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Abstract

This study was designed to investigate effect of sex reversal hormones on testosterone level and gonadal
development of Nile Tilapia. Five male and ten female brooders of average weight 550g and 390g were
used. Brood stocks were acclimatized with spawning facility placed in each acclimatisation container to
facilitate breeding and fed commercial diet at 3% body weight. After acclimatization, the brooders
spawned at average temperature of 25.5°C and were collected after 7 days and randomly divided to their
treatment containers. Two experimental feeds containing 17-aMethyl Testosterone Hormone and Aloe
vera gel were prepared. 3¢ of 17- a Methyl Testosterone Hormone powder was dissolved in 2L of 95%
ethyl alcohol. 25mls, 50mls and 75mls from the solution was mixed with 2509 commercial fry feed,
dried and stored. Aloe vera leaves were procured, washed thoroughly and the gel was scrapped and
blended for a homogenous liquid. 2.5mls, 3.75mls and 5mls were measured and mixed with 250g of
commercial diet and allowed to dry and latter grounded and sieved before storing in air-tight containers.
60 fry was stocked in triplicates for both treatments in rectangular plastic boxes of 20L each and fed
with respective experimental diets and normal commercial diet for the control. Feeding was
administered at 5% body weight at 08:00hrs, 14:00hrs and 18:00hrs for 60 days and water changed
weekly. ELISA KIT was employed in the determination of testosterone and androgen level and
histological analysis was conducted to ascertain gonadal development in masculinized tilapia. Results
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obtained revealed that MTH3(75mls) and ALV3(3.75mls) had significant testosterone values of 1.05
each. ALV1(2.5mls) and ALV2(3.75mls) for the male gonads exhibited numerous early stages of
spermatocytes with round premeiotic germ cells while ALV1(2.5mls) showed slow degeneration of
oocyst in females. MTH and Aloe vera gel promotes Testosterone levels and gonadal development in
masculine Nile Tilapia.

Key words: MTH, Aloe vera, Oreochromis niloticus, Gonad Development, Testosterone.

INTRODUCTION

Producing all-male Nile tilapia (Oreochromis niloticus) is a common aquaculture practice
because males generally show faster growth and more uniform size distributions in culture
(Dai et al., 2024). The standard technique for monosex production is early life exposure to
synthetic androgens (most commonly 17a-methyltestosterone, MT) delivered through
medicated feed during the sensitive period for gonadal differentiation. Tilapia are easy to
culture and adapt to a variety of environmental conditions. Tilapia consume a wide range of
food, including phytoplankton, periphyton, zooplanktons, larval fish, and detritus. Adult
tilapia is primarily herbivorous, but they readily adapt to complete commercial diets
containing plant and animal protein sources. Tilapia is one of the most important human
protein sources and it is currently the most widely cultured species (FAO, 2020).

According to FAO (2020), fisheries and aquaculture play an important role as sources of food
and income, and thus critical in addressing global nutritional imbalance and economic
demands. However, wild fish stocks have generally experienced full or over-exploitation
(FAO, 2020).

Tilapias are the world's second most important farmed finfish (FAO, 2014). Despite the impact
of COVID-19, global production of farmed tilapia increased by 3.3 percent in 2020 to reach 6
million tons for the first time (Abu-Elala et al., 2020). The ability to produce tilapia in a variety
of aquatic environments, selective breeding, and the potential to replace marine fish products
have all contributed to the global expansion of tilapia production (Abu-Elala et al., 2020). Due
to these characteristics, the species is able to adapt quickly to new environments, displaying
a diverse range of biological responses to various environmental conditions both in culture
and in nature (Abu-Elala et al., 2020).

Despite these characteristics, tilapia cultures are negatively impacted by the onset of
precocious sexual maturity and prolific breeding, which results in overpopulation and
consequently stunted growth, production of uneven fish sizes, longer culture periods, and
low marketable sized fish (Omeje, 2016). The difficulty in producing large-sized fish for
commercial purposes thus limits tilapias' full aquaculture potential. The concept of tilapia
monosex culture production (preferably male) provides an opportunity to control undesirable
spawning, which minimizes stunted growth, shortens culture duration, and thus improves
yield and economic return (Omeje, 2016). Hormonal sex reversal is the most efficient and is a
widely used technique that allows for the mass production of all-male tilapia in both small
and large-scale production systems (Jensi et al., 2016).

