et al., 2000). Komatsu et
al. (2006) administered Fadrozole (500 mg/Kg) to
golden rabbitfish larvae (Siganus guttatus) for 30
and 90 days, obtaining 87 and 100% masculinization
responses, respectively. Masculinization values were
between 38 and 60% using lower doses (10 and 100
mg/Kg). Other researchers used 150 mg/Kg ATD
(1,4,6- androstatriene-3—17-dione), which is another
type 1 Al for 30 days in Oreochromis niloticus,
obtaining 75.3% males (Guiguen et al, 1999).
Ruksana et al. (2010) treated Oreochromis niloticus
with exemestane from day 9 to 35 (dph), achieving
all-male populations with doses of 1000 and 2000
mg/Kg. They reported that those individuals who
exhibited testicular differentiation showed no
expression of P450scc, 3 B-HSD, and aromP450
enzymes at 35 dph, upon immunohistochemistry
evaluation. At 120 dph, individuals showed
immunopositive reaction to P450scc and 3 B-HSD,
but there was no evidence of aromP450 expression.
This same pattern of steroidogenic enzymes was
observed in ovarian to testicular forwarding on
tilapia larvae treated with 17a methyl testosterone
(Bhandari et al.,, 2006). In our study, exemestane
treatment (100 mg/Kg) resulted in 90.6 = 1.21%
masculinization. Even when values were not 100%
males, we observed a direct relationship between
doses and masculinization percentage. Our results
differ from those by Ruksana et al. (2010) who
obtained 8.3 and 83.3% males using 100 and 500 mg/
Kg, respectively. Although both species belong to
the same Oreochromis gender, handling conditions,

initiation of treatment, time and supply frequency,
may represent substantial changes that can be
reflected in the masculinization percentage. Although
its effectiveness for sex control has been proven,
species—specific standardizations according to the
handling conditions of each farm must be performed
to obtain conclusive results on the most appropriate
doses. Unfortunately, fadrozole, the most studied Al,
is not commercially available at the present time.

Reports on the use of non-steroidal (Type II)
aromatase inhibitors are limited. Gao et al., (2010)
used letrozole at increasing doses (50, 150, 250
and 500 mg/Kg) in bluegill sunfish (Lepomis
macrochirus). During the critical 60 day period
(from day 30 to 90 dph) for sexual differentiation
and where this species has increased sensitivity
to exogenous treatments, they obtained between
59 and 70% masculinization percentages. Male
proportions increased as dose increased. Uchida
et al. (2004) fed Letrozole to young zebrafish
(Danio rerio) genetic females (XX) from 14
to 40 dph. They reported 62.5, 100, and 100%
masculinization results at doses of 10, 100, 1000
mg/Kg, respectively. They suggested that letrozole
or exposure to high temperature (35 to 37 °C)
during the sexual differentiation period induces
suppression of aromP450 gene and apoptosis of
oocytes favoring spermatogonies differentiation.

Our results show a direct dose-effect of
Letrozole on masculinization percentage when
Exemestane was used. Other researchers using both
Als have observed the same effect. Masculinization
percentages obtained in the present study using
25 and 100 mg/Kg letrozole were 78 and 92.6%,
respectively.

In conclusion, our results demonstrate that the
oral use of third generation Als (Type I or Type
IT) is effective in increasing the male proportions
in Red tilapia. Finding the minimum effective
dose requires further research because the existing
reports for this new generation of inhibitors is
limited and inconclusive. It is necessary to conduct
studies aimed to elucidate the molecular and cellular
aspects of the sexual differentiation phase of
individuals treated with Als in greater detail.
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