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Abstract: This study was conducted to evaluate the histological changes of 17αmethyl-testosterone (MT), wet testes of bull (Bos indicus), boar (Sus
domesticus), bull/mud catfish testes (B. indicus/C. gariepinus) and pawpaw (Carica papaya) seed powder-based diet on the Nile tilapia fry in an indoor
experimental pond. Histological changes and efficacies in producing monosex males were determined after four months. Fifty-five fry were assigned
randomly to three experimental ponds in triplicates. Five experimental feeds composed of soya-bean, fish meal, wheat bran, cassava flour were formulated
by adding 0.06g of 17α- methyl-testosterone, 17.47g of bull wet testes, 25.59g of boar wet testes, 20.48g of bull/catfish and 20g of pawpaw seed powder
per kg of feed to group 1, 2, 3, 4, 5 respectively. Obtained results from the morphological examination revealed a significant difference (p < 0.05) in
phenotypic males of the Nile tilapia fry fed with the experimental diets. The highest indistinct percentage was recorded in the 17αmethyl-testosterone-treated
diet while the lowest was recorded in diets 3 and 4 with no significant differences. All the groups showed histopathological differences in the livers, gills, and
muscles. However, the liver histology of groups 1 and 5 showed central vessels that are mildly congested with abundant glycogen vacuolation and
somewhat fat infiltration, while the histology of the muscles of group 5 showed pathological lesions including moderate to severe necrosis. These alterations
can be considered an indication of the performance and health of fish in monosex culture medium indicating effects of plant extract and MT.
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INTRODUCTION
Overstocking of tilapia in an enclosed pond causes
stunted growth due to the unavailability of natural food,
especially in the semi-intensive system (Meske and Vogt,
2014). To achieve more productivity in growing tilapia
Oreochromis niloticus, it is important to produce a monosex
culture that constitutes males (El-Greisy and El-Gamal, 2012),
because male grows faster than female because of
unnecessary spawning. The most efficient method of
producing only males is using steroid hormones fed to newly
hatched fry with unknown sex (Ajiboye et al., 2015). This is
done by exposing the fish to hormones (testosterone or
estrogen) in their diets orally for several weeks when the fish
start feeding, which leads to sex reversal. The application of
synthetic hormones is under serious criticism due to their
health and environmental hazards. More so, there is little
literature on the tangible effect of the residuals on the
environment and human health (Desprez et al., 2003,
Mengumphan et al., 2006).
Thus far, the caused by the synthetic hormone on
environmental damage or harm to humans used for sex
inversion has no substantial proof; however, there is a huge
amount of MT used for sex reversal compared to the actual
dose (Xu et al., 2015; Mlalila et al., 2015), which may lead to
building up of MT chemical in tilapia farming. Hormone
© Published by Ege University Faculty of Fisheries, Izmir, Turkey

treated fish is restricted in some countries except it is proven
that it will not pose risks to human health (Megbowon and
Mojekwu, 2014). However, the potential disadvantage of
synthetic hormone treatment increased the risk of long-term
exposure of workers handling methyltestosterone during food
preparation and feeding may cause adverse effects on their
health (Green et al., 1997). There have been reports that
hormones excreted by treated fish from undigested feeds can
build up in a closed water system; accumulate in water
residue and aquatic biota (Dauda et al., 2014). Kefi et al.
(2013) in their trial with tilapia fish, observed an induced sex
inversion in waters not directly applied with methyltestosterone, although is not well understood; the effect on
water pollution.
Owing to the detrimental toxicity of hormone on human
health which results in mostly carcinogenic and endocrine
disorder and on the environment, researchers has deliberated
on its use in aquaculture production (Dergal et al., 2016).
Furthermore, the use of anabolic steroids has been banned
because of the harmfulness to humans, fish and the
environment (Suseno et al., 2020); based on the decision
from the Republic of Indonesia with number
KEP.52/MEN/2014 of the Ministry of Marine Affairs and
Fisheries.

