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Abstract. This study was carried out to examine the potential of using either gonadotropin-releasing
hormone analog (GnRHa) or mixture of follicle-stimulating hormone (FSH) and luteinizing hormone (LH)
(Epigonal) to induce ovulation of white sea bream Diplodus sargus during the pre-spawning season. In
addition, the effects of different hormonal injections on egg quality by using scanning and transmission
microscopy were described. It investigates the differences in the oocyte size and ultrastructural changes
of the oocytes surface and zona radiata (ZR) thickness between the two different hormonal therapies.
Captured mature females with oocytes diameters > 680 µm were injected twice with two different
hormonal protocols. The first group of females was injected intramuscularly with two doses of GnRHa
(0.05 µg kg ) at 24 hrs interval; the second group were injected intramuscularly with two doses of
Epigonal (75 IU) at 24 hrs interval. The results revealed that better induction of the egg ovulation with a
significant positive correlation between zona radiata (ZR) thickness and oocyte diameters after 12 hrs
from the first injection of Epigonal. On the other hand, after the same time of the first injection of
GnRHa, the females possessed over-ripening eggs and a gradual onset of residual yolky oocytes.
Interestingly, after the second injection of both protocols the oocytes deteriorated, lost their viability and
were characterized by stretched egg surfaces with significant differences (p < 0.05) between pore
diameters and distance between pores. ZR thickness and oocyte diameter showed a reciprocal
relationship. This study concluded that the first injection of Epigonal is more effective to induce ovulation
of D. sargus than GnRHa injection. It is essential to determine the stage of oocyte development, type
and doses of hormone injection, the onset of ovulation and the best time for manual stripping to prevent
over-ripening eggs in the ovarian cavity that affects egg quality.
Key Words: Diplodus sargus, induced ovulation, ultrastructure, over-ripening egg, zona radiata.
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Introduction. White sea bream Diplodus sargus is one species of highly valued family
(Sparidae) in the aquaculture industry of the world. This family is one of the most
economically important marine fish families that inhabit the Egyptian coast; it is well
represented by a diversity of species and as well both in total landings and high
commercial value. Due to the economic importance of this species, it was made the
subject of various scientists in different countries (Gonçalves & Erzini 2000; Vigliola &
Harmelin 2001; Morato et al 2003; Pajuelo & Lorenzo 2004; Mahmoud et al 2010).
Hormonal manipulation is an important key factor for the sustainability of
commercial aquaculture production of wild captive fish. Many different hormonal
induction protocols are used efficiently to induce ovulation during artificial propagation of
farmed fish species. Hormonal artificial manipulation of the endocrine system acts at
different levels in the hypothalamic–pituitary–gonadal axis (Zohar & Mylonas 2001).
Gonadotropins secretions have been controlled by gonadotropin-releasing hormone
(GnRH) secreted from hypothalamic neurons and is responsible directly of synthesis and
release of luteinizing hormone (LH) and follicle-stimulating hormone (FSH) from the
pituitary (Gore 2002) and consequently a gonadal secretion of the sex steroids
(Poortenaar & Pankhurst 2000). Gonadotropin-releasing hormone analog (GnRHa)
injection is used for artificial induced ovulation to mimic the natural secretion of GnRH
from the hypothalamus to release LH hormone from the pituitary gland (Pagelson &
Zohar 1992). Levavi-Sivan et al (2004) reported that GnRHa injections used to induce
ovulation of multiple-batch group-synchronous ovarian development. Hormonal induction
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may change the circulating levels of gonadal steroids hormones (Nagahama & Yamashita
2008). They reported the importance of the LH level on the major four sex hormones that
regulate the oocyte maturation and egg ovulation in fish. The effective dose of GnRHa
was varied between species, and the degree of maturity stages and GnRHa protocol
administration (injection, pellet matrix) are important for successful ovulation (Tamaru et
al 1988; Park et al 2007; Lim 2016).
Understanding the ova morphology and ultrastructure through scanning and
