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ABSTRACT
Zonaradiata (ZR) is an area that originates in early stages of the oocyte growth

coveringoolemma, grows and thickens gradually during developmental stages. The structure of
the ZR provide exchange of nutritional material and gases during vitellogenic and embryonic
stages meanwhile could be related to habitat and spawning location of the fishes. Light and
scanning electron microscopic studies on the histological sections of ovaries and oocytes in both
the common carp (Cyprinuscarpio) and the grass carp (Ctenopharyngodonidella) showed
zonaradiataappearence in previtellogenic stage (cortical alveolar stage) as an amorphous and
simple acellular layer that reached its maximum thickness and complexity at vitellogenic stage.
In post-vitellogenic (mature) and fertilized oocytes, the zonaradiata of both species gained
simplicity and reduced in thickness. Obvious difference in thickness, architecture and number of
pore-canals were seen among ZR of all stages of oocyte development of both species. Also, in
common carp mature eggs unlike to the grass carp eggs, a gelatinous or jelly coat was seen
around the ZR. Such features could present species — environment ties and as remedies to
reproduction obligations.
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INTRODUCTION
Zonaradiata (ZR) or otherwise called
zonapellucida [13], chorion[12], eggshell
[28], egg membrane [33], egg envelope [5],
vitelline membrane [9], external membrane
[16] and vitelline envelope [34], is an area
appearing between oocyte plasma membrane
(oolemma) and follicular envelope [1]. The
ZR changes gradually during ovarian
developmental stages under management of
oocyte and follicular cells both [26]. ZR
main functions include transport of yolk
material, egg fixation to the substratum,
sperm attraction, prevention of polyspermy
and antibacterial and mechanical protection
during spawning, fertilization and post-
fertilization periods [34]. For the developing
embryo, the ZR enables gas exchange,
excretion and transport of nutrients from the
external environment [30], [34]. The ZR was
suggested as a possible biomonitor for
ecological contaminants [5] and biomarker
for environmental estrogens [3].

There are very conflicts about the number
of the layers of the ZR. Some researchers
believe that the ZR in all species of the bony
fishes is consisted of two layers, the thin
zonaradiataexterna  (ZRe) and the thicker
zonaradiatainterna (ZRi) [29]. In seahorse
(Hippocampus erectus),

pipefish(Syngnathusfuscus) [1] and

Serrasalmusspilopleura, the ZR has three
layers named Z; the oldest layer), Z, (middle
layer) and Z3 (the youngest layer), from outer
to inner side respectively. [7]demonstrated
that the egg envelope ofthe white sturgeon
(Acipensertransmontanus) was consisted of
four layers, Li-L4 including the outermost
jelly layer. On the other hand, some
researchers do not account L, (jelly layer) as
a layer of the ZR, because it is not secreted
before the activation of eggs [8]. In some
bony fish species such as the viviparous
fishes, for example,
Xiphophoroushelleri[26], the ZR is simple
and non-layered. Comparative ultrastructural
studies of the ZR of marine fish eggs in three
genera (four species) of Perciformesby Li
(2000) [24] demonstrated that there have
been differences on distribution density of
pores on outer surface of the ZR among
species. The ZR surface and distribution
density of pores are useful characters for
distinguishing among the four species. Based
on ultrastructure of the ZR in the common
carp (Cyprinuscarpio) Shabanipour and
(2010) [32] also established

information on density, size and connection

Hossayni

of pores on both outer and inner surfaces of
ZR.

1JBPAS, September, 2015, 4(9), Special Issue

316



Ali Moghaddam et al

Research Article

For the present study, two cyprinid fish- the
common carp (Cyprinuscarpio, Linnaeus
1758) and grass or white carp
(Ctenopharyngodonidella, Valenciennes
1844) were selected and the growing ZR
during oocytes developmental stages and
their post-fertilization modifications were
evaluated. The selected species belong to
separate genera and differ from each other in
various aspects of biology such as feeding
habits, living environment, breeding ground
and strategies. Because of different level of
systematic  position difference in fine
structure of the ZR would be expected
particularly at pre- and post- fertilization
stages of eggs.

MATERIALS AND METHODS

Sample collection
Samples (ovaries, mature and fertilized

eggs) of the common carp and the grass carp
were obtained from local private fish farm.

Histology
All samples were fixed in Bouin’s solution

for 24 hours and then dehydrated in a series
of graded methanol, cleared in xylene,
embedded in paraffin wax and sectioned at 5
pm thickness by rotary microtome. Sections
were stained by hematoxylin and eosin stains
and mounted permanently.