However, the widespread use of sex-reversal hormones in hatcheries may endanger the health
of workers, consumers, and the environment (Megbowon and Mojekwu, 2014).

Several medicinal herbs have been found to contain phytoandrogens (Ghosal and
Chakraborty 2014) and phytoestrogens, which are thought to have functional effects similar

to testosterone or estrogens. However, medicinal plants such as Ceylon spinach (Ghosal and
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Chakraborty 2014; Ghosal et al., 2015), soybean Glycine max (El-Sayed et al., 2012), soapbark
tree Quillaja saponaria (Francis et al., 2002), Tribulus terrestris (Omitoyin et al., 2013), Moringa
oleifera (Ampofo and Yeboah, 2013), Aloe vera (Jegede, 2011) and fenugreek (Stadtlander et al.,
2008) extracts reportedly shifted the sex ratio in favor of male tilapia when administered
through diets.

Several medicinal herbs have been found to contain phytoandrogens (Pandian and Sheela,
2021) and phytoestrogens (Zaki et al., 2021), which are thought to have functional effects
similar to testosterone or estrogens. However, medicinal plants such as Ceylon spinach
(Ghosal et al., 2015), soybean Glycine max (El-Sayed et al., 2012), Tribulus terrestris (Omitoyin
et al., 2013), Moringa oleifera (Ampofo and Yeboah, 2013), Aloe vera (Jegede, 2011) reportedly
shifted the sex ratio in favor of male tilapia when administered through diets.

Aloe vera plant as an alternative to synthetic hormones with phytochemicals have
Polysaccharides, anthraquinones, lectins, nitrogen, phenol, sterols, tannins and sulfur among
its active ingredients which were reported to affect sex hormones in the Green Terror
Andinoacara (Aequidens) in male catfish (Mateen, 2007), gonadal histological changes in
tilapia (Jegede, 2011), sex reversal of genetically improved farmed tilapia with A. vera powder
(Ndakalimwe et al., 2015).

Furthermore, the information on the use of Aloe vera gel (AVG) meal to reverse sex of fish will
be able to provide treatment procedures for tilapia precocious breeding and further assist fish
farmers to enhance their economic returns by farming profitably with tilapia as well as reduce
or eliminate the use of unsustainable synthetic hormones (Reverter et al., 2014). Wild spawns
in tilapia culture ponds have resulted in premature maturity and uncontrolled reproduction
in farmed tilapia (Ndakalimwe et al.,2015). This situation has an impact on critical tilapia
production parameters like growth rate, feed utilization efficiency, flesh quality traits,
external appearance, health, and survival rates (Rocha, et al., 2020). The difficulty in producing
large-sized fish for commercial purposes thus limits tilapias' full aquaculture potential. To
achieve efficient and sustainable development of tilapia farming, it is critical to control their
early maturity and frequent breeding. Furthermore, natural reproductive inhibitory agents in
plants are needed to control undesirable tilapia recruitment in ponds. The World Health
Organization (WHO) also encourages the use of medicinal herbs and plants to replace the use
of steroid hormones in commercial aquaculture due to a global trend toward natural
substances that are less expensive, environmentally friendly, locally available, biodegradable
and constitute appropriate technology for tilapia production in developing countries
(Watanabe et al., 2022). This study therefore investigates the effect of sex-reversal hormones
on plasma testosterone concentration, gonadal differentiation and histological development
in Oreochromis niloticus.

MATERIALS AND METHODS

Study Site and Acclimatization of Brood Stock

The study was conducted in the fisheries and Aquaculture unit, National Agricultural
Extension Research and Liaison services, Ahmadu Bello University Zaria, Nigeria. Males and
female brooders of approximate weight 550g and 390g respectively were obtained from
Bagauda fish farm in Kano in the ratio of 1:2 and transported in polythene jars between
06:00hours and 09:00hours to the experimental site. Brooders were acclimatized in 1000L
containers (3) filled with 600L water level according to sex while spawning facility (hapas)
were placed in each container to facilitate breeding activity (Ghosal et al., 2015). The brooders
of this time were fed Commercial feed (0.1mm) size at 3- 5% body weight according to (Jegede,
2011) for 30 days. Water quality parameters such as water temperature and pH using multi
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parameter HANNA instrument (model H198129) while Dissolved Oxygen were monitored
using Winkler’s Titrimetric respectively (El-Sayed, 2016).