transmission electron microscopy is a potential tool to evaluate the efficacy of hormonal
therapy during artificial induction of D. sargus. Over-ripening is the process of aging of
the oocytes retained in the coelomic cavity (Bromage et al 1994) and it is always the
main factor of decreased egg viability (Lahnsteiner 2000). Overripening is characterized
by a gradual deterioration of the egg resulting in a semi-transparent yolk in the same
ovary. This process of the ovulated eggs in teleost fishes was an important diagnostic key
for reduced egg quality (Bromage et al 1992). The accurate time for egg ovulation
predicts the best result to obtain the highest eggs quality (Schreck & Moyle 1990). The
natural post-ovulation period retained inside the body without over-ripening varies for
different fish; over-ripening may occur due to unfavorable environmental conditions
(Samarina et al 2015).
The eggs in post-ovulation period were viable, and the duration before overripening may extend from hours to days, 10 hrs in Scophthalmus maximus (McEvoy
1984) to 9-30 days in rainbow trout Oncorhynchus mykiss (Lilley & Rouger 1990). In the
period of retention, some batches of eggs for different fish were not viable (overripening)
and gradually deteriorated. Aegerter & Jalabert (2004) studied the effects of oocyte
ageing in rainbow trout on egg quality problems.
Zona radiata (ZR) and the micropyle of teleost eggs play an essential role in the
reproductive success. They are species specific and micropylar ultrastructure is used as
an identification tool (Chen et al 2007). Berois et al (2011) found that ZR structures act
as bio-monitor for environmental stress. The ultrastructural features of the egg
membrane of silver carp Hypophthalmichthys molitrix and micropyle number and size
have been used in ichthyology as taxonomic tool (Esmaeili & Johal 2005). Rizzo et al
(2003) studies the egg surface, micropyle opening during over-ripening when egg losses
viability. Li et al (2000) observed the pores on the ZR of marine fish eggs in three genera
in Perciformes. They revealed that the pore diameter was significantly different only in
different genera not in the same genus.
The aim of the present study is to explore the best protocol; gonadotropin
releasing hormone analogue (GnRHa) or mixed FSH and LH hormones (Epigonal), for
ovulation induction of white sea bream D. sargus. Also, the study describes the effects of
different hormonal injections protocols on egg quality using differences in oocyte size,
ultrastructural of the oocytes surface and ZR thickness during ovulation induction of D.
sargus.
Material and Method
Broodstock management and hormonal induction. Matured female fish were
captured from the East Coast of the Mediterranean water at Alexandria, Egypt. They were
transported to the Research Unit at the NIOF Hatchery; stocked and acclimatized in
fiberglass tanks filled with filtered sea water. The experiment was performed during the
pre-spawning period in January 2018. Ninety mature females (18.5-20.8 cm, total
length; 130-415 g, body weight) were used and divided into three groups. Each group
was represented as triplicate tanks. They were fed on fresh trash fish and crab 2% of
body weight day , 6 days week . The first group was controlled while other two groups
were induced with two different hormonal therapies protocols.
-1
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Experimental design
Endocrine induction of final oocyte maturation and ovulation. The present study adopted
two hormone therapy protocols; the first one is the injection of the females
intramuscularly with two doses of GnRHa 0.05 µg kg-1 at 24 hrs interval time (T1). In the
second protocol, the females were injected intramuscularly with two doses of 75 IU of a
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mixture of FSH and LH (commercially: Epigonal 75 IU) with a 24 hrs interval time (T 2)
(Table 1). Few drops of clove oil were used for anesthesia during the injection of the fish
to decrease the effect of stress on endocrine and ovulatory response during handling.
Gonadal biopsies were used to determine oocyte development stages and oocyte
diameters at the beginning of the experiment and during the artificial induction protocols.
The oocytes of five anesthetized females were sampled during the experiment by
polyethylene cannula while at the end of the experiment and after 24 hrs of the second
injection the small ovarian samples of fresh dead fish D. sargus were collected.
Table1
Different doses of hormonal therapies for artificial ovulation induction of Diplodus sargus
Treatment
T0 (control)
T1
T2

