-
Egyptian Journal of Aquatic Biology & Fisheries :
Zoology Department, Faculty of Science, \ =
Ain Shams University, Cairo, Egypt.
ISSN 1110 - 6131

Vol. 22(5): 563 — 572 (2018)
www.ejabf.journals.ekb.eg

Egyptian Journal
of
Aquatic Biology
And
Fisheries

( *7_3, (:M:‘/

Effect of Environmental Pollution on Gonads Histology of the Nile Tilapia,
Oreochromis niloticus from Lake Manzala, Egypt

Hala A. A. Mansour’; Mohamed A. H. El-kady?; *Ali H. Abu Almaaty® and
Amal M. Ramadan*
1,2- Laboratory of Genetics, Aquaculture Division, National Institute of Oceanography and
Fisheries, Egypt.
3- Zoology Department, Faculty of Science, Port Said University, Port Said, Egypt.
4- Laboratory of Fish Reproduction and Spawning, Aquaculture Division, National
Institute of Oceanography and Fisheries, Egypt.
E-mail: ali_zoology 2010@yahoo.com

ARTICLE INFO ABSTRACT

Article History: Lake Manzala suffers from severe pollution of complex composition
Received: 1 Nov., 2018  from different sources of industrial, agricultural and sewage facilities from
Accepted: 5 Dec. 2018 the surrounded governorates. The objective of this research was aiming to
Online: Dec. 2018 study the effects of some environmental polluted effluents at five locations of
Lake Manzala on the gonads of Oreochromis niloticus. The histological
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study of testes of O. niloticus showed decreased number of seminiferous
tubules with some degenerative changes. They appeared empty from
different spermatogenic cells (primary and secondary spermatocytes).
Moreover the interstitial cells were collapsed and appeared in all
seminiferous tubules. The ovaries presents a deformation from their ideal
shapes, thickening and detaching of the membrane of all stages of oocytes
and two types of non-bursting atresia in oocytes were markedly appeared.
We recommended improving water quality control and the environmental
monitoring is essential at Lake Manzala.
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INTRODUCTION

Fish are considered as bioindicator and play an important role in assessing
potential risks related to pollution (Lakra and Nagpure, 2009; Magar and Bias, 2013).
Exposure of fish organs to pollutants can lead to acute or chronic toxicity, in
particular, the reproductive organs which then cause reproductive failure. The health
of the organism’s reproductive process is an important indicator of the organism to
be able to sustain itself (Zulfahmi et al., 2018).

Nile tilapia, Oreochromis niloticus is a fish of economic importance in tropical
and subtropical countries and it highly consumed by a large sector of Egyptians. This
fish is more abundant throughout the year than much other Egyptian fish. It is an
important and cheap source of the animal protein (Kime et al., 1996; El-Badry,
2010).

Lake Manzala, is the largest Lake of the northern delta wetlands of Egypt.
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Industrial effects have modified it to turn into one of the most polluted Lakes in
this country. It is considering highly fish production that monopolized about half of
the production of northern Lakes in Egypt (GAFRD, 2012).

Histopathological biomarkers or cellular changes in tissues such as gill, liver,
kidney, and spleen have received much attention in assessing the effects of
environmental stress (Spies et al., 1996; Teh et al., 1997; Blazer, 2002). Historically,
much less attention has been focused on endocrine, neural and gonadal histology; all
systems that influence reproduction. The recognition that many environmental
chemicals may act as endocrine disruptors and hence influence reproduction has led
to the interest in assessing reproductive health of wild aquatic animals (Goodbred et
al., 1997; Rolland et al., 1997; Jobling et al., 1998; Kendall et al., 1998).

Water pollution occurs when pollutants are directly or indirectly discharged
into water bodies (e.g. lakes, rivers, oceans, aquifers, and groundwater) without
adequate treatment to remove harmful compounds. Water pollution affects plants and
organisms living in these bodies of water (Authman, 2008).

It is possible that environmental toxicants may increase the susceptibility of
aquatic animals to various diseases by interfering with the normal functioning of their
immune, reproductive and developmental processes (Couch and John, 1978; Kaoud
and El-Dahshan, 2010).

The present work aimed to study the effects of different discharges of pollution
at five locations of Lake Manzala on the gonads of Nile tilapia, O. niloticus.

MATERIALS AND METHODS

Study area

The sampling sites of Lake Manzala are demonstrated in Fig. (1). The sites are
as follow: 1: El-Gamil (G), 2: El-Bashtir (B), 3: El-Serw (S), 4: El-Temsah (T). At
the same period of time, samples of studied fish with comparable both weight and
conditions were collected from the reference site (5) which is close to ElI-Matariya
Research Station for Aquatic Resources.
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Fig. 1: Map of Lake Manzala showing the sampling sites

Histological examination of gonads

To study the direct effects of the different discharges at Lake Manzala, adult
samples of Oreochromis niloticus were collected from the studied sites and brought
alive to the laboratory. After dissecting the fish, gonads (testes and ovaries) were
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immediately removed and fixed in Bouin's solution for 24 h. The tissues were
routinely dehydrated in an ascending series of alcohol, cleared in xylene and
embedded in paraffin wax. Sections of 5-6 pm thick were cut, processed and stained
with hematoxylin and eosin (H and E) and then, Canada balsam was poured and
covered with a cover glass. They were examined and photographed under light
microscope unit (Leica microscope). (Mohamed, 2009; Shobikhuliatul et al., 2013).