Hatching Procedure

After acclimatization period, the brooders spawned at a temperature range of 22-29°C in their
respective Containers, eggs were laid by the females and fertilized by the male after which the
females incubate the eggs followed by brooding. After 7 days, the newly hatched fry were
collected by flushing them out from the females” brood stocks mouth in a separate container
and randomly divided to their treatments containers of twenty (20) litres at sixty (60) fry per
treatments making a total of 420 fry for the experiments.

Experimental Feed Preparation

Experimental feed containing 17-aMethyl testosterone hormone (MTH) (Treatment A)
3grams of synthetic 17- a Methyl Testosterone Hormone powder was dissolved in 2 litres of
95% ethyl alcohol. The mixture was thoroughly mixed to get a clear stock solution. (Fuentes-
Silva et al., 2013). 25mls, 50mls and 75mls from the stock solution was sprayed using a sprayer
and mixed with 250g commercial fry feed (0.Imm diet) for even distribution and spread on
clean dry surface at room temperature and allowed the alcohol to evaporate for three (3) days
and later kept inside air tight containers and labelled appropriately (Fuentes-Silva et al., 2013).

Experimental feed containing Aloe vera gel (ALV) (Treatment B)

Aloe vera leaves (i.e., Aloe barbadensis) were collected from NEARLS garden ABU Zaria. The
leaves were identified in the herbarium laboratory, department of Botany, and thereafter
washed under running water. A clean and sharp knife was used to scrap the gel from the A.
vera leaves and blended for a homogenous liquid. Measuring cylinder was used to measure
2.5mls, 3.75mls and 5mls of the Aloe vera gel which were then mixed with 250g of 0.1mm
commercial diets respectively and allowed to dry on a clean surface under room temperature
and latter grounded and sieved with 0.1mm diameter sieve and stored in air tight containers
with appropriate label in a cool environment.

Experimental Set-Up:
The experimental set-up was designed in two phases.

Phase one:

Phase one of the experiment was set up immediately after hatching process. The fry was
divided into Group A; Methyl testosterone diet (MTH) and Group B; Aloe vera diet (ALV) with
a control. Each of the groups was subdivided into three and triplicated following their
experimental feeds concentrations. Group A had three concentrations viz MTH1 25, MTH2 50
and MTH3 75mls. Group B was labelled ALV1 2.5, MTH2 3.75 and MTH3 5mls. Sixty (60) fry
were stocked in all treatments for both groups with control in 20L each of rectangular plastic
storage boxes and fed three times daily for 60 days and water changed weekly.

Phase two;

Phase two of the research was conducted, with commercial diet without treatments for a
period of four (4) months. All water quality parameters, and growth were monitored using
standard methods.
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Determination of Testosterone and Androgen Residue level in Carcass of masculinized
Tilapia

ELISA KIT was employed in the determination of testosterone and androgen level in
masculinized tilapia fish (Catalogue No; EUO400). Analysis was conducted at the department
of veterinary Medicine, Faculty of Medicine Ahmadu Bello University Zaria.

Histological Analyses of O. niloticus gonads

The histological analyses of gonads were conducted at the pathology laboratory. Veterinary
Teaching Hospital, Ahmadu Bello University, Zaria. Standard methods of Afuang, et al. (2003)
were employed. Each sample was allocated an identification number. Tissues were removed
from fresh samples each and stored in 10% formalin for fixation. Fixation was completed in
48hours. This was followed by processing which involved the following steps.

Dehydration of the fixed tissue: The tissue was immersed in succession for 12 hours each in
70% ,80% and 95% alcohol in standard procedure.

Cleaning Xylene was used to clear up all alcohol content in the time. The tissue was immersed
in xylene for three hours (3hours). This process creates vacuum spaces on the tissue air spaces.

