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Abstract
Background: Fish, a widely claimed healthy food for humans, could also pose problems to health due to
accumulation of pollutants, especially heavy metals and pesticides. Since the world’s fish stocks are limited due to
overfishing, degraded freshwater, and pollution from various sources, the government proposed farmed fish which
is one of the fastest growing food production sectors as an alternative.
The objective of this study was to investigate the effects of tilapia or Mugil cephalus fish diets obtained from
polluted areas on male reproductive hormones and prolactin. A total of 80 male Wister albino rats having an
average weight of 130–150 g at the beginning of the experiment were used. They were divided into control group
and seven treated groups which received the following doses that increased monthly according to the increase in
rat body weight (b.w.). The treated groups received 200 g/70 kg human b.w. which is equivalent to 0.4 g/140 g rat
b.w., 0.63 g/220 g rat b.w., and 0.83 g/291 g rat b.w. of tilapia fish (wild and farmed freshwater and brackish water)
or Mugil cephalus fish (farmed freshwater and brackish water and wild marine water) daily for 3 months then were
left on AIN-93M diet and purified water ad libitum.
Results: The present results demonstrated that tilapia and Mugil cephalus fish diets caused decrease in serum total
testosterone, follicle-stimulating hormone, luteinizing hormone, and sperm count, while sperm abnormalities
significantly increased. Also, significant elevation of serum prolactin was observed in male rats fed with the same
diets except wild brackish water tilapia fish and farmed freshwater and brackish water Mugil cephalus fish diets
which showed a decrease. However, tilapia and Mugil cephalus fish diets had no effect on serum 17β-estradiol. The
histopathological studies confirmed biochemical data as less dense packing of spermatogenic cell of the
seminiferous tubules with reduction in the number of sperms in lumen of the epididymal tubules.
Conclusions: These results may indicate that consumption of tilapia and Mugil cephalus fish diets from polluted
areas has adverse effects on male reproductive hormones and prolactin in male albino rats.
Keywords: Wild fish, Farmed fish, Pollutants, Male reproductive hormones, Prolactin

Background
Fish is a dynamic source of food for people worldwide.
Consuming fish provides an important source of proteins, polyunsaturated fatty acids (PUFAs), liposoluble
vitamins, and essential minerals, which are associated
with health and normal growth (Wim, Issabelle, Stefan,
& John, 2007). Drawing on such evidence, the global demand for seafood products is continuing to increase dramatically, but wild fish stocks are being depleted rapidly
due to overfishing, degraded freshwater, pollution from
various sources, illegal fishing operations of fry, and
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relaxation in the implementation of laws and regulations
(Rothuis et al., 2013). Therefore, as an alternative fish
source, aquaculture is probably the fastest growing
food-producing sector in the world (FAO, 2014) and it
has a great potential to meet the growing demands for
seafood and animal protein (Yue, Lin, & Li, 2016).
Today, most fish consumed globally by people comes
from aquaculture (FAO, 2014).
However, some concerns about potential health hazards
derived from pollution found in fish have also been raised.
Therefore, the adequate balancing of the risks and benefits
of fish consumption is currently a nutritional and environmental health key issue (Domingo, 2007). A wide range of
toxic substances are present in the aquatic environment
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such as heavy metals and pesticides which are produced
by human activities (through the discharge of agricultural,
municipal, residential, or industrial waste products), and
they can accumulate in the muscles of fish (Maier et al.,
2014; Petkovšek, Grudnik, & Pokorny, 2012). Consequently, recurrent fish meat consumption may allow high
amounts of toxicants to enter the human body, to accumulate in tissues and to generate chronic toxicity, which
inter-affects the male reproductive system and may lead
to decreased fertility (Gdoura et al., 2011).
As for aquaculture, rearing of fish is practiced in
ponds which are fertilized with manure fertilizers
(chicken manure and cattle manure) and chemical fertilizers (urea and super phosphate) to allow production up
to 2000 to 3000 kg/hectare/crop. In addition, the fish
larvae are fed with feeds that are incorporated with the
synthetic steroid 17α-methyl testosterone (17 α-MT)
which is a male-specific hormone commonly used to induce sex reversal in farmed fish at a concentration of
60 mg/kg of feed (Zheng et al., 2016). 17α-MT treatment
results in a final size of fish 10.7% larger and more uniform size than mixed sex fish (Ahmad, Shalaby, Khattab,
& Abdel-Tawwab, 2002). Rizkalla, Haleem, Abdel-Halim,
and Youssef (2004) found that whole-body samples of
normal fish and those treated for 28 days with 17α-MT
contained detectable amounts of testosterone only in the
first 5 months after the termination of feeding.
Rivero-Wendt et al. (2014) showed that higher levels of
17 α-MT produced some testicular degeneration.
In water resources in aquaculture, although aquaculture is a major industry, the sector is not allowed to use
irrigation by Nile water and is generally dependent on
groundwater and agricultural drainage channels that are
contaminated with pesticides and other harmful compounds such as heavy metals (Naziri, 2011). But the majority of farmers use natural water resources such as
Nile water and lake water that are contaminated with industrial, domestic, and agricultural drainage and sewage.
Aravindakshan, Gregory, Marcogliese, Fournier, and
Cyr (2004) said that feeding male rats with contaminated
fish could alter the development of their reproductive
systems. Also, Gdoura et al. (2011) showed that feeding
male rats with muscle wild tuna fish for 60 days lowered
testosterone level and number and motility of spermatozoa and caused an atrophy of the genital tract, including
the testes, epididymis, prostate, and seminal vesicles.
Moreover, Risso, Pellegrino, Relling, and Corrada (2016)
noted that supplementation of 54 mg/kg fish oil for
120 days decreased serum testosterone concentrations in
male dogs. On the other hand, Afeiche et al. (2014) cited
that consuming dark fish, white fish, or shellfish could
have a beneficial effect on sperm count and morphology,
particularly when consumed instead of processed red
meats in men. Yet, Persky et al. (2001) found that
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consumption of wild salty water fish (salmon, trout,
carp, and catfish) had no significant effects on testosterone, follicle-stimulating hormone (FSH), and luteinizing
hormone (LH) in men. Also, Yeste, Barrera, Coll, and
Bonet (2011) showed that dietary tuna oil had no effect
on sperm count, motility, and viability in boars when
compared with the control group.