RESULTS

Gonads histology of O. niloticus at the reference site

The histological sections of testis and ovary of the reference site are shown in
Fig. (2). Firstly, the ideal general structure of testes having an elongated paired
organs attached to the dorsal body wall. Fig. (2a) is showing the ideal structure of the
testis as the following: spermatogonia; it is the first spermatogenic stage in the testis.
Spermatogonia were often noticed as nests. Primary spermatocytes are produced by
the mitotic division of spermatogonia. These cells are constructed by meiotic division
and distinguished by homogeneously stained nuclei into secondary spermatocytes.
The subsequent division of secondary spermatocytes produced spermatids.
Spermatids are slightly smaller in diameter than secondary spermat-ocytes.
Spermatids with certain metamorphosis form spermatozoa. Finally, the sperm is
acquired the energy to be mobile in the seminal fluid. This is the final product of the
process of spermatogenesis.

Secondly, the general structure of the ovary is a paired organ, consisting of two
ovarian lobes which are separated by a septum. Both lobes are joined near the
urogenital pore. Microscopically as shown in Fig. (2b), it has several components as
the following: oogonia; are small round cells with a comparatively clear zone of
cytoplasm.

Fig. 2: (A) T.S. of the testis of O. niloticus at the reference site showing ideal spermatogenesis
process; the seminiferous tubules contains many spermatogonia (sg), primary spermatocytes
(ps), secondary spermatocyte (sc), spermatids (sp) and spermatozoa (sz). (B) T.S. of the ovary
of O. niloticus at the reference site showing ovarian tissue with oogenesis process in it.
Oogonia (00) divided into prenucleus (pn) then into numerous primary follicles containing the
oocytes (po), then into secondary oocyte (s0).
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The prenucleus stage of the oocytes with the early and late stage are varying in
size and number of nuclei. On further maturation, the oocytes entering yolk vesicle
stage (vacuolization stage) in which deposition of yolk and fat globules starts which
increase the size of maturing egg. The cytoplasm loses its basophilic nature and
became fully occupied with yolk granules. At the yolky stage, the vacuoles become
connected to each other and nucleus began to liberate its content into the cytoplasm
and then starts to migrate to the animal pole. In the final stage the nucleus increased
in size with a numerous number of nucleoli to give primary then secondary oocyte
which is the mature stage of ova.

Effects of the different effluents of pollution on the gonads histology of O.
niloticus

The results of the studied sites showed that gonads were affected by the
different effluents of pollution, as the following:

As shown in Fig. (3a), the testis of Nile tilapia at EI-Temsah site has lost its
ideal shape of seminiferous tubule and has residuals of primary and secondary
spermatocytes. The remarkable feature of the ovary of Nile tilapia at the same site is
the thickening of the membrane of all stages of oocytes (Fig. 3b). In spite of the
lowest rates of pollution at this site, according to our study (data not shown), the
gonads of O. niloticus are clearly suffering from deformation from their ideal shapes.
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Fig. 3: (A) T.S. of the testis of O. niloticus from El-Temsah site showing that seminiferous lobules
lost its identity, have residual of primary and secondary spermatocytes. (B) T.S. of the ovary of
O. niloticus from El-Temsah site illustrating thickened membrane of oocyte and atretic oocytes
in the different stages.

The results illustrated in Fig. (4a) showing the irregular shape of seminiferous
tubules of the testis at EI-Gamil site, while the detaching the cell membrane from
oocyte body was obviously appeared in the ovary (Fig. 4b). As shown in Fig. (5a),
the testis of Nile tilapia at El-Bashtir site, showed also the irregular shape of
seminiferous tubules and the presence of residuals of spermatocytes have clearly
appeared. On the other hand, the ovary (Fig. 5b) has a thick cell membrane.
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Fig. 4: (A) T.S. of testis of O. niloticus at EI-Gamil site, illustrating more spermatocytes separated in
the testis and irregular shape of seminiferous tubules. (B) T.S. of the ovary of O. niloticus at
El-Gamil site, illustrating separated membrane from oocyte, atretic prenucleus cells and
condensing of oocytes contents.
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Fig. 5: (A) T.S. of the testis of Nile tilapia from El-Bashtir site, that showing no ideal shape of
seminferous lobule, residual of spermatocytes. (B) T.S. of the ovary of Nile tilapia from El-
Bashtir site, that showing thickened cell membrane, many vacuoles in oocytes are found.