Orose et al., Ege Journal of Fisheries and Aquatic Sciences, 38(4), 487-497 (2021)

In recent times, the use of MT in the seed production of
Oreochromis species has increased despite inadequate
information about the impact of the androgen on fish
physiology; though, its long-term impacts on the pathology of
livers, gills and muscle remain unclear (Kefi et al., 2013).
Curtis et al. (1991) established the fact that metabolizes of
plasma testosterone are quickly excreted from the body.
There are few published articles on the histological changes
of O. niloticus subjected to sex steroids in particular MT,
animal, and plant extract; hence, the need to evaluate the
histological changes associated with the gills, livers, and
muscles of O. niloticus subjected to MT, animal hormone and
plant extract. Therefore, this study will help to understand the
effects of O. niloticus exposed to the different sex reversalsbased diets and provide fishery resources managers and
decision-makers information on the most fish-friendly and
effective sex reversal-based diet.
MATERIAL AND METHODS
A total of 825 Oreochromis niloticus (Nile tilapia) fry with
an average weight of 0.013g; were obtained from the Tilapia
family testing unit of the Africa Regional Aquacultural Center
(ARAC) Aluu, Port Harcourt, Rivers State. The experiment
was carried out in 15 different experimental ponds at ARAC
and was distributed randomly into five groups; fifty-five (55)
fry were stocked in each in triplicate. The methyl-testosterone
was acquired from Lagos State (University of Lagos) Nigeria
while the testes of boar bull fish were procured from Port
Harcourt market, while pawpaw fruits were collected from the
University of Port Harcourt Farm which was sun-dried, ground
and prepared as described by (Orose et al., 2016).

cake, vitamins etc. in various percentages as described by
Orose and Vincent-Akpu, 2016. The feeding frequency was
three times daily at 20% of fish body weight for 42 days
hormonal trial with final weight for group 0.42g, 0.52g, 0.78g,
0.60g and 0.69g for group 1 to 5 respectively. Thereafter, the
fry were reared for 4 months for histological studies with final
weights of 7.30g, 10.43g, 11.73g, 10.67g and 10.40g for
groups 1 to 5 respectively.
Table 1. Total testosterone of steroid, animal and pawpaw seed
powder
Treatments
Treatment 1 (MT)
Treatment 2 (bull testes)
Treatment 3 (boar testes)
Treatment 4 (catfish testes)
Treatment 5 (PSP)

Sample (gram)
0.06 g
10 g
10 g
4g
5.7 g

Concentration
(ng/ml)
16.25
9.3
6.3
1.8
0.3

Sex determination
After four months of growth stage, sexing of fingerlings
was determined, each group was collected in all the replicates
and confirmed by examining the external genitals (Figure 1).

Hormone preparation
The hormone was prepared by adding 0.06 g of 17 αMethyltestosterone, 4 g of catfish testes, 10 g of boar and bull
testes to a beaker containing 500 ml of ethanol (95%)
respectively, while 5.7 g of pawpaw seed powder was
dissolved
in
water
for
hormonal
analysis
(testosterone/estrogen) at the Chemical Pathology
Laboratory, University of Port Harcourt Teaching Hospital
(UPTH) for hormonal analysis. Total testosterones from the
serum of each experimental animal were analyzed using an
Enzyme Immunoassay Testosterone test kit (Table 1). The
1000 g compounded feed was formulated with the addition of
the steroid hormone and plant extract. Group 1 was added
with 0.06g of 17α- methyl-testosterone, group 2 was prepared
with 17.47 g of bull testes, group 3 was prepared with 25.59g
of boar testes, group 4 was prepared by adding 20.48 g of
bull/ catfish testes while group 5 was prepared by adding 20 g
of pawpaw seed powder-based diet (Orose et al., 2018).
Exposure of test organisms
One thousand grams of feed was formulated based on
the working composition obtained from the feed mill of ARAC,
using 40% crude protein. The formulated feed materials were
composed of wheat bran, fish meal soya-bean, groundnut
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Figure 1. Male (left) and female (right) genital papilla (Fuentes –
Silva et al., 2013)