Methods
Experimental animal design

Eighty male Wister albino rats, weighing between 130
and 150 g at the beginning of the experiment were used
in the current study. The animals were housed in the
vivarium of the animal house of the Faculty of Women,
Ain Shams University. They lived in an environmentally
controlled laboratory upon arrival and acclimatized for
1 week before the onset of the experiment; they were
kept in cages and provided with vegetables and purified
water ad libitum.
Following this week of adaptation, rats were divided
into control group and seven treated groups which received the following doses that increased monthly according to the increase in rat b.w.:- first month: rats
with an average b.w. 140 g received 0.4 g grilled fish diet;
second month: rats with an average b.w. 220 g received
0.63 g grilled fish diet; and third month: rats with an
average b.w. 291 g received 0.83 g grilled fish diet. These
doses correspond to 200 g/70 kg human b.w.
The groups were organized as follows:
a) Control group (n = 10): rats were fed with basal diet
(AIN-93M) and purified water ad libitum for
3 months.
b) First treated group (n = 10): each rat was fed
individually daily for 3 months with grilled wild
fresh water tilapia fish obtained from the Moyes
Sea, El-Sharqia governorate, which is polluted by industrial and agricultural drainage water and sewage
water.
c) Second treated group (n = 10): each rat was fed
individually daily for 3 months with grilled farmed
freshwater tilapia fish obtained from a farm in Kafr
El-Sheikh governorate which is polluted by agricultural drainage water (Authman, 2008).
d) Third treated group (n = 10): each rat was fed
individually daily for 3 months with grilled wild
brackish water tilapia fish obtained from Lake ElManzalah, Damietta governorate, which is polluted
by industrial, domestic, and agricultural drainage
water (Ali, 2008).
e) Fourth treated group (n = 10): each rat was fed
individually daily for 3 months with grilled farmed
brackish water tilapia fish obtained from a farm in
Damietta depending on Lake El-Manzalah which is
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polluted by industrial, domestic, and agricultural
drainage water (Ali, 2008).
f ) Fifth treated group (n = 10): each rat was fed
individually daily for 3 months with grilled farmed
fresh water Mugil cephalus fish obtained from a farm
in Kafr El-Sheikh governorate which is polluted by
agricultural drainage water (Authman, 2008).
g) Sixth treated group (n = 10): each rat was fed
individually daily for 3 months with grilled wild
marine water Mugil cephalus fish obtained from the
Suez Canal which is polluted by oil pollution and
heavy metals (Kelly et al., 2008).
h) Seventh treated group (n = 10): each rat was fed
individually daily for 3 months with grilled farmed
brackish water Mugil cephalus fish obtained from a
farm in Damietta depending on Lake El-Manzalah
which is polluted by industrial, domestic, and agricultural drainage water (Ali, 2008).
All seven treated groups after eating the fish diet were
then given basal diet (AIN-93M) (according to Reeves,
Nielson, & Fahey, 1993) and purified water ad libitum.
Fish diets