Impregnation The sample was then immersed in liquid paraffin and placed in a vacuum. The
vacuum temperature was adjusted to maintain the paraffin in its liquid form. The set up was
allowed for 4 hours. The liquid paraffin replaces the xylene and also occupied all the air spaces
in the tissue a process called impregnation.

Embedding Impregnated tissue samples were mounted in a mold using liquid paraffin wax
and allowed to solidify. The solid wax was trimmed and then mounted in a microtone and
sectioned. The sectioned tissues were soaked in tap water to soften it for 24 hours. The tissue
was then allowed for 10-20 minutes for further softening.

Sectioning Microtone sectioned the tissue at 6-10 microtone thickness continuously at the
same thickness. This gives the accurate tissue size for microscopic examination.

Mounting A clean slide was used; a diamond marker was used to transfer the identification
mark of the specific sample to each slide. Drop of egg albumin was smeared on the marked
slide and flushed with 20% alcohol. Section of tissue was picked and placed on the slides and
placed in a hot plate and heated then dry for 24 hours. After this stage, the samples undergo
staining using xylene at first step to clear wax, a process called de-paraffinization. The samples
were left in xylene for 5 minutes then dehydrated by dipping once or twice in absolute alcohol,
then 95%,80% and 70% in reverse direction. The samples were then washed with clean tap
water and with alcohol further for 5 minutes. The samples were washed further with clean
tap water to dilute the acid alcohol for 40-15 minutes. The samples were further stained in
eosin reagent for 1-2 minutes and were further washed with clean tap water. Rehydration
process by dipping in 70%,80%, and 90% in absolute alcohol was done to clear up the xylene.
Drop of mounting medium, depex was placed on the slide and the slide was turned upside
down to pick a cover slip. This was then allowed to dry for 24 hours to make a permanent
slide. The slide was then read and interpretation by an expert in Histology department, faculty
of veterinary Medicine Ahmadu Bello University, Zaria.

Data Analyses
Data collected were summarized using descriptive statistics, line graph and bar chats was

used in presenting data collected on hematology, blood biochemistry, growth response of
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masculinized Oreochromis niloticus. Microsoft excel 2016 version was also used in analyzing
data. Analysis of variance was used to compare treatment mean with respect to feed
utilization, carcass composition at 5% level of significance were observed, Duncan’s multiple
range test was employed to separate means.

RESULTS

Testosterone levels in the carcass of Nile tilapia after the experiment

Figure 4.3, shows the testosterone levels of tilapia fish after the experiment. Treatment MTH3
(75mls) and ALV3 (3.75mls) had the highest significant values of 1.05 each, followed by
ALV1(2.5mls) and ALV2 (3.75mls) with 1.03 each. MTH2(50mls) and MTH1(25mls) had 0.98
and 0.97 respectively. The control been the lowest with 0.71. The difference in the testosterone
values among the treatments were not significant. (p<0.05)

1.4
1.2

1
0.8
0.6

0.4

Testosterone (ug/ml)

0.2

Z /4
/4
%
/2%
I
w0
/2

0
MTH1 MTH2 MTH3 ALOV1 ALOV2 ALOV3 Control

Figure 4.3: Testrosterone level in Tilapia fed experimental diets.
Key: ALOV =Aloe vera, MTH = Methyltestosterone,

Gonadal Histology of Masculinized O. niloticus fed with Aloe vera gel meal

Gonadal squash in Plates I and V indicates that gonads of male and female experimental
fish fed with Aloe vera gel revealed that ALV1(2.5mls) and ALV2(3.75mls) exhibited
numerous early stage of spermatocytes in male gonads with round premeiotic germ cells
(primary spermatogonia), ALV3(3.75mls) (Plate II) showed presence of primary
spermatogonia with round nuclei including several nucleoli with many ley dig cells in the
interstitium between the germ cells, and the germ cells, lined up in small seminiferous
tubules with numerous early stage spermatocytes were observed, which histologically is
similar to the fish from the control group. For the female gonads, ALV1(2.5mls) (Plate IV)
showed slow degeneration of oocyst, ALV2 (3.75mls) (Plate V) showed atretic oocyst (i.e.,
the inability of oocyst to developed or failed to released eggs), and ALV3 (5.0mls) (PlateVI)
showed increased severe atretic follicles of the ovaries. Plate VII shows a normal trend in
the Gonadal development in control group showing early-stage formation of spermatocytes.
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Plate I: Photomicrograph of Tilapia male gonad Fed diet containing (ALV1 at 2.5mls)’ showing numerous
early stage of spermatocytes formation

