E.U. Su Uriinleri Dergisi 2007
E.U. Journal of Fisheries & Aquatic Sciences 2007
Cilt/Volume 24, Sayi/lssue (1-2): 137-141

© Ege University Press
ISSN 1300 - 1590
http://ifas.ege.edu.tr/

Research Note / Arastirma Notu

Oocyte Development in the Zebrafish, Danio rerio (Teleostei: Cyprinidae)*

*Ozlem Cakicl, Sema Isisag Ugiinci

Ege University, Science Faculty, Biology Department, Zoology Section, 35100 Bornova, Izmir, Turkey
*E mail: ozlem.cakici@ege.edu.tr

Ozet: Zebra baliginda Danio rerio’da (Teleostei: Cyprinidae) oosit geligimi. Zebra bali§i ovaryumlarinda oosit gelisimi 11k
mikroskobu ile arastiriimis ve histolojik 6zelliklere gére ayirt edilen dort esas gelisim asamasi; primer oosit evresi, kortikal alveolar

evre, vitellojenik evre ve olgunluk evresi olarak tanimlanmistir.
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Abstract: Oocyte development in the ovary of zebrafish were investigated by light microscopy and four main developmental stages
differentiated according to their histological properties were identified as primary oocyte stage, cortical-alveolar stage, vitellogenic

stage, and maturation.
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Introduction

Applying of biosciences in fisheries and fish production needs
to have a proper information of reproductive physiology of
teleosts. Biologists have long been familiar with the maturation
of the oocytes and so many studies were performed on fish
ovary, oogenesis and ovarian cycle (Selman & Wallace, 1986;
Kjesbu & Kryvi, 1989; Casadevall et al., 1993; Selman et al.,
1993; Isisad, 1996; Micale et al., 1999; Peixoto et al., 2003;
Utoh et al., 2004; van Aerle et al., 2004; Arockiaraj et al.,
2004; Simonsen & Gundersen, 2005). By the way, stages of
oocyte development in the zebrafish was also described
earlier (Selman et al, 1993). As a general agreement,
morphological data are the main axis for physiological
investigations, and fish oocytes provide an appropriate
experimental system with which to investigate the molecular
mechanisms controlling reproduction.

The main criteria used to determine the oocyte
development is the structure of nucleus, deposition of vitellus,
and the formation of acellular and cellular layers of oocytes:
zona radiata, granulosa and theca. From these point of views,
the aim of the present study was to describe the oocyte
development stages of the asynchronous ovary of zebrafish,
Danio rerio, in order to construct a main route for advanced
researches.

Material and Methods

Zebrafish (n=20) were obtained from commercial dealers and
acclimated to filtered, dechlorinated and well aerated tap
water in 20 It aquaria. They were fed once daily with Tubifex
sp., Daphnia sp., and commercial fish food (Sera-San). The
water temperature was maintained at 27+3 °C and the
photoperiod was set at 14L/10D. Fishes were sacrificed with

MS222 and the ovaries were removed and fixed in the Bouin’s
fixative for 48 hours. Specimens were dehydrated in alcohol
and xylol, infiltrated and embedded in paraffin. Serial sections
at 6-7 pm stained with hematoxylin-eosin (H&E), and
paraldehyde fuchsine (PAF) were examined by light
microscope.

Results

According to the histological parameters, four main steps of
the oocyte development described below were identified.
Atretic follicles did not evaluated.

The first step of the oocyte development is named as
“primary oocyte stage”. At the beginning phase of this stage,
relatively small oocytes were mostly spherical in shape.
Ooplasm was intensely stained while the nucleus was not
(Fig. 1a). As oocytes were enlarged, the nucleoli could be
easily seen to form a line oriented peripherally (Fig. 1b).

Figure 1. Early (a) and late (b) phases of primary oocyte stage. Nucleolus
(Noy; follicle layer (FL) and chromatin material (x). Stain: H&E. Bar= 30 ym
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Chromatin materials were clearly visible in both of the
small and relatively large oocytes. Although the follicular
epithelium was also observed particularly for large ones, to
make a differentiation for the layers was not possible.