Fish farming in Egypt is mainly based on the production
of tilapia (75.54%) with Mugil cephalus (12.74%), the most
important species on private fish farms (Macfadyen et al.,
2011). Tilapia and Mugil cephalus fish mainly inhabit rivers and marines and are less commonly found living in
brackish water such as lakes. Sample preparation and
cooking were done according to Lorenzini et al. (2012).
Serum sample collection

At the end of each experiment, blood was withdrawn
from the orbital plexus or cardiac puncture, and serum
was separated to be used for the determination of the
following parameters:
1. Determination of total testosterone by enzymelinked immunosorbent assay (ELISA) kits according
to Turkes et al. (1979).
2. Determination of 17β-estradiol (E2) by ELISA kits
according to Sadem, Sela, and Hexter (1979).
3. Determination of FSH by ELISA kits according to
Rose (1998).
4. Determination of LH by ELISA kits according to
Rebar, Erickson, and Yen (1982).
5. Determination of prolactin by ELISA kits according
to Goffin, Binart, Touraine, and Kelly (2002).
Semen analysis
Sperm count assay

The sperms were counted using a hemocytometer following the methodology of Pant and Srivastava (2003).
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Sperm abnormalities

Sperm abnormalities were evaluated using an eosin and
nigrosin stain according to the method of Bjorndahi,
Söderluund, and Kvist (2003).
Histopathological studies

The testis and epididymis were obtained and cleaned
from adhering tissues then fixed in 10% formal saline for
24 h and staining with hematoxylin and eosin (H& E)
according to Banchroft, Stevens, and Turner (1996).
Statistical analysis

All data were analyzed using the Statistical Processor
System Support (SPSS) for windows software, version
16.0. Analysis of variance (one-way ANOVA) was performed to test for any significant differences among
groups, and independent sample T test was used to calculate statistical significance between groups. The level
of significance was set as P < 0.05 for all statistical tests.

Results
The data present in Table 1 show the effect of grilled tilapia fish diets fed for 3 months on serum reproductive
hormones, prolactin, sperm count, and sperm abnormalities of male albino rats.
The present study showed significant reduction in
serum levels of total testosterone, FSH, and sperm count
in male rats fed with wild and farmed freshwater and
brackish water tilapia fish with − 36.18%, − 42.32%, −
37.20%, and − 47.78% for total testosterone; − 47.92%, −
42.71%, − 71.88%, and − 53.13% for FSH; and − 23.18%,
− 40.35%, − 22.71, and − 31.29% for sperm count respectively. Serum level of LH in male rats fed with wild
and farmed brackish water tilapia fish significantly decreased with − 61.64% and − 61.64% respectively.
Whereas, significant elevation of serum prolactin was
observed in male rats fed with grilled wild and farmed
freshwater and farmed brackish water tilapia fish with
23.73%, 35.59%, and 55.93%, respectively, while male rats
fed only with wild brackish water tilapia fish showed significant decrease of serum prolactin with − 32.20%. Also,
sperm abnormalities significantly increased in rats fed
with wild and farmed fresh water and brackish water tilapia fish with 50.07%, 68.21%, 59.21%, and 86.49% respectively. However, tilapia fish diet had no effect on
serum17β-E2.
Comparing rats fed with wild with farmed fresh water
tilapia fish, no significant changes were recorded in these
parameters.
Comparing rats fed with wild with farmed brackish
water tilapia fish and male rats fed with farmed brackish
water tilapia fish showed significant increase of serum
FSH and prolactin with 66.67% and 130% respectively.

(c)

(b)

Compared with the normal control group
Compared with wild fresh water
Compared with wild brackish water
N.S nonsignificant

(a)

ANOVA

1.69 ± 0.08

Mean ± S.E.

P value

P value
F = 8.63
P < 0.001

P < 0.01(a) N.S(c)

% of change − 47.78(a)–16.85(c)

1.53 ± 0.1

1.29–1.76

P < 0.01

(a)

1.84 ± 0.10

Mean ± S.E.

% of change − 37.20

1.50–2.26

P < 0.01(a) N.S(b)

Range

P value

% of change − 42.32(a)–9.63(b)

1.42–2.08

P < 0.05

Range

P value

(a)

1.87 ± 0.24

% of change − 36.18

Mean ± S.E.

