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ORIGINAL PAPER

S. Dadzie, E. Abou-Seedo and T. Al-Shallal

Histological and Histochemical Study of Oocyte
Development in the Silver Pomfret, Pampus
argentus (Euphrasen), in Kuwait Waters

Abstract: Histological and histochemical studies of
oocyte development in the silver pomfret, Pampus
argenteus (Euphrasen), collected from the Kuwait waters
of the Arabian Gulf, showed that the process of
development is divided into four phases: (i) primary
growth phase, (ii) secondary growth phase, (iii) oocyte
maturation phase and (iv) oocyte atresia phase. The first
two phases break into a series of sub-phases referred to as
stages. Germ cells (oogonia) proliferate through mitotic
divisions and are transformed into oocytes. Growth of the
oocytes as a result of synthesis of vitelline substances
eventually results in maturation. Lipid inclusions which
appear in the primary growth phase oocytes are probably
transient since they disappear before the oocytes enter the
secondary growth phase. Three types of inclusions are
formed during vitellogenesis. Lipid yolk accumulates
first in the secondary oocytes as lipid vesicles, followed
by protein yolk in the form of discrete protein yolk
granules. The third type of inclusion is carbohydrate
which is present in the zona radiata. While the protein
yolk granules maintain their structural integrity through
to maturation and coalesce only thereafter, the lipid yolk
vesicles continually coalesce, forming a large lipid
globule which migrates centripetally.
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Introduction

The silver pomfret, Pampus argenteus
(Euphrasen), locally called zobaidy, is a member of
the family Stromateidae. This typical marine fish is
widely distributed in the tropical coasts, from the
Arabian Gulf (Mohamed and Ali, 1992; Ali and
Mahmood, 1993), through the Bay of Bengal to
Japan Sea (Mito and Senta 1967) and East China
Sea (Higashikawa and Masumitsu 1976). It
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accounts for about 15% of the commercial fish
landings in Kuwait (Morgan 1985) and is the most
highly priced and the most sought-after fish in the
country (Al-Shallal 1998). P. argenteus also plays
an important role in the fisheries of the other
countries bordering the Arabian Gulf (Mohamed
and Ali 1992, Ali and Mahmood 1993), Indonesia
(Dwiponggo 1984), China (Luo et al. 1993), Korea
(Kim and Lee 1992) and Bangladesh (White 1985).
The species has also been reported in the North Sea
(Davis and Wheeler 1985).

Despite its economic importance, only a few
studies have been undertaken on aspects of the
reproductive biology of P. argenteus in Kuwait
waters and, indeed, in the Arabian Gulf as a whole
(Hussain and Abdullah 1977, Abu-Hakima et al.
1983, Dadzie et al. 1998). Furthermore, the species
is a desirable candidate for aquaculture in Kuwait
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and neighbouring countries.  This study was
therefore undertaken to describe the histological and
histochemical changes in the ovaries, and also to
delineate the periods of occurrence of the different
developmental phases during the reproductive cycle
of the fish in Kuwait waters. This research will
provide data useful for aquaculture and management
of the species in Kuwait waters of the Arabian Gulf,

Materials and Methods

Fresh samples of P argenteus were obtained
from commercial gill-net catches from the northern
part of the Kuwait waters of the Arabian Gulf (Fig.
1). The nets were 1,000-2,500 m long, with a 13.8
cm mesh size, and were laid at depths ranging
between 7 and 15 m. They were set at dawn,
between 0300 and 0500 h and were examined and
fish collected between 1300 h and 1400 h. The
vessels with P. argenteus catches docked by 1530 h
and samples for the study were obtained between
1530 and 1700 h. Monthly sampling lasted for 24
months, from March 1996 to February 1998. Since
pomfret fishing was banned during April-May 1997,
samples for those months were obtained under a
special permit using a private fishing vessel
(courtesy of Kuwait Public Authority for
Agriculture Affairs and Fish Resources), and
keeping to the same fishing method and maintaining
the same sample size.