“Cortical-alveolar stage” is the second step of the oocyte
development. While the diameter of the oocytes were
increased, cortical alveoli were appeared firstly at the
peripheral zone of the ooplasm (Fig. 2) and increased in
number to form a peripheral row (Fig. 3), in this way, oocytes
were filled with alveoli which were consequently get denser
and enlarged (Fig. 4).

Nuclei were irregular in shape. Most of the nucleoli were
attached to inner border of nuclear membrane (Fig. 5).

32 EA&‘E!-_A — '. _._3

Figure 2. Early cortical-alveolar (CA) stage. Stain: H&E. Bar= 50 pm

T

Figure 3. Progress in cortical alveolar stage. Cortical alveoli increased in
number. Stain: H&E. Bar= 50 ym

Figure 4. Late cortical alveolar stage. Ooplasm filled with cortical-alveoli (CA).
Stain: H&E. Bar= 30 ym

The end of the stage was characterized by the migration
of the nucleus to the animal pole, just beneath the oocyte
surface (Fig. 6). As shown at the same figure, follicular layers
were thickened and the most prominent one was zona radiata.

In the third step which is named as “vitellogenic stage”,
the oocytes were more enlarged and reached at their maximal
size. When stained with PAF, the area filled by yellowish yolk
droplets could be seen firstly at the central zone of the
oocytes (Fig. 7).

Figure 5. Cortical alveolar stage. The nucleoli (—) oriented peripherally and
follicle layers (FL). Stain: H&E. Bar= 50 ym

Figure 6. End of the cortical alveolar stage. Nucleus migration (—), zona
radiata (ZR). Stain: H&E. Bar= 50 ym

Figure 7. Beginning of the vitellogenic stage. Vitellus droplets (V) at the central
zone and cortical alveoli (CA) at the peripheral zone. Stain: PAF. Bar= 50 ym
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The droplets which were heterogenous in appearance
were accumulated and widened towards to the peripheral
zone (Fig. 8). Zona radiata was thicker, and granulosa-theca
cells were easily identified with both of the staining methods
(Fig. 8,9).

Figure 8. Progress in vitellogenic stage. Accumulation and widening of
heterogenous vitellus droplets (V). Stain: PAF. Bar= 50 um

Figure 9. Follicle layers. Zona radiata (ZR), granulosa (G), and theca (T).
Stain: H&E. Bar= 30 ym

Because of the continuous accumulation of yolk sac, the
area occupied by ooplasm was very limited (Fig. 10) in the last
step of the oocyte development which is named as
“maturation stage”. Oocyte layers were folded irregularly.
Spawning following the rupture of the layers would occur at
the end of the stage.

5

Figure 10. Mature oocyte filled by vitellus droplets (V), cortical alveoli (CA),
and ooplasm (Op). Stain: PAF. Bar= 50 ym

Discussion

Gonadal development and reproductive strategy have been
described in many teleost species in an effort to understand
the physiological mechanisms of reproduction. Many
investigations have been carried out on the development of
germ cells in fish (e.g., Wallace & Selman, 1981; Arockiaraj et
al., 2004). Oocyte maturation follows a similar pattern in most
teleosts (Casadevall et al., 1993; Kayaba et al, 2001,
Brandao et al.,2003, Carrason & Bau, 2003). In general terms,
zebrafish oocyte development stages are also in accordance
with other teleosts (Selman et al., 1993).

Adult zebrafishes spawn several times in a month, most
teleost species with asynchronous ovary have protracted
spawning seasons with multiple spawning (Selman et al.,
1993, Carrason & Bau, 2003). There is no doubt that this kind
of reproductive strategy may present some important
advantage for achievement to a high productive capacity.