Histological Changes
Fish samples were prepared with standard methods for
histological analysis as detailed in the guideline as describe
by Avwioro, (2010). Livers, gills, and muscles of 5 fish per
treatment were surgically removed and placed in 10%
Davison’s solution and taken to the Veterinary Department of
the Federal University of Agriculture, Abeokuta. The livers
gills and muscles were fixed and prepared for sectioning
involved dehydration, clearing and infiltration, embedding and
sectioning using a microtome. The process for dehydration
involved fixation of tissue in ascending grades alcohol of 30%,
50% 70% and 90% alcohol each for 1 hour; 95% alcohol for
12 hours; and absolute alcohol for 1 hour. The clearing
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process involved immersion of dehydrated tissue in xylene for
1 hour. The infiltration process involved immersion of the
cleared samples in molten paraffin wax (between 56°C –
60°C) for two hours. The embedded tissues were sectioned
using a microtome before placing them on slides then staining
with Haematoxylin for 3 minutes and 1% solution of Eosin
stain for 5-10minutes (H and E method). The prepared slides
were viewed under a light microscope, Olympus CX31RTSF.
Data Analysis
All data were subjected to statistical analysis using
Statistical Package for Social Sciences (SPSS) version 21,
analysis of variance (ANOVA) was used to determine
significant differences among treatments. Differences were
regarded as significant at P < 0.05; mean significant was
compared using Duncan Multiple Range Test (DMRT).
RESULTS
Effect of experimental diet on masculinization of Nile
Tilapia (O. niloticus)
The results for the morphological examination on sex ratio
are presented in Table 2. There was no significant difference
between group 3 and group 4, although there were significant
differences (p < 0.05) among group 1, group 2 and group 5.
The lowest male value was observed in group 5

(73.98±2.04%). The results on indistinct (sex differentiation
that was not clear) showed that group 1 had a higher
indistinct (5.00±0.58), while there was no significant
difference (p ≥ 0.05) between group 3 and group 4.
Effect of experimental diets on mortality rate of Nile
Tilapia (O. niloticus)
The result on the mortality rate of Nile tilapia fries after the
four months experimental period is shown in Figure 2. The
result showed that group 1 recorded the highest mortality
(51%) during the experiment, followed by group 2 (18%).
However, there were no significant differences in mortality
rates among group 3, group 4 and group 5 with mortality rates
of 10%, 11%, and 10% respectively.
Group 5
10%
Group 4
11%
Group 3
10%

Mortality Rate

Group 2
18%

Group 1
51%

Figure 2. Mortality rate of Nile tilapia fed five experimental diets (5 groups)

Table 2. Morphological effect of treatments on sex ratio of O niloticus
Numbers of Fish Observed per Group (percentages are in parentheses)
Sex
Male

1
19.00±1.53c
(79.17±0.74bc)

2
30.33±2.00b
(79.82±1.03b)

3
37.67±1.20a
(91.88±2.11a)

4
36.67±0.88a
(91.68±0.59a)

5
30.33±0.88b
(73.98±2.04b)

Female

0.00±0.00d
0.00±0.00d)

3.67±0.33b
9.66±0.27b)

2.67±0.33c
6.51±0.68c)

3.00±0.00bc
7.50±0.60c)

7.33±0.33a
17.88±0.60a)

Indistinct

5.00±0.58a
20.83±0.74a)

4.00±1.00a
10.52±1.98b

0.67±0.67b
1.61±1.63c)

0.33±0.21b
0.82±0.80c)

3.34±0.88a
8.14±2.05d)

Total

24
(100)

38
(100)

41
(100)

41
(100)

41
(100)

a, b, c and d are superscripts to indicate significant differences among different groups/ Mean values (mean ± standard error) in the same row with different
superscript are significantly different (p < 0.05).