Fig. 1. Map of Kuwait waters of the Arabian
Gulf, showing the fishing area (hatched)

The total length (TL, cm), standard length (SL,
c¢m) and body weight (g) of each sampled fish were
recorded upon arrival in the laboratory. The fish
were then dissected, sexed, and the gonads removed,
weighed (mg), and the parts for routine histological
processing fixed in Bouin’s fixative for a minimum
of 24 hrs. They were then dehydrated in alcohol,
cleared in toluene, infiltrated with parafin wax and
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embedded also in paraffin wax. 5-10 um sections
were stained in haematoxylin and counterstained
with eosin to study the histological changes during
development

Pieces of the gonads from the central part of the
organ were preserved in appropriate fixatives and
processed accordingly for histochemical studies,
according to Drury and Wallington (1980), with
modifications where necessary, as follows.

Demonstration of Lipids

Thin pieces (2-3 mm) of ovaries were fixed in
4% formalin for 24-36 hrs. They were then washed
in running tap water for 12-16 hrs and post-fixed in
2% osmium tetroxide for 24 hrs, dehydrated, cleared
in toluene and embedded in paraffin wax. 5-7 um
sections were examined with the light microscope.

Demonstration of Proteins

Thin pieces (2-3 mm) of ovarian tissues were
fixed in absolute alcohol for 4-5 hrs, cleared in
toluene and embedded in paraffin wax. 5 m
sections were dehydrated and immersed in
preheated Ninhydrin at 37°C for 16-20 hrs. After
washing in running tap water, the sections were
immersed in Schiff’s reagent for 30 mins and
washed again for 3 mins. They were then
counterstained with Coomassie-brilliant  blue,
instead of haematoxylin, as per Drury and
Wallington (1980), and  washed, dehydrated,
cleared in xylene and mounted in balsam, ready for
examination.

Demonstration of Carbohydrates

Thin pieces (2-3 mm) of ovarian tissues were
fixed in 10% formalin for 24-36 hrs, washed in
running tap water overnight, cleared in toluene and
embedded in paraffin wax. 5 um sections were
immersed in tap water for 3-5 mins, then in periodic
acid for 7 mins. After rinsing in distilled water, the
sections were immersed in Schiff’s reagent for 20
mins, then, in contrast to Drury and Wallington
(1980), treated in three sclutions of sulphurous acid
for 2 mins each, before being washed in running tap
water for 5 mins and counterstained with Harris
haematoxylin. The sections were then dehydrated,
cleared in xylene and mounted in balsam.

Oocyte Measurement

Cell and nuclear sizes were measured using an
ocular micrometer fitted in Zeiss 010516
microscope at x10, x40 and x100 objectives. For
each development phase or subphase, ovaries of five
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fish were examined and, in each ovary, oocyte and
nuclear diameters were measured for 50 randomly-
selected cells and the means determined. Only those
oogonia and oocytes which had been sectioned
through the nucleus were measured. This procedure
has been shown to be representative of the true
oocyte diameter (Foucher and Beamish 1980).

Results

Histology of Oocyte Development

The germ cells of the ovary of P argenteus
undergo a series of morphological changes during
development and, for descriptive purposes, can be
divided into various stages on the basis of (i)
cell and nuclear sizes, (ii) staining affinity, (iii)
structure of the nucleus and nucleoplasm, (iv)
number and location of the nucleoli within the
nucleus, (v) the appearance and structure of the
chorion and (vi) the appearance, location and
organization of different inclusions {yolk) in the
oocyte. Based on these features, the process of
development of the ovaries of P argenteus will be
divided into the following four phases: (a) primary
growth phase, (b) secondary growth phase, (c)
oocyte maturation phase and (d) oocyte atresia
phase. The first two phases break into a series of
sub-phases referred to as stages.

Primary Growth Phase
Oogonia stage (Fig. 2a)

The oogonia are the primary germ cells of the
ovary. They are small, spherical cells (12+2pm)
with large nuclei (8+1 um) relative to the size of the
oogonia. The centrally-located nuclei have
conspicuous nuclear membranes. The oogonia
occur either singly, within cysts of developing germ
cells, or in groups, usually at the edge of ovigerous
folds. These cells proliferate through mitotic
divisions, giving rise to oogonia of subsequent
generations. Qogonia are present in the ovaries of P
argenteus throughout the year, but in Kuwait waters,
the peak period of oogonial proliferation is from
May to August, following immediately the first
spawning peak, since nests of oogonia were present
in greatest abundance in recovering spent ovaries,
apart from immature virgins.