Hormone
GnRHa
Epigonal (mixture of FSH & LH)

1st inj.
2nd inj.
1st inj.
2nd inj.

Doses
0.05 (µg kg-1)
0.05 (µg kg-1)
75 IU
75 IU

In both protocols; after the second injection, fish were anesthetized and sacrificed to
obtain the gonads for histological evaluation. Accurate measurements of ZR thickness
were made with scanning and transmission electron images during artificially induced
ovulation.
Egg fixation for scanning and transmission electron microscopy. The eggs were ﬁxed in
2.5% glutaraldehyde (2.5% glutaraldehyde and 2% paraformaldehyde) solution, both in
0.1 phosphate buffer (pH 7.4, 4oC) for 24 h. Post-ﬁxation was performed in 1.5%
osmium tetroxide for 2 hrs at room temperature, and washed four times with phosphate
buffer (pH 7.4). Following ﬁxation, the specimens were dehydrated with an ethanol
series, the eggs were dried at 30-40ºC, glued to stubs coated with 20 nm of gold, and
viewed with scanning electron microscopy (SEM). The eggs were also subjected to
routine procedures for transmission electron microscopy. In this case, after fixing the
tissue pieces were placed in propylene oxide for 60 min, then in pure Epon. The tissues
were sectioned at 1 µm and stained with toluidine blue. Sections were examined by
light microscope to identify different representative regions to be sectioned.
Ultrathin sections were sectioned with a diamond knife and mounted in copper grids,
stained with uranyl acetate and lead citrate ( Bancroft & Stevens 1982), and examined
with a transmission electron microscopy (TEM).
Statistical analyses. Relationships between oocyte diameter and ZR thickness and
significant differences were calculated at p < 0.05. Moreover, correlation between pore
diameters and the intervening distances were studied and compared between the control
and test groups. T test measured a significant difference between the means of the pore
diameters and distances between pores in both injection protocols. Statistical analyses
were performed using Excel statistical Analysis 2010.
Results
Effect of different hormonal induction protocols on artificially induced ovulation.
In the control groups all females failed to ovulate while the two hormonal injection
protocols groups showed clear differences in the ovulatory female responses during
ovulation induction. A first injection of mixed hormone of FSH and LH (Epigonal) was
most effective on ovulation induction. In contrast, the majority of the females injected
with GnRHa underwent an over-ripening process even after the first injection.
Effect of different hormonal induction protocols on egg surface pores. The
pattern of pore distribution in the oocyte surface in control female groups was as
appeared as a snaky pored line with irregular arrangements; pore diameter 0.06±0.01
µm and with 0.35±0.05 µm mean distances between pores (Figure 1A). After the 24 hrs
from the first injection of the two hormonal protocols, the ovulated egg surfaces were
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gradually perforated with a large number of pores. These were scattered uniformly on the
egg surface with different distribution patterns regardless of diameters and distances
(Figures 1B, 1D). The number of pores in the egg surface area (pore density) of the first
protocol (GnRHa) was larger than the number of pores in the same surface area of the
second protocol (Epigonal). At the first GnRHa injection, the mean of pore diameter was
0.29±0.14 µm, and characterized with large holes pattern scattering with small distances
between pore (Figure 1B). In contrast, after the same time of first Epigonal injection, the
pores of egg surface (0.15 ± 0.05 µm in mean diameter) were observed smaller (Figure
1D). Also, pore surface had a crowded distribution with the mean distance between pores
0.24±0.05 µm (Figure 1D). The results showed the significant differences (p < 0.05) in
pore diameters between the first injections of the two protocols.
After 24 hrs of the 2nd GnRHa injection, the surface of the ZR was smooth with
regular arranged small pores (cone shape) with diameter ranging from 0.04 to 0.09 µm