Histological examination
Histological changes in the livers of Oreochromis
niloticus fed experimental diets
The histological analysis of the livers revealed that there
were pathological differences among the groups. Group 1
photomicrograph of fish liver showed Central vessels that are
mildly congested with mildly thickened vascular wall (white
arrow), the sinusoids (black arrow) appear normal and not
infiltrated by inflammatory cells while the hepatocytes showed
abundant glycogen vacuolation and somewhat fat infiltration
(blue arrow) (Figure 3), Group 2 showed section with normal
central vessels that are not congested (white arrow),
however, there was mild perivascular infiltration seen (gray

arrow), the sinusoids (black arrow) appeared normal and not
infiltrated by inflammatory cells, the hepatocytes showed
abundant glycogen vacuolation (blue arrow) (Figure 4), group
3 showed normal central vessels that are not congested
(white arrow), the sinusoids (black arrow) appeared normal
and not infiltrated by inflammatory cells, the hepatocytes
showed moderate glycogen vacuolation (blue arrow) (Figure
5), additionally, group 4 showed normal central vessels that
are not congested (white arrow), the sinusoids (black arrow)
appeared normal and not infiltrated by inflammatory cells, the
hepatocytes showed abundant glycogen vacuolation (blue
arrow) Figure 6. On the other hand, group 5 showed mildly
congested central vessels (white arrow), the sinusoids (black
arrow) appeared normal and not infiltrated by inflammatory
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cells, the hepatocytes showed abundant glycogen vacuolation
and fat degeneration (blue arrow) (Figure 7). However, there
appeared to be differences in their hepatocytes: group 1
showed abundant glycogen vacuolation and somewhat fat

Figure 3. Photomicrograph of group 1 fish liver section

Figure 4. Photomicrograph of group 2 fish liver section

Figure 5. Photomicrograph of group 3 fish liver section
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infiltration, group 2 and 4 showed abundant glycogen
vacuolation, group 3 showed moderate glycogen vacuolation
while group 5 showed abundant glycogen vacuolation with fat
degeneration.
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Figure 6. Photomicrograph of group 4 fish liver section

Figure 7. Photomicrograph of group 5 fish liver section

Histological changes in the gills of Oreochromis
niloticus fed experimental diets
The histopathological study of the gills section revealed
that the gills section for group 1 showed normal gill lamellae
(white arrow) and arch (blue arrow) lamellae consist of normal
erythrocytes, chloride cells and pillar cells (black arrow), while
the gill arch showed normal osteocyte-like cells (Figure 8).
Group 2 had a normal gill lamella (white arrow) and arch (blue
arrow) the lamellae consist of normal erythrocytes, chloride
cells and pillar cells (black arrow) while the gill arch showed

normal osteocyte-like cells (Figure 9). Group 3 showed poorly
arranged gill lamellae (white arrow) and arch (blue arrow).
The lamella consists of normal chloride cells and pillar cells
(black arrow), while the gill arch showed normal osteocyte-like
cells (Figure 10). Group 4 showed shortened gill lamellae
(white arrow) and arch the lamellae consisting of normal
erythrocytes and few chloride cells and pillar cells (Figure 11),
while group 5 showed normal gill lamellae (white arrow) and
arch (blue arrow) (Figure 12). The lamellae consist of normal
erythrocytes, chloride cells and pillar cells (black arrow), while
the gill arch showed normal osteocyte-like cells.

Figure 8. Photomicrograph of group 1 fish gill section
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Figure 9. Photomicrograph of group 2 fish gill section

Figure 10. Photomicrograph of group 3 fish gill section

Figure 11. Photomicrograph of group 4 fish gill section

Figure 12. Photomicrograph of group 5 fish gill section
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Histological changes in the muscles of Oreochromis
niloticus fed experimental diets
The histopathological examination of the muscles
revealed that muscles sections of group 1 showed normal
architecture (white arrow), the pathological lesion was not
seen (Figure 13), group 2 showed normal architecture (white
arrow), with no pathological lesion (Figure 14).

