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ABSTRACT KEYWORDS
During the masculinization of Nile tilapia, Oreochromis niloticus, the Aquaculture; Chamomilla;
effect of a homeopathic complex (containing Chamomilla, Quina, Quina; sulphur; testosterone

and sulphur) was evaluated based on survival, performance, gills
and liver integrity, and parasitism. Group fed with basal diet + 17
alpha-methyltestosterone (control) showed low survival (40.02%),
while the group that additionally received homeopathy and the
group that received sucrose (vehicle) showed 73.7% and 87.7%
survival, respectively. The growth performance of the group that
received homeopathic and the control group was significantly
higher than that of the group that received only sucrose. Still,
fish that received the homeopathic complex showed higher bran-
chial and hepatic integrity as compared to the other groups. The
homeopathic complex contributes to a greater survival of fish in
addition to maintaining satisfactory growth. Furthermore,
homeopathy contributes to the improvement in gill and liver
integrity of the Nile tilapia larvae.

Introduction

Diverse strategies are applied to animal production in search of maximum
productivity. One of the most important strategies in fish farming around the
world is the production of a monosex fish stock (Baroiller et al. 2009; El-Sayed
2006). The females of some species such as the rainbow trout Oncorhynchus
mykiss exhibit better productive characteristics (Razmi et al. 2011). For others,
the male is more suitable because of rapid growth and greater uniformity as seen
in the Nile tilapia Oreochromis niloticus (Bwanika et al. 2007). The most common
strategy of monosex tilapia production is through the administration (incorpora-
tion in the diet) of the hormone 17 alpha-methyltestosterone, which is a steroid
structurally similar to natural testosterone, but with a methyl group at the C-17
position.

Considering that the hormone 17 alpha-methyltestosterone is an anabolic
agent, the masculinized fish consequently show a higher weight gain (Karsli
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et al. 2014; Khalil et al. 2011; Vick and Hayton 2001). The survival, however, is
significantly lower when compared to fish that receive diets without the hormone
(Gayao et al. 2013). The decreased survival of fish larvae can be associated with the
structural alterations of important organs such as the liver (Hasheesh et al. 2011),
which is already overloaded by high protein and lipid content of the prepared diets
(Furuya 2010), or can be associated with biochemical alterations (Ahmad et al.
2002; Hasheesh et al. 2011). These alterations can result in systemic diseases and
facilitate the dissemination of opportunistic pathogens. The application of homeo-
pathic products can support aquatic organisms against these challenges, since the
use of homeopathy can provide conditions capable of promoting the homeostatic
restoration of the organisms (Servais 2003) by rebound effect or secondary action
(Teixeira 2013).

Homeopathy is an alternative medicine that causes the symptoms of a
disease in healthy animals. This therapy has been used successfully in
aquaculture (Merlini et al. 2014; Siena et al. 2010; Valentim-Zabott et al.
2008). The homeopathic complex is a set of homeopathic substances that
act synergistically. Such a complex is usually composed of Chamomilla,
Quina and sulphur. The Chamomilla is indicated for organisms that are
sensitive to sudden temperature changes, for the control of fights (com-
mon in cichlids such as tilapia), against situations of stress, and intoler-
ance to density (Brunini and Sampaio 1992; Cristea et al. 1997; Lathoud
2010). The Quina is a medicine used when a loss of body fluids, electrolyte
disturbances, edema, and hemorrhages occur (Brunini and Sampaio 1992).
The sulphur is recommended to treat injuries of the integument, such as
parasitic diseases and irritations (Almeida et al. 2007), and has an impor-
tant role in the venous circulation with great potency to prevent cases of
edema (Lathoud 2010).

Based on this information, the potential beneficial effect of the homeo-
pathic complex was evaluated by the survival, performance, branchial and
liver integrity, and the prevalence of parasites during the masculinization
phase of the Nile tilapia.

Materials and methods
Infrastructure and fish

The present study was conducted in a center of reproduction and fingerling
production of the Nile tilapia (Sao Paulo, Brazil). The larvae (3-4 days old)
were collected from reproduction ponds with ichthyoplankton fine-mesh
nets and then stocked into nine experimental tanks. Each 750 L tank had a
continuous water flow with total water renovation in 24 h. The initial density
in each tank was 1,000 larvae with an average total biomass of 18 g.
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The water quality was monitored weekly using a multiparameter probe (YSI
Professional Plus®). The dissolved oxygen (OD), temperature (T°C), conductivity
(EC), pH, ammonia (NH,), and the total dissolved solids (TDS) were measured.
The parameters observed during the study were described as means (minimum-
maximum): 6.75 mg/L (4.54-7.61 mg/L); 22.5°C (19.3-25.2°C); 0.01 mS/cm
(0.008-0.060 mS/cm); pH 6.54 (pH 5.33-7.08); 0.662 mg/L (0-4.1 mg/L) NH,;
0.007 g/L (0.005-0.390 g/L), respectively.