with average 0.05±0.05 µm and distributed distance ranging from 0.19 to 0.24 µm with
average 0.23±0.1 µm (Figure 1C). On the other hand and after 24 hrs of the 2nd
Epigonal injection, the mean diameter of circular pores was 0.07±0.02 µm with uniform
distribution; arranged in diamond pattern (Figure 1E). The mean distance between pores
was 0.44±0.11 µm. There was a significant difference (p < 0.05) between pore
diameters between the second injections of both protocols.
Relation between pore diameters, oocyte diameters and distance between
pores. The pore diameters decreased linearly in relation to oocyte diameter after second
injection. In both protocols, a significant negative correlation between the oocyte
diameter and pore diameters was observed during artificially induced ovulation of the two
protocols (R2 = 0.94, p < 0.05) (Figure 2).
In addition, a linear relationship was found between pore diameters and distance
in between pores along the first and second injection of the two protocols. A statistically
significant negative correlation (p < 0.05) in both protocols between pore diameters and
distance between pores was found during artificial ovulation induction (Figure 3).
Ultrastructure of zona radiata. The histological and ultrastructure of ZR before and
after artificial hormonal injection of D. sargus are shown in Figures 4 and 5. At the onset
of the study, females were containing full-grown oocytes with diameter approximately
700-720 μm. The ultrastructure of mature control oocytes of D. sargus was characterized
with full membranes structure; ZR, granulosa and theca (Figure 4F). The ZR consisted of
two layers: a thinner ZR externa and a thicker ZR interna (ZRI). The ZRI had many
layers with dark uniform electron-dense with distribution of round pores. After GnRHa
injection protocol, the structure of the ZR completely collapsed with irregular break
downs and no distinguished layers (Figures 4A, 4B and 4C). The ultrastructural
examination of the oocyte walls (ZR) after second artificial induced ovulation in both
protocols indicating postovulatory stage, is shown in Figures 4C and 4E.
By SEM photomicrographs observation, the ZR of the matured control oocytes had
eight dense layers (Figure 5A). During injection, ZR thickness decreased and condensed
which indicated that the oocyte had been stretched (Figures 5B and 5C). D. sargus eggs
were characteristics with only one micropyle (Figure 6). The micropyle of the over
ripening eggs after a second injection of mixed hormones was still remained open even
after over-ripening and completely loss the viability.
By TEM examination, ZR was found to be a simple structure and the pore canals
lost their path on either side after the first injection of GnRHa (Figure 7A). In contrast,
after GnRHa second injection, the ZR of the over ripening eggs was not observed and
was completely absent (Figure 7B). The hypertrophied granulosa and follicular epithelial
layers with cytoplasm devoid of organelle are shown in Figure 7B. The difference between
ZR thicknesses was observed between the first and second injection of Epigonal group
amounting to almost being halved after the second injection (Figures 7C and 7D). With
oocyte diameters increasing progressively, the ultrastructural changes gradually become
obvious in ZR and pore canals become closed at ZR as seen in Figures 7C and 7D.
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Figure 1. Scanning electron micrographs (SEM) of the oocyte surface at the ovulatory and post-ovulatory oocytes after first and second injection of two
hormones in the Diplodus sargus, showing (A), Control oocyte showing the differences in the distribution of pores (Pr). (B), After the first injection of
GnRHa, (C), After the second injection of GnRHa, (D) After the first injection of Epigonal; (E) After the second injection of Epigonal.
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Figure 2. Relationship between oocyte and pore diameters after hormonal injections of the
two protocols.