As might be expected, there is not a consensus on the
terminology of oocyte maturation stages; especially first
development stages of oocytes. For example, this stage of
oocyte maturation is named previously as “first and second
stage” for Blennius pholis (Shackley & King,1977); “immature
oocyte stage” for Barbus luteus (Al-Daham et al., 1979);
“primary growth stage” for Gadus morhua (Kjesbu & Kryvi,
1989) and Brachydanio rerio (Selman et al, 1993);
“previtellogenesis stage” for Ophidion barbatum (Casadevall
et al., 1993); “chromatine-nucleolus and perinucleolar stage”
for Labeo capensis (van Der Merwe et al., 1988); Thunnus
thinnus (Corriero et al., 2003) and Aidablennius sphynx
(Carrason & Bau, 2003); “perinucleolar stage” for Pimaphelas
promelas (van Aerle et al, 2004) and Farfantepenaeus
paulensis (Peixoto et al, 2003). In this article, the term
“primary oocyte stage” is preferred. Although this situation
results in marked confusion, it is clear that all of the main
histological aspects of maturation stages described in above-
mentioned papers are similar.

Three different forms of vitellus of the teleost oocyte are
oil droplets, yolk vesicles and yolk globules. However, the first
one is absent in zebrafish (Leung et al., 2000). Despite the
general agreements on the function of droplets for buoyancy
and energy supply, little is known about the structural
functions of its. Based on the conclusion of Kayaba et al.
(2001), it is plausible that the phospolipidic content of the
droplets are consumpted in the organelles such as
mitochondria and Golgi apparatus. At this point, a critical
question arises: What are the main sources which are used
for construction of organelles in zebrafish eggs which have not
oil droplets? It is strongly possible that the main sources of
structural organization are maintained from not only the
contents of oil droplets, but also the contents of vesicles
and/or globules.

Kayaba et al. (2001) stated that cortical alveoli (yolk
vesicles) which are initially observed at the periphery of the
ooplasm then increase in number and form a peripheral row.
According to same authors, as the size and number of cortical
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alveoli is small, and the accumulation of yolk globules start
immediately after the appearance of cortical alveoli, it is
difficult to distinguish them by H&E stain in Japanese eel.
However, this is not the case for zebrafish and the other
teleosts except Japanese eel.

Ultrastructural observations indicated that cortical alveoli
are closely associated with golgi bodies and the endoplasmic
reticulum (Kayaba et al. 2001). Two different types of cortical
alveoli, those containing filamentous and those containing
latticed material, were distinguished in B. pholis (Shackley &
King, 1977) and A. japonica (Kayaba et al. 2001). On the
other hand, cortical alveoli contained only flocculent material
in F. heteroclitus was also reported by Anderson (1968).
There is no doubt that these statements cannot be confirmed
by light microscopy.

Vitellus globules are known to be formed by
accumulation of small vesicles (Anderson, 1968; Shackley &
King, 1977). It is observed that most parts of the oocyte is
filled with large number of heterogenous globules in this study.
Nagahama (1983) was reported that vitellus vesicles of
zebrafish have had a crystalin structure surrounded with a
superficial layer and outer membrane. This kind of
crystallization is also observed in Gadus morhua (Kjesbu &
Kryvi, 1989). Selman et al (1993) were noted that yolk
globules would lose their crystalline interior and become
homogeneous through maturation. The transparency of the
zebrafish eggs may be due to this process.

Vitellogenesis is one of the most important reproductive
phenomenons in egg-laying animals and it is well known that
many proteins and lipids are actively synthesized and
transported into the oocyte during vitellogenic processes. In
this regard, the most important protein is probably vitellogenin,
which is synthesized in the liver and bounded to vitellogenin
receptor located in the oolemma (Wallace, 1985; Selman &
Wallace, 1986; Tyler et al, 1990). Furthermore, detailed
histochemical findings about the relationships between
follicles and sex steroid hormones were revealed by Young et
al., 1983; Selman et al. (1993) and Afonso et al. (1996).

Leaving physiological mechanisms involved in
vitellogenesis for further studies, the vitellin membrane, zona
radiata deserves special mentioning at least histologically. It is
7-8 ym and 30 um in Carassius auratus and Salmo gairdneri
(Nagahama, 1983). In zebrafish, we have measured it as 5-6
pm. These differences are possibly due to the various
ecological conditions, as noted by Branddo et al., (2003);
Guraya (1986) and Suzuki et al. (2000) for demersal eggs
which are often subjected to abrasive forces, generally
developes thick envelopes with complex lamellae. The
differences of the thickness of zona radiata of the oocytes
regarding Hemiodus species are seemed to be related to the
resistance of their oocytes (Brandéo et al., 2003). The thicker
zona radiata can provide a mechanic protection against the
abrasion of the bottom, as noted by S. gairdneri (Nagahama,
1983).