Experiment and diet

Three experimental groups in triplicate were divided randomly among the
nine tanks. All groups received a prepared commercial diet formulated
specifically for this species, with the addition of the masculinizing hormone
17 alpha-methyltestosterone (60 mg/kg; control) to simulate what currently
occurs in the production of tilapias. One of the groups, however, received the
homeopathic complex added in the control diet, and another group received
the vehicle of the homeopathic complex (sucrose) added in the control diet.

The homeopathic complex Fator Pré-Digestdo Inicial® was produced for
the present study by Arenales Homeopatianimal laboratory (Brazil), with
Quina 12 C (10™**), Camomila 12 C (107%**), and sulphur 12 C (107%%),
which are respectively the component, centesimal potency, and dilution.

The homeopathic complex was diluted in water and incorporated in the
diet according to the manufacturer recommendations (15 g of the product
were used per kg of feed). The same procedure was performed for the group
that received only the sucrose.

The masculinization step was carried out during the initial 40 days of
feeding (powder feed) to simulate the most common strategy used in fish
farms. After this period, all of the fish were fed the commercial feed, and the
experiment was concluded at 120 days of feeding to perform the final
biometric data collection on fish. The addition of the homeopathic complex
and sucrose was carried out until day 70.

The feeding trial (composition of artificial diet and feed management) are
shown in Tables 1 and 2, respectively.

Performance indices

An initial biometrics was performed at day 0 and a final biometrics at day
120 was performed with all of the surviving fish from each treatment. The total
length (using a ruler) and weight (using a balance) of the animals were
measured in addition to the description of the survival. Once this experiment
was carried out in a fish farm, the final harvest that depended on total fish
handling was performed according to the availability and management of its
activities. Therefore, performace indices were collected only on day 120.
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Table 1. Composition (levels/kg of feed) of the experimental diets fed to Nile tilapia (Oreochromis
niloticus) larvae and juvenile.

Item Larvae Juvenile
Humidity (max.) 075¢g 0.67 g
Protein (min.) 485 g 440 g
Ether extract (min.) 66 g 80 g
Mineral material (max.) 158 g 1219
Fibrous material (max.) 16 g 1549
Phosphorous (min.) 1549 1549
Vitamin C (min.) 800 mg 800 mg
MOS* (min.) 60 mg 60 mg

*MOS: Manano-oligosacharides.

Table 2. Quantity and frequency of feeding the three experimental groups of Nile tilapia
(Oreochromis niloticus).

Day Feed (g)/tank Daily frequency Feed (g)/day/tank
0 0.2 7 1.4

7 0.3 6 1.8

14 0.6 5 3.0

28 1.0 5 5.0

37 20 5 10

53 4.0 5 20

Survival, weight gain, and feed conversion were described, which were
calculated using the formulas: Weight Gain (WG) = Final Weight - Initial
Weight; Feed Conversion = (Quantity of feed consumed throughout the
experimental period) + WG; Survival = (final number of fish + initial
number of fish) x 100.

Branchial and hepatic histology

Nine anesthetized fish from each treatment were euthanized by disruption of
the spinal cord and collected per sampling (days 7, 14, 28, and 60). The
animals were fixed in 10% formalin, dehydrated in increasing solutions of
ethyl alcohol, diaphonized in xylene, and paraffin-embedded (Merck®). The
sections (4 pum) were processed with a histology razor in an automatic
microtome (Leica-RM 2155) and were stained with hematoxylin and eosin
(HE). The description of the histopathology was performed by pairs of
pathologists, expressed in a qualitative manner, and grouped in similar sets.

All of the histological slides were photographed (Nikon E200°) in three
different areas for each organ, sampling three times each specific structure
per area (different sites, but the same area three times). Branchial structures
(size of the lamellar edema, size of the interlamellar space, and diameter of
the mucous cell) and liver structures (area of the vacuole of the hepatocyte,
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Figure 1. Histopathology standards used for measurements (H&E stain). (A) Gills: interlamellar
space (a), mucous cell diameter (b), and lamellar edema (c); (B) liver: area of vacuole of
hepatocyte (a), area of the nucleus (b), and area of the hepatocyte (c).

area of the nucleus of the hepatocyte, and area of the hepatocyte) were
measured manually and randomly using the software Image J°. All structures
and the method of measurement are detailed in Figure 1.