Figure 3. Relationship between pore diameters and distance between pores after hormonal
injections of the two protocols.

Figure 4. Photomicrograph of semithin section of the oocytes, ovulated and over ripening eggs
before and after artificial hormonal injection of D. sargus, (A): after first injection of GnRH, (B):
after second injection of GnRH, (C): after second injection of GnRH at late overriping stage, (D):
after first injection of Epigonal, (E): after second injection of Epigonal, (F): control oocytes.

A

B
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Figure 5. Scanning electron micrographs in (ZR) of control oocytes and ovulated eggs after first
injection of two hormones in the Diplodus sargus showing the differences measures of zona radiata
(ZR) layers. (A): control oocyte, (B): after the first injection of GnRH, (C): after the first injection
of Epigonal; the photos showed the compact of ZR corresponding to hormonal injection.

Figure 6. Scanning electron micrographs (SEM) showing micropylar opening of the Diplodus sargus
over ripening eggs after a second injection of mixed hormones (Epigonal).

Figure 7. Photomicrograph of TEM in ZR of Diplodus sargus oocytes after first and second injection
of two hormones. (A): after the first injection GnRH, showing faint radiated ZR; (B): after the
second injection of GnRH, showing completely absent ZR; (C): after the first injection of Epigonal,
showing closed pore canals; (D): after the second injection of Epigonal, showing deformed
structure of ZR.
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Relation between zona radiata thickness and oocyte diameters. A linear
relationship was found between ZR thickness and oocyte diameters. A statistically
significant positive correlation between ZR thickness and oocyte diameters was found
when oocyte diameter ranged from 700 to 775 µm (r = 0.910, R2 = 0.826, p < 0.05) at
artificially ovulation of D. sargus; whereas, a significant negative correlation was
observed when oocyte diameter increased from 780 to 827 µm (r = -0.949, R2 =0.899, p
< 0.05), during over-ripening stage (Figure 8).

Figure 8. Changes in thickness of chorion in Diplodus sargus eggs in relation to oocyte diameters
during artificially induced ovulation in both protocols.