Finally, results illustrated in Fig. (6a), showed the deformations of testis at El-
Serw site was represented with the empty lumen from spermatocytes and the
residuals of spermatozoa are found, while in the ovary, the two types of non-bursting
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atresia in the oocytes were clearly appeared and the thickening of cell membrane of
oocyte was detected (Fig. 6b).
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Fig. 6: (A) T.S. of the testis of O. niloticus at EI-Serw site, showing empty lobules from spermatozoa
and presence of residuals of spermatocytes in the seminiferous tubules. (B) T.S. of the ovary of

O. niloticus at EI-Serw site, showing thickened membrane of oocyte, atresia in some of cells
from different stages and phagocytes appeared on the membrane of oocyte.

DISCUSSION

The analysis of reproductive functions is a key factor in determining the
dynamics of fish populations (Mekkawy and Hassan, 2011; Ojaveer et al., 2015).
The presence of pollutants is one of many environmental factors that can result in a
dangerously compromised fish reproduction system. Several other studies have
proven that exposure to pollutants can lead to a decline in gonadosomatic index
(Gerbron et al., 2014), shrinking oocyte diameter (Alquezar et al., 2006),
dysfunctional hormone reproduction (Ebrahimi and Taherianfard, 2011), alteration
in reproductive behavior (Bertram et al., 2015) and increased abnormality of fish
larvae (Zhang et al., 2016).

In Egypt, the pollution of the aquatic habitats seems to be an inevitable
problem. In recent years, more toxic compounds are being increasingly detected in
the aquatic ecosystem (Khare and Singh, 2002). EI-Morshedi et al., (2014) reported
that the environmental impacts of Lake Manzala caused a pronounced decline in
gonad activity of the studied fish, where was reflected clearly by decreasing sperm in
ripe testes and ripe oocytes degeneration (atresia). Also, Luzio et al., (2016) reported
the disruption of the sexual development; inducing masculinization and causing
severe pathological alterations in testis, such as the enlargement of sperm ducts,
interstitial changes, asynchronous development and detachment of basal membrane,
while in ovaries, there were atretic oocytes.

According to Roberts, (2012) indicated that water pollution has a serious
inhibitory effect in fish reproduction. The different pollutants such as industrial and
agricultural wastes, pesticides and also different types of bacteria have
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histopathological effects on the reproductive tissues of fish gonads (Jhonson et al.,
1991; Lye et al., 1998).

Although El-Temsah site that far from any kind of discharges of pollution of
the Lake, but the deformation of gonads of O. niloticus from their ideal shapes was
found to indicate the effect of the pollution on the different regions of Lake Manzala.
The deformations of ovary and testis at the other locations were sharply noticed. This
IS may be attributed to the presence of petroleum companies close to EI-Gamil site,
or the presence of multiple kinds of pollutants (industrial, sewage, and agricultural) at
El-Bashtir site which is close to Bahr El-Baquar drain, while the deformation of
gonads at EI-Serw site may be as a result of great amount of agricultural pollution of
pesticides which is close to EI-Serw drain.

In the present research, the results of histological examination of gonads
obviously proved that the pollution had their great effect on the gonads of O.
niloticus. Its effect appeared as a disruption in gonadal development. It comes in
agreement with a study for fish inhabiting polluted water by Al-Halani, (2018).

The different pollutants such as industrial and agricultural wastes, pesticides
and heavy metals have histopathological effects on the reproductive tissues of fish
gonads (Pedlar et al., 2002; Hanna et al., 2005). These effects may disturb the
development of germ cells and may reduce the ability of the fish to reproduce
(Mehanna, 2005; Khillare et al., 2017). Also, the testes of the fish collected from the
polluted water revealed an impairment of spermatogenesis and lobular structures and
the suppressing sperm production was observed by previous studies (Jaensson et al.,
2007; Shobikhuliatul et al., 2013).

The effects of pollutants on fish reproduction have been investigated by
numerous researchers who confirmed adverse impacts on fish organs and especially
their reproductive capacities. For instance, follicular atresia, which is caused by
exposure to pollutants, was reported by Molina et al., (2013). A similar study
conducted by Senarat et al., (2017) further confirmed the relationship between
pollutants and the rise of follicular atresia, which was caused by a reduction of
activities of hormone gonadotropin (GTH) and other estrogen hormones. According
to Sridevi et al., (2015), the disorders that occurred in the reproductive hormone led
to reduction (degeneration) of yolk size. Patifio and Sullivan, (2002) stated that
oocytes contain various regulatory compounds such as various lipophilic hormones
and steroids, antibodies, vitellogenin receptors, enzymes, and various other active
compounds. Exposure to pollutants results in dysfunction of the reproductive
hormone which then affects the vitellogenin receptors, i.e. disruption in the oocytes
(Kime, 1999).

CONCLUSION

The results of histological examination of gonads obviously showed that the
stresses had their great effects on the gonads of O. niloticus. Also, the present study
documented that improvement of water quality control and periodically environmental
monitoring are necessary for Lake Manzala water. In Egypt, although there are a
marked reduction in pollution contents in Lake Manzala when compared to the past
few years, more governmental efforts still needed to control environmental pollution
and improve its water quality.
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