Parasitology analysis

For parasitology analysis, nine fish were sampled from each treatment on
days 7, 14, 28, 60, and 90. In the first and second samplings, tissues of the
animals were compressed between a slide and a cover slip to observe under
an optical microscope, which permitted the total count of the parasites
present. In the other samplings, due to the size, the animals were euthanized
to collect the mucus of the skin and branchial biopsy.

Ectoparasites were identified by genus or group. The results were arranged
in prevalence (%) by the formula: (number of infected fish + number of fish
analyzed) x 100.

Statistical analysis

Levene’s test was used to analyze homoscedasticity, and one-way analysis of
variance (ANOVA) followed by Tukey’s test were used to collect parasitological
and morphometric data of the liver and gills. The Mann-Whitney test, which
was one tailed with a confidence interval of 95%, and the Kruskal-Wallis
ANOVA were used for the nonparametric data. The program STATISTIC 10°
Statsoft 1984-2011 and the GraphPad Prism 5° program were used.
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Table 3. Performance of Nile tilapia (Oreochromis niloticus) fed with the commercial feed + 17
alpha-methyltestosterone (CF), commercial feed + 17 alpha-methyltestosterone + homeopathic
complex (CF + Hp), and commercial feed + 17 alpha-methyltestosterone + sucrose (CF + S).

CF CF + Hp CF+5$
Survival (%) 40.02 73.70 87.70
Weight gain (g) 9.27° + 4.56 8.27° + 411 6.75% + 4.34
Length (cm) 7.70° + 1.48 7.50°+ 1.48 6.66> + 1.68
Feed conversion 2.3:1 2.5:1 2.6:1

Different letters represent significant difference between the treatments (P < 0.05).

Results
Performance indices

A higher survival was observed in the groups that received the homeopathic
complex and the sucrose. Lower survival was observed in the control group
that received only the diet with hormone 17 alpha-methyltestosterone. In
relation to fish performance, weight gain and final length were higher in the
control group and the group receiving the homeopathy. The group treated
with the sucrose had a significant drop in performance compared to the
other two groups (P < 0.05) (Table 3).

Branchial and hepatic histology

Lamellar edema was the common histopathological alteration in the gills,
while hydropic and lipid degeneration of the liver were described in all of the
groups studied (Table 4).

The size of the lamellar edema did not differ significantly between the
groups in any of the samplings (P > 0.05). The interlamellar space, however,

Table 4. Histopathologic alterations in the liver and the gills of Nile tilapia (Oreochromis niloticus)
fed the commercial feed + 17 alpha-methyltestosterone (CF), commercial feed + 17 alpha-
methyltestosterone + homeopathic complex (CF + Hp), and commercial feed + 17 alpha-
methyltestosterone + sucrose (CF + S) (descriptive analysis).

CF CF + Hp CF+S
Organ Day 7
Liver 33% HD 67% HD; 33% LD 67% HD; 33% LD
Gill 100% LE 100% LE 100% LE

Day 14
Liver 50% LD; 50% HD 33% LD 33% HD
Gill 100% LE 100% LE 100% LE

Day 28
Liver 71% HD; 29% LD 87.5% HD; 12.5% LD 100% LD
Gill 100% LE 87.5% LE 50% LE

Day 60
Liver 33% HD; 67% LD 12.5% HD; 87.5% LD 12.5% HD; 87.5% LD
Gill 87.5% LE 67% LE 89% LE

LD: lipid degeneration; HD: hydropic degeneration; LE: lamellar edema.
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was observed to be significantly higher on day 28 and thereafter in the group
that received the homeopathic complex, and the difference increased on day
60 (P < 0.05). The area of the mucous cells was not influenced in any of the
groups (Table 5).

In relation to the measurements in the liver, the size of the vacuole was
significantly lower in the group that received the homeopathic complex when
compared to the control group (P < 0.05) after 60 days of the experiment
(Table 4). The nucleus of the hepatocyte was greater on days 7 and 28 in the
group that received the sucrose when compared to the other two groups but
was similar among all of the groups on day 14 and day 60. The size of the
hepatocyte was greater on days 7 and 14 in the fish that received the sucrose
when compared to those who received the homeopathic complex, but neither
differed from the control (Table 6).

Parasitism

Eight protozoa (Apiosoma, Chilodonella, Cryptobia, Ichthyobodo,
Ichthyophthirius, Piscinoodinium, Trichodina, and Vorticella) and one
metazoan (Monogenea) parasites were present in the larvae of the Nile tilapia
in this study. The parasitism data behaved similarly among the three groups,
with no statistical difference encountered (P > 0.05) for the prevalence of any
species of the parasites in any of the samplings (Table 7).