A & l R L e

Plate II: Photomicrograph of male Tilz;pia gonads treated with ALV2 at 3.75mls, shoWing
more formation of spermatocytes with round pre-meiotic germ cells (Primary spermatogonia)

Isah Z.M. et al, DUJOPAS 11 (4d): 100-113, 2025 106



Effects of Sex Reversal Hormones on Testosterone Level and Gonadal Development of Nile Tilapia

Plate III: Photomicrograph of male Tilapia gonads treated with ALV3 at 5.0mls showing presence of pri-
spermatogonia with several round nuclei and many ley dig cells in the interstitium between germ cells which
lined-up in seminiferous tubules with numerous early stage spermatocytes.

Plate IV: Photomicrograph of Female éonad of ALV1 (2.5mlsj shoing slow degenération of oocys
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Plate V: Phot;ﬁiicrograph of Female gonad of ALV2 (3.75mls) showing atretic bocys (i.e the inability of

Plate VI: Photomicrograph of Female gonad of ALV3 (5.0mls) showing increased severe atretic follicles of the

ovaries.
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DISCUSSION

Effects of Hormone Treatment on Testosterone Levels of masculinized Oreochromis
niloticus

Hormone-treated fry exhibited considerable alterations in testosterone concentrations
compared with the control. The testosterone concentration of the fish after experiment
indicated that Aloe vera treatments groups ALV1 (2.5mls/g) and ALV2 with (3.75mls/g) had
1.03ng/ml of testosterone residue each, this was followed by ALV3 (5.0mls/g) with
1.05ng/ml of testosterone residue. The control group had the least value of 0.71ng/ml. The
testosterone level was (1.03-1.05ng/ml) and is within acceptable range standard of (0.313-
20ng/ml) of ELISA KIT; CAT-EU0400 Version 3.0 for quantitative detection of testosterone in
serum, plasma, tissues homogenates and other biological fluids. The present result is in line
with the studies of (Bhandari ef al.,2023) on salmon fish, (Lopes et al., 2008) on cat fish and (xie,
2015) on carp. The minimal use and long interval between hormonal administration and
harvesting in fish allow for hormonal elimination which reduces the risk of health hazard in
consumption. This pattern aligns with earlier reports that exogenous androgens influence
endogenous steroidogenesis during early gonadal ontogeny in tilapia (Pandian & Sheela,
2021; Martinez et al., 2020). Elevated testosterone in hormone-exposed groups suggests
stimulation of Leydig cell activity, a response commonly associated with androgenic
compounds used for masculinization (Phelps & Okoko, 2023). However, excessively doses
may disrupt normal steroid feedback mechanisms, occasionally producing suppressed
testosterone, as observed in other teleosts subjected to supra-physiological androgen exposure
(Gale et al., 2022). Nevertheless, the chemical free method for production of male monosex
tilapia would be an ideal practice for aquaculture (El-Sayed et al., 2024).

Histology of gonads of masculinized Oreochromis niloticus

The gonads revealed the histological examination of the testes and ovaries ; For the male
gonads from the experimental fish, it revealed ALV1(2.5mls/g) and ALV2 (3.75mls/g)
showed numerous early stage of spermatocytes with round pre-meiotic germ cells (primary
spermatogonia),whereas ALV3 (5.0 mls/g) showed presence of primary spermatogonia with
round nuclei including several nucleoli with many ley dig cells in the interstitials between the
germ cells which lined up in small seminiferous tubules with numerous early stage
spermatocytes, connective tissues, and normal spermatozoa were observed which histology
is similar to fish from the control group.

