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Abstract
The present study throws lights on immunological aspects of Monosex Nile tilapia (Oreochromis niloticus)
induced by using 17 α methyltestosterone (17-α-MT). A total number of 2000 yolk sac larvae were divided into
two groups based on the exposure time (15 and 30 days). Each group was subdivided into three groups based on
the concentration of 17-α-MT in the feed, first (control) group fed basal diet 0 mg 17-α-MT /kg food), group 2
(fed 40 mg 17-α-MT /kg food) and group 3 (fed 60 mg 17-α-MT /kg food). Fish in all groups were cultured
under similar feeding regime and stocking density for six months. At the 5th, 5.5 th and 6th month of age, blood
and tissue samples were collected for analysis of phagocytic activity of whole blood, lysosomal activity of
plasma, plasma IgM, and the relative expression of IL-1β and TGF1β genes. The results showed that 17-α-MT
treated groups were significantly higher in the phagocytic activity as compared with that of the control groups at
the different experimental ages. While, treatment with 17-α-MT caused no significant variation in the phagocytic
index, plasma lysozyme and IgM concentrations. MT treated groups showed a significant (P≤0.05) down
regulation of IL-1β and up regulation of TGF1β gene expression level in head kidney and spleen when compared
with those of the control group at the different experimental ages.
Keywords: Immunological parameters , Nile tilapia, Sex reversal,17 α methyltestosterone.
1. Introduction
The use of the hormone17α-Methyl testosterone
(MT) hormone to induce sex reversal in farmed
tilapias has become a common practice in many
parts of the world [5,24]. MT is a simple and
reliable way to produce all-male tilapia stocks,
which consistently grow to a larger/more uniform
size than mixed sex or all-female stocks [32] . The
total global production of tilapias and other cichlids
reached 2.6 million ton in 2010 [15] For 2011,
reported of production rates for Nile tilapia above 3
million tons per year; hence the use of MT for
production of all- male monosex Nile tilapia is
expected to increase in outspreading for its
economical advantages. For 2014, world tilapia
production reached 4.850.000 mt [13].
The recent interest in the immune system of fish
species has been regarded as an important concept
for aquaculture purpose[28] . Fish are relatively
sensitive to changes in their food and water,
including exposure to herbicide [24] and feeding
exogenous hormones which cause physiological
stress [19] and alteration in the expression of
cytokine genes which are biomarkers for fish
endocrine and immune disruption[6] . Moreover,
sex steroid hormones regulate several immune
processes in fish [2, 7,6]. These observations in
addition to the hypothesis that androgens are
immunosuppressive prompted us to investigate the
effect of feeding of 17 α- methyltestosterone (17-αMT) on the immune cell functions of the monosex
male Nile Tilapia (O. niloticus). The evaluation was
carried out through comparing hormone treated
males and control males at the same age concerning

the phagocytic activity, lysosomal activity, plasma
IgM, and the relative expression of IL-1β and
TGFβ1 genes.
2. Materials and methods
2.1 Experimental design
A total number of 2000 yolk sac larvae were
obtained from a private hatchery, Kafr El-Sheikh
Governorate at the end of August, 2014 and were
placed in well prepared glass aquaria at 28 ◦C for
about 24h for acclimation and then flushed with
potassium permanganates 5 mg/l [26] , as a
prophylactic measure. The fry were maintained in
these aquaria until absorption of yolk-sac. At the
start of exogenous feeding, about 1000 fry were
distributed
randomly
into
ten
50x50x30
experimental glass aquaria representing different 6
groups as illustrated in Table (1) Then the fry were
transported into a ten plastic aquaria (500 L
capacity) at the beginning of the 2nd month of age.
Each plastic aquarium was stocked with 100
fingerlings of (O. niloticus). Fish in all groups were
cultured under similar feeding regime and stocking
density for sex months.
The basal ration obtained from (Joe Trade
Company) with about 45% crude protein was
mixed with the 17-α-MT hormone to prepare
hormone treated diet by using the alcohol
evaporation technique according to [20].
After yolk sac absorption, the fry received the
treated (40 and 60 mg 17-α-MT /kg food) and
control (0 mg 17-α-MT /kg food or basal diet) diet
as a paste moisten with water at a rate of 20% of the
body weight (BW)/day as initial feeding till the end
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of the first month from the beginning of the
the end of 3rd month. Then 4% till the end of the
exogenous feeding. Then the feeding rates was
experiment (6 months) [32].
decreased to 12% of body weight/day till the half of
At the end of the experiment (at 5th, 5.5 th and 6th
rd
the 3 month (Shelton et al., 1978) then to 6% till
month of age), the following parameters were
determined
Table (1) Grouping of fry according to exposure time and concentration of 17 α methyl testosterone in food
Group number
Exposure time (days)
Feeding
1
Control (basal diet 0 mg 17-α-MT /kg food ) *
2
15
40 mg 17-α-MT /kg food**
3
60 mg 17-α-MT /kg food**
4
Control (basal diet 0 mg 17-α-MT /kg food ) *
5
30
40 mg 17-α-MT /kg food**
6
60 mg 17-α-MT /kg food**
2.2
Determination of phagocytic activity of
the whole blood
A total number of six whole blood samples with
EDTA (n=6) were collected from the heart of six
sexed male fish selected randomly from each group
(3 samples from each replicate) at the 5th, 5.5th, 6th
month of the experimental period for the analysis of
phagocytosis assay in the blood. Heat-inactivated
Candida albicans (C. albicans) was used to
determine the phagocytic activity of the phagocytic
cells in each experimental group according to [16].
Phagocytic rate (PR) and index (PI) were
calculated as the following:
Phagocytic rate (PR) i.e. percentage of cell with
engulfed candida in the total phagocytic cells.