Discussion

In the present study, a high mortality of larvae was observed in the group
that received only the diet with the hormone 17 alpha-methyltestosterone
(40% survival; control group). Despite also having received this hormone, the
groups treated with the homeopathic complex and sucrose demonstrated a
higher survival. Only the group that received homeopathy, however, had a
performance (weight gain and final length) similar to that of the control
group. The homeopathy group demonstrated higher survival and similar
performance to the control group, which may be associated with the results
obtained from the gill and liver analyses. Similarly, Siena et al. (2010) and
Valentim-Zabott et al. (2008) also observed an increased survival in tilapia
treated with the homeopathic complex. Stressors are related to high mortality
rates (Barton and Iwama 1991; Tort 2011), which become exacerbated in fish
subjected to masculinization. The increased survival of the animals that
received the homeopathy, however, indicates a protective effect and demon-
strates the homeopathy to be an alternative tool for fish farmers. Recently,
Merlini et al. (2014) described a decrease of the cortisol levels in Nile tilapia
treated with the homeopathic complex, which may be indicative of reduced
levels of stress.
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The gill is an organ often exposed to the aquatic environment. Toxic
irritants, such as heavy metals, pesticides, disinfectants (Roberts 2012;
Schwaiger et al. 1997) and parasites (Valladdo et al. 2014) cause severe
alterations in the gill structure, compromising the function of its filaments.
The lamellar edema is the most common lesion in fish and can progress to
necrosis of the lamellar epithelium, causing respiratory and osmoregulatory
distress, which ultimately compromises the survival and the development of
the fish (Yang and Albright 1992). Both control and sucrose groups showed a
smaller spacing between the branchial lamellae, which indicates smaller sur-
face area for gas and ion exchange. The surface area for gas and ion exchange
is an important factor for the survival of sensitive animals such as fish larvae.
Therefore, the fish from the homeopathic group showed more integrated
branchial structure.

There is evidence that exogenous methyltestosterone and its metabolites
are found in high concentrations in the gallbladder and liver of fish (Curtis
et al. 1991; Goudie et al. 1986; Pandian and Kirankumar 2003). Thus, this
organ is one of the main targets in these types of studies. Liver produces
precursors of hormones, of the coagulation cascade, of the complement, in
addition to producing globulins and lytic enzymes of the immune system
(Kaneko 1997; Rouiller 2013). Alterations in this organ can lead to irrepar-
able consequences and compromise the health of living organisms. The
negative effect of the use of this steroid has been proven in the liver tissue
of fish (Ahmad et al. 2002; Gayao et al. 2013; Hasheesh et al. 2011). The main
liver alterations described in the literature are an increase of the cell volume,
the disarrangement of the cordonal disposition, increase in vesicles in the
hepatocytes (Gayao et al. 2013), diffused vacuolar degeneration, and conges-
tion (Hasheesh et al. 2011). Furthermore, DNA fragmentation in the hepatic
tissues of fish fed methyltestosterone were reported (Hasheesh et al. 2011;
Khalil et al. 2011). In this study, the group of fish that received only the
methyltestosterone showed a higher vacuolar size, suggesting that a larger
area of the hepatic tissue can be compromised and less area is functional. The
smaller size of hepatic vacuoles in the group that received the homeopathic
complex indicates that the liver (usually overloaded by a diet rich in proteins
and lipids) may be more functional and/or recover more quickly.

The homeopathy did not interfere in the prevalence of the parasites. In
fact, the homeopathic complex, even with the sulphur, does not have para-
siticide effect against any of the nine parasites of the fish in the present study.
Despite this, the sulphur might have a protective effect on the microlesions
or on the irritability of the animal faced with parasitism, since its pathogen-
esis is associated with alterations caused by parasites (Lathoud 2010).
Similarly, Cavalcanti et al. (2007) observed that the homeopathic sulphur
did not reduce nematode eggs in the feces of sheep; however, animals treated
with the homeopathy showed no clinical signs of parasitic infection. Santos
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(2011) also observed that the sulphur did not alleviate the parasitism by the
protozoan Amyloodinium sp. in cobia Rachycentron canadum; however, this
medicine provided a protective action on the gills, which may have contrib-
uted to the greater fish survival. Still, Costa-Jinior, and Furlong (2011)
described that the preventative effect of homeopathic preparations on para-
sitism demands long exposure periods to the product, which is not feasible
because of the high cost.

The homeopathic complex contributes to a greater survival of fish, in
addition to maintaining satisfactory growth. Furthermore, homeopathy con-
tributes to the improvement in gill and liver integrity of the Nile tilapia
larvae.
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