2.93 ± 0.30
1.22–2.83

Mean ± S.E.

Range

2.12–3.83

Range

Farmed brackish Range
water tilapia fish
Mean ± S.E.

Wild brackish
water tilapia
fish

Farmed fresh
water tilapia
fish

Rats fed with grilled Wild fresh
tilapia fish groups
water tilapia
fish

Normal control group

Groups

(a)

(a)

0.45 ± 0.03

0.45 ± 0.01

F = 0.47
N.S

N.S(a), (c)

F = 17.10
P < 0.001

P < 0.01(a), (c)

(a)

0.80 ± 0.04

0.70–0.90

P < 0.05

23.73

0.73 ± 0.03

0.68–0.81

0.59 ± 0.04

0.50–0.67

Prolactin (ng/ml)

(a)

1.40 ± 0.24

1.00–2.00

P < 0.001

− 61.64

1.40 ± 0.24

1.00–2.00

N.S(a), (b)

(a)

- -31.29(a)–11.11(c)

5.84 ± 0.51

5.00–7.75

N.S

(a)

− 22.71

6.57 ± 1.02

4.55–7.80

P < 0.01(a) N.S(b)

− 40.35(a)–22.36(b)

5.07 ± 0.3

4.65–5.65

N.S

(a)

− 23.18

6.53 ± 1.18

5.35–7.70

8.50 ± 0.35

8.05–9.20

F = 18.42
P < 0.001

F = 30.64
P < 0.001

F = 3.62
P < 0.05

F = 4.39
P < 0.05

P < 0.05(a) N.S

(c)

86.49(a) 17.14(c)

13.67 ± 1.45

11.00–16.00

P < 0.05(a)

59.21

11.67 ± 1.20

10.00–14.00

P < 0.05(a) N.S(b)

68.21(a) 12.09(b)

12.33 ± 1.20

10.00–14.00

P < 0.05(a)

50.07

11 ± 1

10.00–12.00

7.33 ± 0.67

6.00–8.00

Sperm count (× 106) Sperm abnormalities (%)

P < 0.001(a) N.S(c) P < 0.01(a) P < 0.001(c) P < 0.05(a) N.S(c)

55.93(a) 130(c)

0.92 ± 0.03

0.86–0.99

P < 0.05

− 32.20

0.40 ± 0.01

0.39–0.41

P < 0.05(a) N.S(b)

− 4.11(a)–19.17(b) 35.59(a) 9.59(b)

3.50 ± 0.29

3.00–4.10

N.S

(a)

18.63

4.33 ± 0.67

3.00–5.00

3.65 ± 0.23

3.20–4.10

LH (IU/ml)

− 4.26(a)–2.17(c) − 53.13(a) 66.67(c) − 61.64(a) 0(c)

0.39–0.53

P < 0.01

− 71.88

0.27 ± 0.03

0.21–0.31

P < 0.05(a) N.S(b)

− 42.71(a) 10(b)

0.55 ± 0.08

0.39–0.65

P < 0.01

− 47.92

0.50 ± 0.05

0.41–0.65

0.96 ± 0.09

0.78–1.20

FSH (nIU/ml)

0.42–0.50

N.S

(a)

− 2.13

0.46 ± 0.01

0.42–0.51

N.S(a), (b)

2.13(a) 0(b)

0.48 ± 0.01

0.43–0.53

N.S

(a)

2.13

0.48 ± 0.03

0.41–0.61

0.47 ± 0.02

0.42–0.56

Total testosterone 17β-Estradiol
(ng/ml)
(pg/ml)

Parameters

Table 1 Effect of grilled tilapia fish diets fed for 3 months on serum reproductive hormones, prolactin, sperm count, and sperm abnormalities of male albino rats
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(A)

(B)

(C)

(D)

(E)

(F)

(G)

(H)

Fig. 1 a Photomicrograph of control testis showing normal histological structure of the seminiferous tubules with complete spermatogenic series
(S) and small lumen (L) densely filled up with sperms (H&E × 200). b Photomicrograph of testis of the first treated group showing less dense
packing of spermatogenic cell (SC) (H&E × 200). c, d Photomicrographs of testis of the second and third treated groups showing splitting of
basement membrane (arrow) and less dense packing of spermatogenic cell (SC) in some seminiferous tubules (H&E × 200). e Photomicrograph of
testis of the fourth treated group showing splitting of basement membrane (arrow) and less dense packing of spermatogenic cell (SC) with wide
emptied lumen (L) (H&E × 200). f Photomicrograph of testis of the fifth treated group showing splitting of basement membrane of seminiferous
tubules (arrow) (H&E × 200). g, h Photomicrographs of testis of the sixth and seventh treated groups showing splitting of basement membrane
(arrow) and less dense packing of spermatogenic cell (SC) in some seminiferous tubules (H&E × 200)