The origin and denomination of zona radiata is a
contraversial issue. Selman & Wallace (1986) named it as

primary membrane in Hippocampus erectus and Syngnathus
fuscus, anticipating that it is originated by the oocyte.
However, connecting the formation process to follicular cells,
Wourms & Sheldon (1976) named it as secondary membrane.
Based on its radially striated appearance by light microscope,
which is due to the transport function, the term “zona radiata”
was preferred at this study.

According to Suzuki et al. (2000) the pores of zona
radiata are to maintain the resistance to abrasion while
granulosa layer that is related to adhesiveness. On the other
hand, Brand&o et al. (2003) noted that the “grooves” of zona
radiata were covered by filaments and related to
adhesiveness. Kayaba et al. (2001) were performed that the
microvillar processes extending from both the oocyte
cytoplasm and the follicle cells increased in number and
length during egg maturation of Japanese eel, Anguilla
japonica, and also noted that the formation of such a reticular
network is in a general agreement with observations in other
teleosts. Undoubtly; vitellogenesis, egg maturation and
hatcing are very complex processes which need active
synthesis and transport of many proteins and lipids. As might
be predicted, it is not possible to give a conclusion for
transporting mechanisms of precursor materials by light
microscopy. This study should only assist in developing
improved methods for further researches.

References

Afonso, L. O. B., P. M. Campbell, G. K. Iwama, R. H. Devlin & E. M.
Donaldson. 1997. The effect of the aromatase inhibitor fadrozole and two
polynuclear aromatic hydrocarbons on sex steroid secretion by ovarian
follicles of coho salmon. Gen. Comp. Endocrinol., 106: 169-174.

Al-Daham, N. K. & M. N. Bhatti. 1979. Annual changes in the ovarian activity
of the freshwater teleost, Barbus luteus (Heckel) from Southern Iraq. J.
Fish Biol., 14: 381-387.

Anderson, E. 1968. Cortical alveoli formation and vitellogenesis during oocyte
differentiation in the pipefish, Syngnathus fuscus, and killifish, Fundulus
heteroclitus. J. Morphol., 125: 23-60.

Arockiaraj, A. J., M. A. Haniffa, S. Seetharaman & S. Singh. 2004. Cyclic
changes in gonadal maturation and histological observations of
threatened freshwater catfish “narikeliru” Mystus montanus (Jerdon,
1849) Acta Ichthyol. Piscat., 34 (2): 253-266.

Brandao, C. A. da S. (in memoriam), M. de F. M. Valentim & E. Pellegrini-
Caramaschi. 2003. Ovary maturation stages and oocyte features in three
species of the neotropical fish Hemiodus (Miller, 1842), Braz. Arch. Biol.
Technol., 46 (3): 433-441.

Carrason, M & M. Bau. 2003. Reproduction and gonad histology of
Aidablennius sphynx (Pisces: Blenniidae) of the Catalan Sea
(Northwestern Mediterranean). Sci. Mar., 67 (4): 461-469.

Casadevall, M., G. Streisinger, F. Singer & C. Walker. 1993. Description of
different stages of oogenesis in Ophidion barbatum (Pisces, Ophidiidae).
Environ. Biol. Fish., 36: 109-123.

Correiro, A., S. Desantis, O. Deflorio, F. Aceno, C. R. Bridges, J. M. Dela
Sernas, P. Megalofonou & G. de Metrio. 2003. Histological investigation
on the ovarian cycle of the bluefin tuna in the western and central
Mediterranean. J. Fish Biol., 63: 108-119.

Guraya, S. S. 1986. The cell and molecular biology of fish oogenesis. In:
Monographs in Developmental Biology (S. S. Guraya & S. Karger, eds.),
pp 1-262. Karger, Basel.

isisa§, S. 1996. Some histological investigations on the ovaries of Liza
ramada Risso (1826) (Mugilidae, Teleostei), (in Turkish). Ege
Universitesi Su Urlinleri Dergisi 13 (3-4): 339-353.