Phagocytic index (PI) i.e. number of engulfed
candida per cell.

2.3 Determination of plasma lysosomal activity
The plasma lysozyme activity was measured
according to [25,10].
2.4
Determination of plasma
ImmunoglobulinM (IgM)
by using Fish Immunoglobulin M (IgM) Eliza
Kit (According to constructions of kit obtained
from CUSABIO BIOTECH Company).
2.5
Determination of the relative expression
of interleukin 1β (IL-1β) and transforming
growth factor 1β (TGF1β) genes
by using Real Time polymerase chain reaction
(RT-PCR) [27,21]. Collection of samples: Head
kidney (HK) and spleen tissues were randomly
collected from ten males from all fish groups
(control and experimental groups) after overnight
fasting at the end of experiment. Samples were put
in 2 ml epindroff tube and were immediately stored
at -80°C till RNA extraction. Forward and reverse
primers sequence for candidate genes are showed in
table (2) .

Table (2) Forward and reverse primers sequence for candidate genes
Gene
Forward primer (/5 ------ /3)
Reverse primer (/5 ------ /3)
TGF1B TATCTGGGATGCCGAAAAC
GCAGTGGCTCTAGTGTCTGT
IL-1b
TGCACTGTCACTGACAGCCAA
ATGTTCAGGTGCACTATGCGG
β actin
TGGCATCACACCTTCTATAACGA TGGCAGGAGTGTTGAAGGTCT
2.6 Statistical analysis
All collected numerical data were tested
statistically by using One- way ANOVA at 5%
level of significance followed by Fishers Least
Significant Difference test (LSD). Duncan multiple
tests at (p < 0.05) [9] were applied to evaluate the
differences among means. The statistically
homogenous means were denoted by similar