Histopathological studies showed that grilled tilapia
fish diets induced splitting of basement membrane of
seminiferous tubules and less dense packing of spermatogenic cell with wide emptied lumen as seen in
Fig. 1b–e. As for the effect of grilled tilapia fish diets on
the histology of epididymis, the present study showed
columnar lining epithelium of the epididymal tubules

with reduction in the number of sperms as seen in
Fig. 2b–e. Also, grilled tilapia fish diets showed elevation
in sperm abnormalities as increased number of
quasi-normal head, big head, big head with coiled tail,
amorphous head, banana-shaped head, hookless head,
vacuolated head, detached head, and bent with projection
filament and neck sperms as seen in Fig. 3b–h.
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(A)

(B)

(C)

(D)

(E)

(F)

(G)

(H)

Fig. 2 a Photomicrograph of control epididymis showing normal histological structure of the epididymal tubules (PT) with lining columnar
epithelium (arrow) and lumen impacted by sperms (L) (H&E × 200). b–e Photomicrographs of epididymis of the first, second, third, and fourth
treated groups showing columnar lining epithelium of the epididymal tubules (PT) with reduction in the number of sperms in lumen (L) (H&E ×
200). f–h Photomicrographs of epididymis of the fifth, sixth, and seventh treated groups showing columnar lining epithelium of the epididymal
tubules (PT) with large reduction in the number of sperms in lumen (L) (H&E × 200)

Data present in Table 2 show the effect of grilled
Mugil cephalus fish diets fed for three months on serum
reproductive hormones, prolactin, sperm count, and
sperm abnormalities of male albino rats.
Male rats fed with farmed freshwater Mugil cephalus
fish showed significant decrease of serum total testosterone and prolactin with − 32.76% and − 49.15% respectively compared with the control group. Serum level of

FSH and sperm count in male rats fed with farmed
freshwater and brackish water and wild marine water
Mugil cephalus fish significantly decreased with −
56.25%, − 73.96%, and − 68.75% for FSH and − 25.88%,
− 41.06%, and − 31.76% for sperm count respectively.
Serum level of LH in male rats fed with farmed fresh
water and wild marine water Mugil cephalus fish slightly
decreased with − 4.11% and − 1.37% respectively, while
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Fig. 3 Photomicrograph of different sperm abnormalities of rats fed with grilled tilapia fish showing a normal sperm, b quasi-normal head, c
amorphous head, d vacuolated head, e detached head, f hookless head, g bent with projection filament and tail, and h big head with coiled tail
(E&N × 400)

male rats fed only with farmed brackish water Mugil
cephalus fish showed non-significant increase of serum
LH with 27.95%, whereas sperm abnormalities significantly increased in rats fed with the same groups with
97.82%, 113.78%, and 111.46% respectively. However,
Mugil cephalus fish diet had no effect on serum17β-E2.
Comparing rats fed with wild marine water with
farmed brackish water Mugil cephalus fish, male rats fed
with farmed brackish water Mugil cephalus fish showed
significant reduction of serum prolactin with − 31.88%.
Histopathological studies showed that grilled Mugil
cephalus fish diets induced splitting of basement

membrane of seminiferous tubules with less dense packing of spermatogenic cell as seen in Fig. 1f–h. As for the
effect of grilled Mugil cephalus fish diets on the histology of epididymis, the present study showed columnar
lining epithelium of the epididymal tubules with large
reduction in the number of sperms as seen in Fig. 2f–h.
Also, grilled Mugil cephalus fish diets showed elevation in
sperm abnormalities as increased number of quasi-normal
head with coiled tail, banana-shaped head with coiled tail,
hookless head, vacuolated head, deformed orientation head,
acute curvature head, triangular head with coiled tail, and
detached head sperms as seen in Fig. 4.