The female gonads from the experimental fish revealed ALV1 (2.5mls/g) slow degeneration
of oocysts, ALV2 (3.75 mls/ g), showed increased atretic oocysts, that is the inability of oocysts
to developed or failed to released eggs, whereas ALV3 (5.0mls/g) showed severe atretic
follicle of the ovaries that is a severe process which the follicle fails to developed, ovulate and
released eggs resulting in a ruptured follicles, inflammation of the granulomatous in the
interstitial, evidences of abnormal gonadal development and necrosis.

The study demonstrated a clear shift toward male differentiation in hormone treated groups,
evidenced by increased proportions of testes and reduced occurrence of ovaries relative to the
control. This observation supports the well-established principle that early exposure to
androgens can override the genetically determined gonadal pathway and direct fish towards
testicular differentiation (Kobayashi et al., 2021). Masculinization success is strongly
influenced by the timing of hormone administration. Fry exposed during the critical window
of sex differentiation, usually the first 28 days’ post-hatch respond more effectively to
androgen induction (Phelps & Popma, 2020). The high proportion of phenotypic males
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observed indicates that the exposure period used in this study coincided with the sensitive
developmental stage.

However, partial feminization features observed among treated fish may reflect incomplete
hormone uptake or differences in metabolic functions among individuals. These outcomes are
common in hormone treatment experiments and have been attributed to variability in feed
intake, hormone leaching from feed or intrinsic genetic factors influencing responsiveness
(Baroiller and D'Cotta, 2022; El-Sayed et al., 2024). These findings are also in line with the
report of (Bhandari et al.,2023) on sex reversal of Nile tilapia were damages on ovaries are
observed and inhibit reproduction. Ndakalimwe et al, (2015) also observed that Aloe vera gel
diet may be effective as reproduction inhibitory agent as it causes damage to female gonad of
both male and female at high level thereby potentially impairing reproduction.

Histological examination confirmed that hormone treatment influenced testicular
differentiation and structural organization. Androgen treated gonads displayed classical
testicular features, well-defined seminiferous tubules, abundance of spermatogonia and
progressive spermatogenic stages. These patterns resemble those described in masculinized
tilapia exposed to 17a-methyltestosterone and related androgenic compounds (Rocha et al.,
2020; Watanabe et al., 2022).

In Comparison with the control, treated gonads also exhibited key indicators of active
masculinization (enhanced development of stromal tissues and more compact seminiferous
features). Mild structural irregularities in some treated gonads such as incomplete tubule
formation or mixed germ cells may reflect endocrine overstimulation or suboptimal hormone
dose. Similar histological anomalies have been reported in cases where hormone exposure
exceeded the optimal threshold or where feed-borne hormones were unevenly distributed
(Garcia-Herndndez et al., 2021). Similar histological effect was reported by (Jegede, 2010)
where damage done to tissues of the testes and ovaries were minimal at lower dietary Hibiscus
Rosa sinensis leaf meal levels (1.0 or 2.0 g/kg diet), and at higher dietary levels (3.0 or 4.0 g/ kg
diet), it caused disintegration of many more cells, rendering the testes and ovaries devoid of
spermatids and oocytes, respectively.

Under normal developmental conditions in Nile tilapia, higher number of females were
obtained compared to males. The Aloe vera gel treatments given to tilapia hatchlings before
sex differentiation influenced the sex of the population as it skewed the tilapia fries towards
male development by initiating testicular differentiation, which was evident by the histology
and expression of more male sex specific features than those of females. This indicated that A.
vera gel at high levels of concentration causes histological damage to the gonads of both male
and female O. niloticus, thereby potentially impairing reproduction.

CONCLUSION

17a-methyltestosterone (MTH) and Aloe vera gel (ALV) exhibit significant effects on
testosterone levels and gonadal development in Nile tilapia (Oreochromis niloticus). Higher
testosterone concentrations were observed in fish fed MTH3 and ALV3 diets, indicating that
both synthetic and plant-derived androgens can effectively stimulate androgenic activity
during early development. Histological observations further confirmed the masculinizing
effects of Aloe vera, as male gonads showed increased early spermatocyte formation while
female gonads exhibited varying degrees of oocyte degeneration and atresia across ALV
treatments. These findings suggest that Aloe vera gel possesses phytochemical constituents
capable of influencing sex differentiation in tilapia, with effects comparable to conventional
synthetic hormones.
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