Size (bp)
114
113
139

alphabets. All analyses were performed using SPSS
16.0 version for Windows.
3. Results
3.1 Phagocytic activity
The obtained results showed in Table (3) revealed
that, the treatment of O. niloticus fry with 17 α MT
caused significant increase in the phagocytic
activity of 40 and 60 mg treated groups in two
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exposure times (15 and 30 days) when compared
testosterone administration in vivo in gilthead
with the untreated males at the different
seabream modulates particular components of the
experimental ages. However, the phagocytic index
physiological response of professional phagocytes
showed non-significant changes.
such as respiratory burst, but does not alter their
phagocytic activity. Moreover, [30] found that there
were positive correlations between plasma
3.2 Plasma lysosomal activity
The obtained results showed in Tables (4)
testosterone and activity of head kidney
revealed that treatment of O. niloticus fry with 40
phagocytes. These results may be attributed to in
or 60 mg MT for 15 or 30 days caused nonvitro treatment or due to different fish species
significant
increase
in
plasma
lysozyme
especially the physiological effect of testosterone
concentration as compared with the control at the
was different in cyprinid which is mainly
different ages. Also the results revealed that there
immunostimulant [31] .
was no significant difference concerning to the dose
The higher phagocytic activity of treated males
and exposure time (15 and 30 days) at the different
than that of normal males may be attributed to
ages.
lower plasma testosterone level in treated males
[1,32] which increase phagocytic activity because
testosterone in fish were also shown to suppress the
3.3 Plasma immunoglobulin M (IgM)
With respect to plasma immunoglobulin M, the
phagocytic
activity
of
results of this experiment revealed that treatment of
macrophages(immunosuppressive action)[33, 22,
O. niloticus fry with 40 or 60 mg MT for 15 or 30
29].
days caused non-significant increase in plasma IgM
Regarding to plasma lysozyme which is enzyme
concentration when compared to the control at the
has bactericidal action involving the hydrolyzation
different experimental ages. Also, the results
of the peptidoglycan of bacterial cell walls resulting
revealed that there was no significant difference
in cell lysis and associated with the defense against
concerning to the dose and exposure time (30 and
Gram-positive bacteria, but has been found to lyse
15 days) at the different experimental ages table
Gram-negative bacteria as well. Furthermore, this
(4).
enzyme is known to trigger an opsonin of the
complement system and phagocytic cells [18] , the
obtained results showed that treatment of O.
3.4 The relative expression of interleukin 1β
niloticus fry with 40 or 60 mg MT for 15 or 30 days
(IL-1β) and transforming growth factor 1β
caused non-significant increase in plasma lysozyme
(TGF1β) genes
The obtained results revealed that MT treated
concentration as compared with the control at the
groups showed a significant (P≤0.05) decrease in
different ages. These results are in accordance with
IL-1β and increase in TGF1β gene expression level
those obtained by [31] who found that plasma
in head kidney and spleen when compared with
lysozyme activity was not significantly affected by
those of the control groups at the different
testosterone administration in male and female
experimental ages table (5, 6).
tench Tinca tinca.
With respect to plasma immunoglobulin M, the
results of this experiment revealed that treatment of
4. Discussion
The obtained results revealed that the treatment
O. niloticus fry with 40 or 60 mg MT for 15 or 30
of O. niloticus fry with 17 α MT caused significant
days caused non-significant increase in plasma
increase in the phagocytic activity of the whole
immunoglobulin M (IgM) concentration when
blood when compared with the untreated males at
compared to the control at the different
the different experimental ages. These results are in
experimental ages. These results are similar to those
agreement with the results of [4] who found that
reported by [8] who found that intraperitoneal
testosterone but not 11-ketotestosterone was able to
injection of gilthead seabream Sparus aurata with
increase the phagocytic ability of non-activated
testosterone caused no significant changes in the
phagocytes in gilthead seabream (Sparus aurata L.).
plasma immunoglobulin M (IgM) levels compared
[29] found that no change occurred in the
to non-treated males.
phagocytic index when splenic macrophages were
Concerning to interleukin 1β (IL-1β) gene, the
treated with testosterone.
obtained results revealed a significant (P≤0.05)
On the other hand, [17,23] found no effect of
down regulation of IL-1β gene expression level in
testosterone on leukocyte phagocytosis with hybrid
head kidney and spleen of treated group as
tilapia O.niloticus (L). x O. aureus or in common
compared to the control group. These results are in
carp (Cyprinus carpio L.). Also, [2] reported that
agreement with those obtained by [2] who found
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Table (3) Effect of 17 α methyltestosterone treatment on phagocytic rate (%) and index (ratio) of the whole blood of O. niloticus at 5,
5.5 and 6 months age (mean ± SE)
5 months
5.5 months
6 months
Period Treatment
Phagocytic
Phagocytic
Phagocytic
Phagocytic
Phagocytic
Phagocytic
rate
index
rate
index
rate
index
57.33±0.88 b
2.13±0.06 a
55.00±1.10 b
2.37±0.05 a
56.00±1.00 b
2.59±0.03 a
15 days Control
40mg
61.67±0.67 a
2.11±0.04a
61.33±0.88 a
2.31±0.07a
61.00±1.00 a
2.46±0.05a
a
a
a
a
a
60mg
62.00±0.97
2.13±0.05
63.67±0.76
2.44±0.06
62.67±0.88
2.60±0.08 a
b
a
b
a
b
58.24±0.88
2.14±0.06
55.00±1.10
2.37±0.05
56.00±1.00
2.59±0.03 a
30 days Control
a
a
a
a
a
40mg
61.77±0. 88
2.12±0.04
63.33±0. 88
2.39±0.07
62.33±0. 88
2.47±0.04 a
a
a
a
a
a
60mg
62.17±0.91
2.21±0.07
64.33±1.10
2.55±0.08
63.67±0.88
2.62±0.08 a
Means with different superscript letters in the same column are significantly different (p < 0.05).
Table (4) Effect of 17 α methyltestosterone treatment on plasma lysozyme and immunoglobulin M (IgM) (µg/ml) of O. niloticus at
5, 5.5 and 6 months age (mean ± SE)
Period
5 months
5.5 months
6 months
Treatment
Lysozyme
IgM
Lysozyme
IgM
Lysozyme
IgM
(µg/ml)
(µg/ml)
(µg/ml)
(µg/ml)
(µg/ml)
(µg/ml)
15 days
Control
338.68±2.16 a
128.63±1.89 a
329.58±1.04 a
128.04±1.31a
335.30±1.57a
±1.22a