Kayaba, T., N. Takeda & K. Yamauchi. 2001. Ultrastructure of the oocytes of
the Japanese eel Anguilla japonica during artificially induced sexual



Cakici and Ugiincii / E.U. Su Uriinleri Dergisi 24 (1-2): 137-141 141

maturation. Fish. Sci., 67 (5): 870-879.

Kjesbu, O. S. & H. Kryvi. 1989. Oogenesis in cod, Gadus morhua L., studied
by light and electron microscopy. J. Fish Biol., 34: 735-746.

Leung F. C., S. E. Webb & A. L. Miller. 2000. On the mechanism of ooplasmic
segragation in single-cell zebrafish embryos. Develop. Growth Differ., 42:
29-40.

Micale, V., G. Maricchiolo & L. Genovese. 1999. The reproductive biology of
the amberjack, Seriola dumerilii (Risso, 1810). I. Oocyte development in
captivity. Aqua. Res., 30 (6): 554-563.

Nagahama, Y. 1983. The functional morphology of teleost gonads. In: Fish
Physiology, Vol IXA (Hoar, W. S., Randal, D. J. & Donaldson, E. M.,
eds), pp 223-275. Academic Pres, New York.

Peixoto, S., R. O. Cavalli, F. D. Incao, A. M. Milach & W. Wasielesky. 2003.
Ovarian maturation of wild Farfantepenaeus paulensis in relation to
histological and visual changes. Aqua. Res., 34: 1255-1260.

Selman, K. & R. A. Wallace. 1986. Gametogenesis in Fundulus heteroclitus.
Amer. Zool., 26: 173-192.

Selman, K., R. A. Wallace & QI. X. Sarka. 1993. Stages of oocyte
development in the zebrafish, Brachydanio rerio. J. Morphol., 218: 203-
224,

Shackley, S. E. & P. E. King. 1977. Oogenesis in a marine teleost, Blennius
pholis L. Cell Tiss. Res., 181: 105-128.

Simonsen, C. S. & A. C. Gundersen. 2005. Ovary development in Greenland
halibut (Reinhardtius hippoglossoides) in west Greenland waters. J. Fish
Biol., 67: 1299-1317

Suzuki, H. 1., Agostinho, A. A. & Winemiller, K. O. 2000. Relationship between

oocyte morphology and reproductive strategy in loricariid catfishes of the
Parana River, Brazil. J. Fish Biol., 57 (3): 791-807.

Tyler, C. R., J. P. Sumpter & P. R. Whittames. 1990. The dynamics of oocyte
growth during vitellogenesis in the rainbow trout, Oncorhyncus myksiss.
Biol. Reprod., 43: 202-209.

Utoh, T., N. Mikawa , A. Okamura, Y. Yamada, S. Tanaka, N. Horie, A.
Akazawa & H. P. Oka. 2004. Ovarian morphology of the Japanese eel in
Mikawa Bay. J. Fish Biol., 64: 502-513.

van Aerle, R, T. J. Runnals & C. R. Tyler. 2004. Ontogeny of gonadal sex
development relative to growth in fathead minnow. J. Fish Biol., 64: 355-
369.

van der Merwe , W., J. H .J. van Vuren & J. F. Vermaak. 1988. Cyclic
histomorphological changes in the ovary of mudfish, Labeo capensis.
Aquaculture 63: 27-41.

Wallace, R. A. & K. Selman. 1981. Cellular and dynamic aspects of oocyte
growth in teleosts. Amer. Zool., 21: 325-343.

Wallace, R. A. 1985. Vitellogenesis and oocyte growth in nonmammalian
vertebrates. In: Developmental Biology (Browder, L.W., ed.) Vol 1, pp
127-177. Plenum, New York.

Wourms, J. P. & H. Sheldon. 1976. Annual fish oogenesis. Il. Formation of the
secondary egg envelope. Develop. Biol., 50: 355-366.

Young, G., H. Kagawa & Y. Nagahama. 1983. Evidence for a decrease in
aromatase activity in the ovarian granulosa cells of Amago Salmon
(Oncorhynchus rhodurus) associated with final oocyte maturation. Biol.
Reprod., 29: 310-315.