Chromatin nucleolus stage (Fig. 2b)

Following the last mitotic division of the
oogonia, the last daughter oogonial cells enter a
short period of growth and transform into primary
oocytes. Such cells are characterized by a narrow
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zone of cytoplasm and a small number of strongly
basophilic nucleoli, while the nucleus is slightly less
basophilic,

Early perinucleolar stage (Fig. 2¢)

The appearance of the early perinucleolar stage
oocytes marks the beginning of the primary growth
phase proper. These oocytes are recognized, among
other characteristics, by their size. They have a
minimum size of 21 pm but the overall cell size is
43+14 um and 19+6 pum for the nucleus. The nuclei
undergo reorganization in connection with meiosis
as evidenced by their slight increase in size and the
conspicuousness of the chromosomes which
shorten, thicken and form loose threads scattered in
the granular nucleoplasm - a characteristic of the
diplotene stage of meiotic prophase.  Early
perinucleolar oocytes are also characterized by the
number of nucleoli they bear, one in the younger
ones and 2-3 in the slightly advanced ones. The
cytoplasm and nucleoli are strongly basophilic.
During the early perinucleolar stage, tiny vesicles
appear in the cytoplasm and persist into the late
perinucleolar stage. They increase in number and
size as the oocyte grows and are randomly
distributed throughout the cytoplasm. Towards the
end of the primary growth phase they seem to
disappear.

Late perinucleolar stage (Fig. 2d)

The oocytes are characterized by greater sizes,
the smallest measuring 74+9 um. The large nucleus
(35+5 um) contains numerous small, round
peripheral nucleoli, The cytoplasm is less
basophilic as compared to that of the early
perinucleolar oocytes.

During the primary growth phase, each ovary
becomes enveloped by a thin, single layer of
connective tissue with dark, spindle-shaped nuclei,
forming the theca (Fig. 2e). Also during the same
growth phase, a conspicuous cytoplasmic structure,
the yolk nucleus, appears in the cytoplasm of the
developing oocyte as a round or oval basophilic
body near the nuclear membrane. It migrates to the
periphery of the oocyte where it breaks down and
completely disperses prior to the next growth phase.

By the end of the late perinucleolar stage the
oocyte increases in size up to 10242 pum, while the
nucleus measures 45+13 um. Females with
perinucleolar stage oocytes, characteristics of
maturing virgins or recovering spent, are common
from June to February in Kuwait waters, with a clear
peak from September to January.
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Secondary Growth Phase

A number of larger primary growth phase
oocytes undergo recruitment into the secondary
growth phase. The latter are characterized by the
presence of yolk inclusions, thus marking the
beginning of vitellogenesis.

A W -
Fig. 2. Histological appearance of primary growth
phase oocytes in P. argenteus.(a) Oogonia(arrowed).
(b) Chromatin nucleolus stage (arrowed). (c) Early
perinucleolar stage oocytes exhibiting numerous
vesicles in the cytoplasm. (d) Late perinucleolar
stage oocytes exhibiting reduced basophilia in
the cytoplasm (arrowed). (e) Early perinucleolar
stage oocyte exhibiting a layer of connective tissue
(arrowed) and a yolk nucleus (yn).
Lipid vesicle stage I (Fig. 3a)

Oocytes in this stage measure 120422 pm for the
cell and 45+13um for the nucleus. Lipid vesicles
occur in a discrete zone in the mid cortex without
much evidence of the randomly-distributed lipid
vesicles which appeared in the primary growth
phase oocytes. By the end of the stage, lipid
vesicles increase in number and size. Granulosa
cells appear between the theca and the plasma
membrane and the nuclear membrane loses its
smooth contour and becomes convoluted (Fig. 3b).
Lipid vesicle stage II (Fig. 3c)
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As the oocyte further increases in size (145+29
um for the cell and 56+14 um for the nucleus),
the lipid vesicles also increase in size and number
and now appear distributed throughout the
cytoplasm. A thin acellular membrane, the zona
radiata, becomes visible around the periphery of the
oocyte, occupying the area earlier taken by the layer
of granulosa cells, thus pushing the latter behind. In
Kuwait waters, P. argenteus with oocytes in the lipid
vesicle stage, characteristic of developing ovary, are
present throughout the year but dominate from
February to April.