30 days

40mg
60mg
Control
40mg
60mg

342.41±1.58 a
131.47±0.95 a 332.52±1.28 a
130.00±1.11a
338.76±1.00a
131.73±1.36a
a
a
a
a
a
341.14±1.62
132.51±0.71
332.08±1.33
131.18±1.21
336.38±0.90
133.80±1.03a
a
a
a
a
a
338.68±2.16
128.63±1.89
329.58±1.04
128.04±1.31
335.30±1.57
130.07±1.22a
a
a
a
a
a
338.94±2.14
129.96±1.57
331.29±1.00
129.83±1.05
335.54±1.36
130.94±1.28a
a
a
a
a
a
344.03±2.19
132.67±0.86
332.68±1.38
132.00±1.06
338.85±1.23
133.99±0.90a
Means with different superscript letters in the same column are significantly different (p < 0.05).

Table (5) Effect of 17 α methyltestosterone treatment on the relative expression of IL-1β gene (Fold change mean ± SEM) in head
kidney and spleen of O. Niloticus at 5, 5.5 and 6 months of age
Period
Treatment
5 months
5.5 months
6 months
Head kidney
Spleen
Head kidney
Spleen
Head kidney
Spleen
15 days
Control
1.00 ± 0.01a
1.00 ± 0.01a
1.00 ± 0.01a
1.00 ± 0.03a
1.00 ± 0.03a
1.00 ± 0.03a
40mg
0.72±0.02b
0.71±0.04b
0.70±0.03b
0.67±0.03b
0.66±0.03b
0.62±0.03b
b
c
b
b
b
60mg
0.55± 0.02
0.48± 0.02
0.54± 0.02
0.47± 0.02
0.51± 0.02
0.45± 0.03 b
a
a
a
a
a
30 days
Control
1.00 ± 0.01
1.00 ± 0.01
1.00 ± 0.01
1.00 ± 0.03
1.00 ± 0.03
1.00 ± 0.03a
b
b,c
b
b
b
40mg
0.64±0.03
0.52±0.03
0.60±0.03
0.51±0.03
0.57±0.02
0.50±0.02b
c
d
c
c
c
60mg
0.31± 0.03
0.26± 0.03
0.25± 0.02
0.22± 0.01
0.23± 0.01
0.17± 0.01c
Means with different superscript letters in the same column are significantly different (p < 0.05).
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Table (6) Effect of 17 α methyltestosterone treatment on the relative expression of TGF1β gene (Fold change mean ± SEM) in head kidney and spleen of
O. Niloticus at 5, 5.5 and 6 months of age
Period
Treatment
5 months
5.5 months
6 months
Head kidney
Spleen
Head kidney
Spleen
Head kidney
Spleen
15 days
Control
1.00 ± 0.10d
1.00 ± 0.11d
1.00 ± 0.10d
1.00 ± 0.11d
1.00 ± 0.12d
1.00 ± 0.10d
40mg
4.06±0.17c
4.69±0.20c
4.72±0.17c
5.70±0.20c
4.79±0.20c
4.11±0.24c
b
b
b
b
b
60mg
6.59± 0.28
8.57± 0.30
7.46± 0.28
8.17± 0.30
8.28± 0.31
8.22± 0.35b
30 days
Control
1.00 ± 0.10d
1.00 ± 0.11d
1.00 ± 0.10d
1.00 ± 0.11d
1.00 ± 0.12d
1.00 ± 0.10d
b, c
b,c
b
b
b,c
40mg
6.23±0.21
8.06±0.28
7.11±0.21
7.67±0.28
6.73±0.27
5.86±0.27b
a
a
a
a
a
60mg
9.92± 0.32
12.64± 0.42
10.41± 0.32
13.93± 0.42
11.88± 0.39
11.31± 0.46a
Means with different superscript letters in the same column are significantly different (p < 0.05).
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