Farmed brackish
water Mugil cephalus
fish

Wild marine water
Mugil cephalus fish

Farmed fresh water
Mugil cephalus fish

(d)

Compared with the normal control group
Compared with wild marine water
N.S nonsignificant

(a)

ANOVA

Rats fed on grilled
Mugil cephalus fish
groups

Normal control group

Groups

F = 3.92
P < 0.05

N.S(a),

N.S(a), (d)

P value
F = 0.38
N.S

(d)

0.46 ± 0.02
- -2.13(a)–4.17(d)

2.68 ± 0.28
− 8.53(a) 20.18(d)

% of change

0.41–0.60

N.S

Mean ± S.E.

1.94–3.18

N.S

Range

P value

(a)

2.13

% of change
(a)

0.48 ± 0.01

2.23 ± 0.19
− 23.89

Mean ± S.E.

0.42–0.55

1.75–2.79

Range

N.S

P < 0.05

P value

(a)

− 4.26

− 32.76
(a)

0.45 ± 0.01

1.97 ± 0.16

% of change

0.47 ± 0.02
0.41–0.49

Mean ± S.E.

2.93 ± 0.30
1.34–2.63

Mean ± S.E.

0.42–0.56

17β-Estradiol
(pg/ml)

Range

2.12–3.83

Range

Total testosterone
(ng/ml)

Parameters

(a)

(a)

F = 45.60
P < 0.001

P < 0.01(a) N.S(d)

− 73.96(a)–16.67(d)

0.25 ± 0.02

0.22–0.29

P < 0.001

− 68.75

0.30 ± 0.02

0.25–0.35

P < 0.01

− 56.25

0.42 ± 0.03

0.38–0.51

0.96 ± 0.09

0.78–1.20

FSH (nIU/ml)

F = 1.22
N.S

N.S(a), (d)

27.95(a) 29.72(d)

4.67 ± 0.88

3.00–6.00

N.S

(a)

− 1.37

3.60 ± 0.40

3.00–5.00

N.S

(a)

− 4.11

3.50 ± 0.29

3.00–4.00

3.65 ± 0.23

3.20–4.10

LH (IU/ml)

(a)

F = 12.45
P < 0.01

N.S(a) P < 0.05(d)

− 20.34(a)–31.88(d)

0.47 ± 0.06

0.40–0.58

N.S

(a)

16.95

0.69 ± 0.05

0.60–0.79

P < 0.01

− 49.15

0.30 ± 0.01

0.29–0.31

0.59 ± 0.04

0.50–0.67

Prolactin (ng/ml)

(a)

(a)

F=7
P < 0.05

P < 0.01(a) N.S(d)

− 41.06(a)–13.62(d)

5.01 ± 0.45

4.30–5.85

P < 0.05

− 31.76

5.80 ± 0.88

4.85–7.55

P < 0.05

− 25.88

6.30 ± 0.25

6.05–6.55

8.50 ± 0.35

8.05–9.20

Sperm count
(× 106)

F = 6.67
P < 0.05

P < 0.01(a) N.S

113.78(a) 1.1(d)

15.67 ± 1.45

13.00–18.00

P < 0.05(a)

111.46

15.50 ± 2.50

13.00–18.00

P < 0.05(a)

97.82

14.50 ± 2.50

12.00–17.00

7.33 ± 0.67

6.00–8.00

(d)

Sperm abnormalities (%)

Table 2 Effect of grilled Mugil cephalus fish diets fed for 3 months on serum reproductive hormones, prolactin, sperm count, and sperm abnormalities of male albino rats
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Fig. 4 Photomicrograph of different sperm abnormalities of rats fed with grilled Mugil cephalus fish showing a vacuolated head, b hookless head, c
acute curvature head, d deformed orientation head, e triangular head with coiled tail, f quasi-normal head with coiled tail, and g banana-shaped head
with coiled tail (E&N × 400)

Discussion
The present results demonstrated that male rats fed with
grilled tilapia and Mugil cephalus fish diets showed decrease of serum total testosterone and FSH as well as a
decrease in serum LH in male rats fed with the same diets except grilled wild freshwater tilapia fish and farmed
brackish water Mugil cephalus fish diets which showed a
non-significant increase.
These results agree with the study which found significant decrease in serum level of testosterone after consumption of wild tuna muscle from the Gulf of Gabes in
the Tunisian coast which is known to be polluted by