Group 3 showed normal architecture (white arrow),
without pathological lesion (Figure 15), while group 4 showed
moderate architecture (white arrow), with no pathological
lesion found (Figure 16) whereas group 5) (Figure 17)
showed a poor architecture, but with the presence of
pathological lesion including moderate to severe necrosis
(black arrow).

Figure 13. Photomicrograph of group 1 fish muscle section

Figure 14. Photomicrograph of group 2 fish muscle section

Figure 15. Photomicrograph of group 3 fish muscle section
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Figure 16. Photomicrograph of group 4 fish muscle section

Figure 17. Photomicrograph of group 17 fish muscle section

DISCUSSION
The examination of external genital papillae of O. niloticus
showed that the natural hormone and plant extract had the
highest male percentage. However, MT treated diet had the
highest indistinct percentage rate and mortality rate. These
results are in line with the findings of Mohamed (2019) that
reported the variation between morphological and gonad
results. Mohamed (2019) examined 50 fish from a group;
morphologically, 40 of the fishes were presumed to be males,
but after gonad and histological examination of the gonad, it
was observed that there were 42 males, seven females and
one hermaphrodite. The result from this study showed that
MT had the lowest percentage of phenotypic males (79.26%).
Group 3 had the highest percentage male ratio. The
differences among the groups were scientifically significant.
The lowest male ratio was observed in the MT diet, this may
be due to the high percentage indistinct found in group 1
compared to all other groups upon observation, while groups
3 and 4 had the lowest rate.
Hussain (2004) and Rahma et al. (2015) reported that the
sexual dimorphism of tilapia is expressed in genital papillae.
Furthermore, at the time of sex determination, few fish were
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less than 4 g in weight; at this stage, sex determination of the
gonad is difficult. Fish with reduce weight and abnormalities
were regarded as indistinct. In this study, fish genital papilla
that was not clear at the time of sex determination were
regarded as indistinct. In addition, Ekwu and Sikoki (2001),
sexed tilapia at 2 g and observed indistinct fish by gross
examination. They reported that those indistinct fish turned
out to be female after histological sectioning, which was not in
line with Berger and Rothbard (1987) that reported that
indistinct fish were regarded as male.
The liver section of the present study (Figure 3-8) showed
pathological differences among the groups, mildly congested
central vessels that were with mildly thickened vascular wall,
although group 2 were normal in the central vessels,
however, there was mild perivascular infiltration seen in
groups 3 and 4. Groups 3 and 4 showed normal central
vessels that were not congested, on the other hand, group 5
showed mildly congested central vessels, the sinusoids
appeared normal and not infiltrated by inflammatory cells.
This finding agrees with a similar study by Khater (1998) in
studying the effect of different doses (15, 30, 60, 90 mg) of
17α-methyltestosterone on the liver for 28 days and indicated
that the hepatic parenchyma had diffused vacuolar
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degeneration while the central veins and hepatic sinusoids
were congested, on the contrary, Deborah, (1990) and Kefi et
al. (2013) found that there was no deviation from the normal
morphology in livers. However, in this study, there appeared
to be differences in the hepatocytes, abundant glycogen
vacuolation in groups 2 and 4. But group 1 showed abundant
glycogen vacuolation and somewhat fat infiltration, group 3
showed moderate glycogen vacuolation, while group 5
showed abundant glycogen vacuolation with fat degeneration.
Khater (1998), also reported that liver tissue treated with 60
mg MT for 14 days showed diffuse hydropic degeneration,
congestion of central vein and haemorrhage was seen in the
hepatic parenchyma. Furthermore, Dias-Neto et al. 2016
observed that only the larvae that received hormone had
hydropic degeneration on day 28, while the fish fed with and
without hormone had more lesions and severe lesions (lipid
degeneration).
The liver histological changes in this study were
pronounced more in the fish exposed to methyl-testosterone
and pawpaw seed basal diet. Although, Myers et al. (1987)
reported that alterations are often associated with a
degenerative-necrotic condition. Similarly, Gayão et al. (2013)
found a high level of protein in fish that received steroid
hormone with higher hepatic alterations. Additionally, Sayed
et al. (2018) observed hydropic degeneration in the
hepatocytes and blood congestion in the central vein of tilapia
fish produced using 17alpha-methyltestosterone. In the same
vein, diffuse vacuolar degeneration followed by mild and
severe vacuolation of the hepatocytes was described by
Hasheesh et al. (2011). Furthermore, Suseno et al., 2020
stated that vacuole degeneration was reversible when
exposed to toxic substances and at the end of administrating
MT; cells could be returned to normal, and congestion was
preceded by degeneration of liver cells in which an enlarged
vacuole was filled with erythrocytes that cause sinusoid to
widen which was accumulated in blood and haemorrhage.
Whereas Sipahutar et al. (2013) highlighted that there is no
cure for necrosis; if it is exposed to tissue activity
continuously, cell activity will decrease, and cells will lose
some parts leading to death.
The gill section of the present study (Figure 8–12) showed
normal gill lamellae and arch with the lamellae consisting of
normal erythrocytes, chloride cells and pillar cells while the gill
arch showed normal osteocyte-like cells. This result agrees
with the study of Vallada˜o et al. (2013) that reported severe
alterations in gill structure, compromising the function of its
filaments. On the other hand, poorly arranged gill lamellae
and arch with the lamellae consisting of normal chloride cells
and pillar cells, with the gill arch showed normal osteocytelike cells was also observed in this study. Lamellar oedema is
the most common lesion in fish and may progress to necrosis