Discussion. Reproductive hormones have an impact on the artificial ovulation induction
and regulate over-ripening mechanism. Many variables can impact the artificial induction
success; type and doses of the stimulating hormones, oocytes size and ZR thickness. The
present study demonstrated the effect of two different hormonal induction protocols on
D. sargus ovulation as evidenced by ultrastructure changes.
The present results showed that the first injection of Epigonal (75 IU) was efficient
to induce ovulation in D. sargus. Epigonal likes natural pituitary hormones, acted directly
on gonads to stimulate the ovulation process. Nagahama & Yamashita (2008)
demonstrated the importance of the LH level which influences the synthesis of major four
sex hormones that regulate the oocyte maturation and egg ovulation in fish. Epigonal
used was sufficient to stimulate ovulation after a few hours of the first injection. The
ovulated oocytes retained in the ovarian cavity may depend on the time period which is
species-specific. Over-ripening oocyte is one of the most important factors negatively
affecting ultrastructure the egg quality. This process may depend on the time of stored
these ovulated eggs in the ovarian cavity which consequently affect the quality and
obstruct the whole reproductive process. Morphological changes occurring in ovulated
eggs retained inside the body ovarian cavity may lead to overripe eggs. This was
demonstrated by the oocyte wall changes after the second hormone injection. There was
a negative impact on the theca, granuloza and ZR layers. This was observed from twelve
hours onwards after the first injection. It means that the manual stripping of the ovulated
eggs is may required at an accurate time from the onset of the ovulation. McEvoy (1984)
found that using the stripping method of newly ovulated eggs of Scophthalmus maximus,
the highest fertilization rate and good quality of eggs was obtained. Oocyte ageing may
happen according to delayed spawning, delayed egg stripping or environmental stress.
Lahnsteiner (2000) studied the effects of doses and time spent in the ovarian cavity on
the over-ripening of the ovulated rainbow trout eggs and postulated that all treated
females were stripped at a standard 10-11 hrs.
GnRHa injection in the present study may affect the synthesis and release of LH
from the pituitary that decrease the LH pituitary content and consequently elevate
plasma LH levels. Ismail & Negm (2018) reported that adult female D. sargus had
maximum size of gonadotroph cells with high granulation (amount of hormone) at the
pre-spawning time, which support their endocrine function in reproduction manipulation.
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The first dose of GnRHa (0.05 µg kg-1) hormonal injection pushed the oocytes to
undergo over-ripening as seen in ultrastructure changes. There are large variation in
GnRHa doses as seen in various previous studies which showed that the optimal effective
dose of GnRHa is species-specific: 1-5 µg in milkfish (Chanos chanos) (Tamaru et al
1988), 70 µg in chum salmon (Oncorhynchus keta) (Park et al 2007) and 100 µg of
GnRHa pellets in starry flounder (Platichthys stellatus) (Lim 2016). Mateos et al (2002)
illustrate that GnRHa injection has no effect on FSH hormone synthesis or release but
effects the LH synthesis and release from the pituitary.
In the present study, it was found that the ZR thickness of fish increased with
increasing oocytes diameter in the ovulatory stage. In contrast, at the onset of post
ovulation stage, ZR are stretching and consequently becoming thinner with increasing
oocyte diameters. Oocyte quality starts rapidly to decline and lose its viability during over
ripening in the ovarian cavity. It was found that ZR thickness decreased even further
after 2nd injection of both ovulation induction trials. Earlier, Formation et al (1993) also
reported that after 24 hrs of ovulation, the over-ripped eggs were characterized with
larger diameters than the newly ovulated egg with a thinner ZR layer. They observed the
morphological changes of the outer pore canal during over-ripening in goldfish eggs. In
contrast, Rizzo et al (2003) described that no differences were detected between newly
ovulated and over-ripened eggs in curimata Prochilodus marggravii.
In the present study, it was found that type and dose of hormonal injection had a
direct impact on the ultrastructure changes in the ZR thickness and oocytes diameter at
ovulation and post ovulation stage. The ZR thickness was significantly thinner after the
first dose of GnRHa compared to the first dose of Epigonal group. Following the second
injection of both protocols, progressive changes occurred in ZR structure with disruption.
Similarly, Craik & Harvey (1984) found that oocyte over ripening strongly correlated with
the breakdown of ZR and observed the decrease in the organic molecules in the oocyte
membranes. Moreover, Izumi et al (2015) found a positive correlation between oocytes
diameters and number of hormonal salmon-pituitary-extract (SPE) injections with ZR
thickness of artificially maturing eel.
The work showed a decreased number and diameter of pores on the stretched ZR
layer with increase in the distances in between. Therefore, the characteristics of ZR pores
may be considered as one of the important guides for reproductive success and egg
quality determination.
Interestingly, after the first injection of GnRHa, the number of pores on the egg
surface was higher than the Epigonal group. But both groups had less pores after the
second dose. This is supported by Groot & Alderdice (1985) who found that the small
eggs had a higher number of pores per unit area than larger eggs. Moreover, Li et al
(2000) also found significant differences in pore diameter only in the different genera.
A micropyle is another ultrastructure feature in D. sargus eggs observed in the
study. It functions as a species identification tool and closes off to prevent polyspermy
after fertilization (Chen et al 2007). In the present results, it was seen still open in over
ripped eggs which has lost its complete viability. Rizzo et al (2003) reported the same
results in curimata eggs.
This study is the first description of ZR ultra structure after artificially induced
ovulation of D. sargus which may help to elucidate the effectiveness of the hormonal
induction. It suggests that GnRHa hormone is not effective in inducing ovulation whereas
mixed hormone is more effective from the first injection. For high-quality egg production,
it is essential to determine the stage of oocyte development, type and doses of hormone
injection, the onset of ovulation and the best time for manual stripping to achieve high
egg quality and prevent oocyte ageing.
In the present study, oocyte over-ripening is an accurate explanation for the
gradual ultrastructural changes occurring in the oocytes of D. sargus and loss of oocytes
viability after a short time of ovulation obtained from females administered hormonal
artificial ovulation induction.
Interestingly, this study shows clear differences in the ovulatory responses
between two hormonal injection protocols. A single injection of mixed FSH and LH
hormone (Epigonal) was most effective on stimulating ovulation. In contrast, the majority
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of the females underwent an over-ripening process from the first injection of GnRHa
current dose (0.05 µg kg-1). A lower dose might be effective in achieving better egg
quality.
Conclusions. The present study presented the artificial induced ovulation in D. sargus by
a single dose of mixed FSH and LH hormones (Epigonal) that was sufficient to achieve
high egg quality before 12 hrs post injection. The study highlights the importance of
harmonizing the stage of oocyte development, type and doses of hormone injection, the
onset of ovulation and the best time for manual stripping to achieve high egg quality and
prevent oocyte ageing. Further studies are needed to determine the appropriate GnRHa
dose to improve the ovulation induction protocols and produce high-quality eggs.
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