industrial wastes daily for 60 days in male rats (Gdoura et
al., 2011). Also, Bolawa, Gbenle, and Ebuehi (2014)
showed that ingestion of 100 g of tilapia fish from heavily
polluted river sites (Carter Bridge and Makoko Riverine)
for 3 months lowered FSH level while LH level increased
in rabbits.
A possible explanation for the lowering of serum total
testosterone may be due to the ability of heavy metals
especially arsenic (0.4 ppm/day) to decrease activity of
17β-hydroxysteroid dehydrogenase (17β-HSD), the enzyme involved in the conversion of androstenedione to
testosterone (Chattopadhyay, Ghosh, Chaki, Debnath, &
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Ghosh, 2000). Also, lead (Pb) inhibits steroid production
of both Sertoli and Leydig cells at every step of synthesis;
expression and/or activity of gonadotrophin receptors,
steroid acute regulator (StAR), p450 side chain cleavage,
3β HSD, and P450c17, the enzyme that converts progesterone into testosterone, is significant if not dramatically
suppressed by Pb in vivo, ex vivo, or in vitro (Liu, Leu,
Yang, & Huang, 2003).
Another interpretation may be due to the ability of
mercury (Hg) when given to rats for 90 days to suppress
testicular steroidogenesis at the 3β-HSD synthetic step
with a significant decrease in serum testosterone and LH
(Nagar & Bhattacharya, 2001; Ramalingam, Vimaladevi,
Rajeswary, & Suryavathi, 2003). In addition, oral exposure of rats to Hg (0.5 mg/kg b.w.) for 45 days resulted in
suppressed testosterone and increased testicular cholesterol (Rao & Sharma, 2001; Tong, Christenson, & Song,
2004). They also suggested that the increased testicular
cholesterol is due to the block of its biosynthetic conversion to sex steroid hormones such as testosterone.
Webb et al. (2006) found significant negative correlations between serum testosterone and Hg content. The
obtained results suggested the ability of Hg to disrupt
endogenous hormone levels. In addition, environment
pollutants in fish mimic sex hormones by binding to androgen receptors. Alternatively, they can block, prevent,
and alter androgen binding to AR (Hedayati, Zare, &
Abarghouei, 2012).
Another explanation for the reduction of male sex
hormone is the use of omega-6 (ω-6) which is present in
soy meal instead of fish meal in aquaculture; ω-6 decreases steroidogenesis through direct effects on StAR
and cytochrome P450, which play a critical role in regulating steroid synthesis (Stocco, Wang, Jo, & Manna,
2005; Wathes, Abayasekara, & Aitken, 2007).
Also, a possible explanation for the reduction of serum
FSH and LH may be due to the exposure to Pb which
suppressed FSH levels than the control group indicating
an effect of Pb at pituitary FSH level (Marie, Lars, &
Anital, 2001). Moderate exposure to Pb was associated
with minor changes in the male endocrine function particularly affecting the hypothalamic–pituitary axis
(Lafuente, Carrace, Romero, & Gano, 2005). In addition,
Bolawa et al. (2014) confirmed the fact that heavy metals
together with other environment pollutants (pesticides
and PCBs) are endocrine disruptors since they interfere
with the level of FSH. As the level of environment pollutant increases, the levels of FSH decrease greatly.
Shokr (2015) said that exposure to 2, 4, and 8 mg/l of
Pb levels for periods of 10 days, 20 days, and 30 days decreased serum testosterone, FSH, and LH levels by increasing the time exposure than the control group. So,
heavy metal exposure can effectively decrease androgenic secretion. These results show a direct effect of
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metal contamination on steroidogenesis, which could be
due to the harmful effects of metals on the hypothalamic–pituitary axis.
A possible explanation for the non-significant increase
of LH in grilled wild freshwater tilapia fish and farmed
brackish water Mugil cephalus fish may be due to the
stronger effect of fish oil ω-3 as inducer of the hypothalamic–pituitary axis to increase LH levels through the inhibition of hypothalamus neuropeptide Y production
(Encinias, Pateel, & Poland, 2007).
The current study showed elevation in serum prolactin
hormone in male rats fed with grilled tilapia and Mugil
cephalus fish diets except grilled wild brackish water tilapia fish and farmed freshwater and brackish water
Mugil cephalus fish diets which showed decrease. These
results agree with Lafuente, Cano, and Esquifino (2003)
who found that oral exposure to higher dose of cadmium (Cd) for 1 month decreased plasma prolactin hormone levels whereas increased plasma level of prolactin
hormone was found with the lower dose of Cd in adult
male rats. They added that a higher dose of Cd may act
directly on the lactotrophs, through an interaction with
the prolactin molecule that is sensitive to divalent
metals, thus inhibiting its secretion. But the increase of
prolactin in serum may be related to the inhibition of