Primary yolk granule stage (Fig. 3d)

Oocytes in this stage measure 274+31 um and
the nucleus, 81+17 um, and are characterized by the
appearance of numerous small granules (5 pm) in
the outer cortex. By this time the lipid vesicles have
become larger (15+2um) and the zona radiata more
prominent. P argenteus with oocytes in this stage,
characteristics of maturing, are observed in Kuwait
waters from February till October.

Secondary yolk granule stage (Fig. 3e)

Oocytes in this stage increase in size to 304+78
um and the nucleus, 83+19 pum. The large,
centrally-located nucleus is now very convoluted.
The yolk granules have increased in number and
size (942 um) and are coalescing. The two trophic
substances do not occupy discrete zones but are
interspersed. ~ The zora radiata increases in
thickness (14+2 um) and becomes differentiated
into an outer eosinophilic layer, the zona radiata
externa and an inner basophilic layer, the zona
radiata interna.

Tertiary yolk granule stage

Oocytes in this stage measure 405+56 um and
72418 um for the nucleus. There is an increase in
the coalescence of the lipid droplets which have
now enlarged to 65+12 um, while the protein yolk
granules also increase in size (3245 pm). This
marks the end of the period of growth. Females
with yolk granule stage oocytes, characteristic of the
mature condition, are present in Kuwait waters in
April-August with peaks in May and August.

Migratory nucleus stage (Fig. 3f)

At the attainment of the maximum size of the
oocyte, the nucleus migrates centrifugally to one of
the poles (nuclear polarization) which delineates the
animal pole of the oocyte. This is followed by a
further and final coalescence of the lipid droplets
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into a large lipid globule measuring 140179 pm.
The oocytes are now termed “postvitellogenic
oocytes”.

Oocyte Maturation Phase

Oocyte maturation begins with the peripheral
migration of the nucleus and the resumption of
meiosis which had been arrested at the diplotene
stage of meiotic prophase during the primary growth
phase. Nuclear migration is followed by the
dissolution of the nucleus, referred to as the
germinal vesicle breakdown. With the latter process,
coupled with the coalescence of the protein yolk
granules and lipid yolk globules, the oocyte rapidly
increases in volume due to hydration, causing the
follicle to stretch and thus become thin. During
these changes, the zona radiata, which is now called
chorion, remains prominent. The stage after the
completion of maturation is referred to as the egg
stage and the oocyte is now referred to as an egg.
The contents of the egg now appear homogeneous
and translucent. This marks the end of
development.

Oocyte Atresia Phase

During development a number of oocytes
suddenly cease to develop and, instead, undergo
degenerative changes leading to their resorption
from the oocyte by the process of atresia. Although
atretic oocytes are found in P argenteus females
throughout the year, they are commonly found
during and after the spawning season. Indeed, after
spawning, all vitellogenic oocytes which remain in
the ovary become atretic.

The first signs of atresia in vitellogenic oocytes
in P. argenteus is detected when the zona radiata
becomes convoluted and starts to break up.
Concomitantly, the granulosa cells proliferate and
hypertrophy and invade the oocyte, ingesting the
yolk by phagocytosis (Fig. 3g). Finally, the
phagocytic granulosa cells, in turn, also degenerate,
leaving behind a lightly staining fibrous mass
surrounded by connective tissue elements.
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Fig. 3. Histological appearance of secondary
growth and atretic phase oocytes. (a) Lipid vesicle
stage 1 oocytes (arrowed). (b) Lipid vesicle stage |
oocyte exhibiting granulosa cells (arrowed). (c)
Lipid vesicle stage Il oocytes (arrowed). (d)
Primary yolk grannule stage oocytes (arrowed). (e)
Secondary yolk grannule stage oocytes (arrowed).
(f) Migratory nucleus (mn) stage oocytes, exhibiting
coalesced lipid globule (Ig). (g) Atretic oocyte (ao)