of the lamellar epithelium. This can lead to osmoregulatory
and respiratory distress, which may result in health
compromise, development, and survival of fish (Yang and
Albright 1992).
According to the study of Suseno et al. 2020, larger than
normal gill lamella looked unclear between the primary and
secondary lamellas which is a result of hypertrophy (cell
enlargement). Furthermore, Dias-Neto et al. 2016 also
reported that Edema of branchial lamellae was less
pronounced in the fish fed with natural feed at the end of the
experiment.
The histopathological examination of the muscles
revealed that muscles sections showed normal, moderate and
poor structure throughout the experimental period. In
contracts, Khalil et al., 2011 and Curtis et al. (1991) stated
that there was no change in muscle composition and traces of
hormone accumulation in the muscle tissue of fish.
Additionally, the residual value of 17 α- methyltestosterone in
Oreochromis niloticus fry muscle dropped significantly after
the withdrawal period of 6 weeks but was still higher than their
control group (El- Nemr et al., 1999). In this study, we also
observed pathological lesions including moderate to severe
necrosis.
Pandian and Kirankumar (2008) observed that a high
concentration of MT was found in the muscle and flesh;
because the MT metabolite has been absorbed into the
muscle and flesh of fish, which might cause accumulation
every month of this hormone in the flesh. In addition,
excretion of methyltestosterone and rapid metabolism by fish
treated early with the extended period needed to produce a
marketable size fish results in a safe consumer product
(Phelps, 2001).
CONCLUSION
The obtained results in this study showed the superior
effects of plant extract, steroid and natural hormone in the sex
reversal rates of Oreochromis niloticus. Although, the highest
indistinct percentage and mortality rate was recorded in the
MT-treated diet while the least was recorded in diets 3 and 4
with no significant difference. Consequently, all groups
showed histopathological differences in the livers, gills, and
muscles. However, the liver histology of groups 1 and 5
showed central vessels that are mildly congested with
abundant glycogen vacuolation and somewhat fat infiltration
while muscle histology of group 5 showed pathological lesions
including moderate to severe necrosis. These changes can
be measured as a sign of fish performance indicating the
effects of plant extract and MT. However, further studies are
essential for a better understanding of its effects.
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