the immune response described after low doses of the
metal, as subchronic elevation of prolactin may inhibit
this system. So, the effect of Cd on prolactin seemed to
be dose dependent.
Also, Lafuente et al. (2005) studied the effect of Cd on
prolactin secretion in rats and observed that the
Cd-exposed animals exhibited variations in plasma prolactin levels. In addition, Bolawa et al. (2014) found that
Cd is associated with deleterious effect on the gonadal
function and with changes in the secretory pattern of
other pituitary hormones like prolactin and TSH.
Grilled tilapia and Mugil cephalus fish diets had no
effect on serum 17β-E2. These results agree with
Serag El Din, Abd-El Azim, and Abd-El Fattah (2017)
who found that consumption of salmon diet for
3 months had no effect on E2 levels in adult male
rats. A possible explanation may be due to that testosterone is the most abundant male sex hormone,
while 17β-E2 is low in males.
Also, this study showed decrease in sperm count in
male rats fed with grilled tilapia and Mugil cephalus fish
diets for 3 months compared with the control group,
while sperm abnormalities significantly increased in
male rats fed with the same diets.
These results are in harmony with those obtained by
Gdoura et al. (2011) who found a significant fall in both
number and motility of spermatozoa present in the cauda
epididymis of male rats consuming 100 g wild tuna fish
for 60 days.
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It is well established that the development of germ
cells is dependent on testosterone and FSH. The decrease of both hormones increases germ cell apoptosis
and decreases sperm count (McLachlan et al., 2002).
FSH is necessary for initiation of spermatogenesis and
maturation of spermatozoa, and testosterone acts on the
Sertoli and peritubular cells of the seminiferous tubules
and stimulates spermatogenesis (Calder, 2012). This is
installed in our study which showed decrease in serum
testosterone and FSH.
Another interpretation of decreased sperm count may
be due to ω-6 which affects spermatogenesis, by the incorporation into spermatozoa cell membrane so that the
disruption of spermatogenesis at any stage of cell differentiation can decrease the total sperm count, increase
the abnormal sperm count, and impair the stability of
sperm chromatin or damage sperm deoxyribonucleic
acid (DNA) (Mangelsdorf, Buschmann, & Orthen, 2003).
Moreover, the ability of heavy metals to damage the
neurons of the hypothalamus which is responsible for
gonadotropin-releasing hormone (GnRH) release, leading to disruption of androgen secretion from Leydig cells
or inhibin B secretion (a potential marker for spermatogenesis and testicular function) from Sertoli cells (Jensen, Bonde, & Joffe, 2006).
Histopathological studies showed that grilled tilapia
and Mugil cephalus fish diets induced splitting of basement membrane of seminiferous tubules and less dense
packing of spermatogenic cell with wide emptied lumen
as seen in Fig. 1b–h. These results agree with Gdoura et
al. (2011) who said that feeding rats with wild tuna
muscle from the Gulf of Gabes in the Tunisian coast
which is known to be polluted by industrial wastes resulted in (1) the lumen of the seminiferous tubules being
more enlarged, (2) disintegration of the germinal epithelium, (3) detachment and degenerative changes of lining
cells, (4) reduction in the number of round spermatids,
and (5) significant failure of spermatid maturation and
almost absence of mature spermatozoa.
As for the effect of grilled tilapia and Mugil cephalus fish diets on the histology of epididymis, the
present study showed columnar lining epithelium of
the epididymal tubules with reduction in the number
of sperms in the lumen as seen in Fig. 2b–h. Also,
grilled tilapia and Mugil cephalus fish diets showed
elevation in sperm abnormalities as increased number
of quasi-normal head, big head, amorphous head,
banana-shaped head, hookless head, vacuolated head,
deformed orientation head, acute curvature head, triangular head, detached head, bent with projection
filament and neck, and coiled tail sperms as seen in
Figs. 3b–h and 4. These results may be due to the
lowering of testosterone and FSH and defect in
spermatogenesis (Gdoura et al., 2011).
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Conclusions
These results may indicate that consumption of tilapia
and Mugil cephalus fish diets from Moyes Sea, Lake
El-Manzalah, Suez Canal, Damietta, and Kafr El-Sheikh
governorate has adverse effects on male reproductive
hormones and prolactin in male albino rats. Finally, we
recommend that it is not safe to eat wild fish obtained
from Moyes Sea, Lake El-Manzalah, and Suez Canal or
farmed fish obtained from Damietta governorate and
Kafr El-Sheikh which is believed to have the best aquacultures. We advise not to eat tilapia or Mugil cephalus
fish diets from these areas.
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