Histochemistry of Oocyte Development
Lipids

Both the primary and secondary growth phase
oocytes revealed positive reactions with osmium
tetroxide. The tiny vesicles and the slightly larger
ones observed in the early and the late perinucleolar
stage oocytes respectively appeared as black spots
on histochemical preparations (Fig. 4a), indicating
the contents to be lipids. The lipid vesicle stages of
the secondary growth phase oocytes are also
characterized by the appearance of lipid vesicles in
the cytoplasm, first as individual vesicles but later
coalesce. Osmium tetroxide-positive reactions were
detected in the vesicles of all the oocytes tested
histochemically (Fig. 4a).

Proteins

The small granules that appear, in histological
slides, in the outer cortex of the primary yolk stage
oocytes during the secondary growth phase, gave a
positive reaction (pinkish-red) with the Ninhydrin-
Schiff reagent, a specific test for protein (Fig. 4b).
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As the oocyte grows and transforms into the
subsequent stages, the protein yolk granules
increase in size and number and are distributed
throughout the cytoplasm.

Carbohydrates

Periodic-Acid-Schiff-positive reaction, a specific
test for carbohydrates, was detected positively
only in the zona vradiata as magenta-red
granules (Fig. 4¢).

Fig. 4. Histochemistry of oocyte development. (a)
Section stained for lipids with osmium tetroxide.
Lipids are stained black in early perinucleolar stage
oocyte (epo), late perinucieolar stage oocyte (lpo)
and lipid vesicle stage oocytes (lvo). (b) Section
stained for protein with Coomasie-brilliant blue. (c)
Section stained for carbohydrates with PAS. id, lipid
droplet; py, protein yolk grannule; ca, carbohydrate

Discussion
The process of development of the oocytes of P,
argenteus follows the same basic progression as that
described in other teleostean species (Yamamoto
1956, Dadzie 1974, Forberg 1982, Mayer et al.
1988, Abou-Seedo and Al-Khatib 1995, Coward and
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Bromage 1998, Dadzie and Owiti 1998, Maddock
and Burton 1999). Oogonia proliferate and grow
into immature, previtellogenic oocytes which
characterize the immature ovary. Transformation of
the oocyte into the maturing phase, characterized by
the appearance of yolk inclusions, marks the
beginning of vitellogenesis, followed by oocyte
growth and maturation and, finally, nuclear
polarization and ovulation.

Controversial reports exist on the onset of
spawning in P. argenteus in Kuwait waters. While
Hussain and Abdullah (1977) and Abu-Hakima et al.
(1983) observed spawning beginning in March and
April respectively, Dadzie et al. (1998) provided
evidence that indicates a delay in spawning until
May, with the first spawning peak in May, and the
second in August.

As proposed by Dadzie et al. (1998), a number of
environmental cues are thought to stimulate
spawning activity in fully mature fish (Summers
1996). For instance, an increase in stream discharge
(Webb and Hawkins 1989) and spate conditions
(Owiti and Dadzie 1989) initiated spawning in a
number of species. For the enhancement of
gametogenesis, leading to maturity and spawning,
the role of temperature is undisputably recognized
(Ahsan 1966, Asahina and Hanyu 1983, Summers
1996). In the Northern Arabian Gulf, low salinities,
caused by discharge from the Euphrates river, are
generally believed to trigger spawning in P
argenteus. In the recent past, the entire discharge of
fresh water from the Euphrates has been diverted in
the Northern Arabian Gulf as a result of economic
and social changes. It is probable that persistent
high salinities, coupled with temperature changes,
are responsible for the late maturity and delay
observed in the spawning of the silver pomfret.
These findings support the banning of the species
from May and not March, as previously practised, in
Kuwait waters.

With the change in the onset of spawning, a
change in the annual variations in the maturity
stages (Abu-Hakima et al. 1983) has also been
observed. In their recent study, Dadzie et al. (1998)
delineated a seven-stage scale of maturity of the
ovaries but did not indicate the times of the year
when females in the different stages dominate the
pomfret population. This missing information is
now provided in this study and, interpreting it
together with the data on maturity stages (Dadzie, et
al. 1998), the following holistic summary may be
made (Fig. 5): Stage | (immature) females are
common from May to February, Stage II (maturing
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virgin or recovering spent) females dominate from
February to April, Stage I (developing) are
commonest from February to October, Stages 1V
and V (maturing and mature) females appear from
April to August with peaks in May and August,
Stage VI {running) fish occur from May till August,
while Stage VII (spent) females show up soon after
spawning in May and persist till October.

Months
J FM A MIJI I A S8 OND

Maturity stage

I Immature

i Maturing virgin/
Recovering spent

m Developing

IV | Maturing
v Mature

VI | Running

Fig. 5. Relationship between maturity stages and
season in P. argenteus in Kuwait waters.

Histochemical studies of fish ovaries have, in
most cases, targeted vitellogenic or secondary
growth phase oocytes. However, during oogenesis,
lipids are sometimes formed in perinucleolar or
primary growth phase oocytes as confirmed through
histochemical analysis (Dadzie 1974). Such lipid
inclusions, however, tend to disappear from the
oocytes towards the end of the primary growth
phase as osmium tetroxide test proves negative.
Similar observations were made in the present study.
Dadzie (1974) postulated that such lipids may not be
considered as contributing to the lipid yolk and that
they are probably used by the young oocytes for
their growth; hence their disappearance from the
oocyte before the vitellogenic phase. Their presence
may therefore be considered as transient.

Two types of yolk inclusions, viz. yolk vesicles
and yolk granules, have been described in the
vitellogenic oocytes of Liopsetta obscura and
Clupea pallasii (Yamamoto 1956) and Carassius
auratus (Khoo 1979). In Brachydanio rerio these
inclusions were designated as travesicular and
intravesicular  (Malone and  Hiscaka 1963).
However, the occurrence of two types of yolk is not
universal among teleosts. In some species, three
types of yolk have been observed. Yamamoto
(1956) described yolk vesicles, yolk globules and
lipid globules in Hypomesus japonicus, Guraya
(1965) noted three types of yolk in Channa
marulius, while Mayer et af. (1988) described
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lipid yolk, protein yolk and carbohydrate yolk in
Dicentrarchus labrax. Similar to the observations
of Mayer et al. (1988), three types of inclusions are
formed during vitellogenesis in £, argenteus, viz.
lipid vyolk droplets, protein yolk granules and
carbohydrate  yolk. These inclusions differ
distinctly in their morphology, tinctorial affinities
and rhythm of deposition.

In P. argenteus, lipid yolk, in the form of distinct
lipid droplets, is the first type of yolk inclusion to
accumulate in vitellogenic oocytes. The appearance
of these endogenous lipid droplets has been
considered to mark the start of vitellogenesis
(Shackley and King 1977). The accumulation of
lipid yolk prior to that of protein yolk is common in
rmost teleosts studied (see review by Wiegand 1982).

Protein yolk accumulation occurs after lipid yolk
accumulation in P argemteus.  Protein yolk,
exogenous in origin, is sequestered in the form of
discrete granules and become the predominant yolk
inclusion. While the protein yolk maintain their
structural integrity at maturation, the lipid droplets,
on the other hand, coalesce and migrate
centripetally. The protein yolk granules actively
coalesce only after maturation. Similar
observations, about the fate of the lipid yolk droplets
and protein yolk granules, were reported by Maver
et al. (1988).

The typically small vesicles (cortical alveoli),
termed carbohydrate volk (Raven 1961), close to the
oocyte periphery as reported by Dadzie {1974),
Bromage and Cumaranatunga (1988) and Coward
and Bromage (1998) were not revealed by the PAS-
test in the oocytes of P argenteus. PAS-positive
reaction, indicating the presence of carbohydrate,
was detected only in the zona radiata, similar to the
findings of Shackley and King (1977) in Blennius
pholis and Mayer ef al. (1988) in Dicentrarchus
labrax.
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