Microscopy
Tissue sections were studied under light

microscope (Olympus), photomicrographs

provided and evaluated by TSView camera
and software. To exploit the details of events
happening in stained prepared slides, a single
desired wunstained paraffin section was
selected out of a known serially sectioned
ovary tissue or oocyte and glued on a small 1
cm x 1 cm cover slip. The section was then
deparaffinized by xylene and cleared by 90%
methanol for several times [20]. In the SEM
Center at the University of
MohagheghArdabili, cover slips  were
mounted on stubs, gold coated, scanned by
LEO 1430VP SEM and measurements were
made by LEO serv-32 software.

RESULTS

Histological preparation as well as SEM
micrographs of primary growth stage did not
showed any sign of ZR.At the previtellogenic
stage (cortical alveolar stage), the
zonaradiata (ZR) was formed by growing of
outgrowths (microvilli) from the oocyte and
follicular cells surface toward each other and
deposition of substances around the
microvilli (Fig. 1B). At this stage, the ZR
seemed as a thin, simple and acellular layer
between the oocyte plasma membrane
(oolemma) and follicular envelope (average
thickness in common carp and grass carp

were 0.75 and 0.4 micron, respectively).
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Figure 1. Stage 11 oocytes; A- and C- Photomicrographs of the common carp and the grass carp, respectively; B- and D- SEM

micrographs of the common carp and grass carp, respectively, ZR: zonaradiata, CA: cortical alveoli (yolk vesicles), N: nucleus, O:

ooplasm, F: follicular envelope, O,: oocyte in primary growth stag (stage 1), MvF: microvilli from follicular cells, MvO: microvilli from

oocyte surface.

In early vitellogenic oocytes (stage IlI) (Fig.
2A), the ZR attained further thicknessand
complexity grade. Pore-canal organization
became obvious. It is appeared that microvilli
penetrated the ZR material and made canals
from inner surface (oolemma side) to outer
surface (follicular epithelial side). In late
vitellogenic stage oocytes, the ZR reached
maximum thickness in both species (average
thickness in common and grass carps were

84 and 2.8 micron, respectively) and

complications (Figs. 2B to E). Follicular
envelope was present around the oocytes of
both species (Figs. 2A to E). Fence-like
striations (stria) or canals were clearly
distinguished in histological preparations
(Figs. 2B and D) of the ZR and microvilli
were observedpenetrating into canals (Figs.
2A, C and E). Yolk granules in both species
and lipid droplets or globules in grass carp
occupied entireooplasm (Figs. 2B and 2D).
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Figure 2.Vitellogenic stage; A- and C- SEM micrographs of ZR in common carp; B- and D- histological photomicroghraphs of oocyte

coverings in common carp and grass carp, respectively; E- SEM micrograph of ZR in grass carp; ZR: zonaradiata, F: follicular

envelope, O: ooplasm, Ol: oolemma, Y G: yolk granules, LD: lipid droplets or globules, S: striations (stria), C: canal, P: pore, Mv:

microvilli.

In post-vitellogenic (mature) oocytes (stage
IV), the thickness and the complexity of the
ZR reduced apparently in both fish (Fig. 3)
(average thickness in common carp and grass
carp were 5.5 and 2.3 micron, respectively).
Yolk granules joined each otherresulting into
formation of yolk plates(Figs. 3A and 3D). In
both species, the ZR were spaced in a
distance from the oolemma and a wide space
was formed between them called perivitelline
space (Figs. 3A and 3D). Large
evaginationsalong cell margin were produced

in the ZR of the grass carp giving it wrinkled

appearance (Fig. 3D). Most canals were
occluded or disappeared and traces were
present as shallow grooves. Microvilli were
not observedanymore. A potential gelatinous
or jelly coat was seen around the ZR of the
common carp eggs (Fig. 3A). The ZR in
common carp posses fewer pores on the inner
surface but larger in size and did not show a
specific arrangement(Fig. 3B), The ZR outer
surface though exhibited to be morein
number, smaller in size and arranged linearly
(Figs. 3C).
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Figure 3. Post-vitellogenic (mature) oocytes; A- and D- photomicrographs of the common carp and grass carp, respectively; B- and C-

SEM micrographs of the common carp(when gelatinous coat was removed) and E- SEM micrograph of the grass carp; ZR: zonaradiata,

G: gelatinous or jelly coat (of two adjacent oocytes), CT: canal trace, Ex: external surface of the ZR, In: internal surface of the ZR, P:

pore on the opening of canal, YP: yolk plates, O: ooplasm, PvS: perivitelline space, W: wrinkle.

POST - FERTILIZATION FEATURES

Further reduction in depth and number of
pore-canals (striations) continued in both
fishes (the average thickness of the ZR in
common carp and grass carp reached 2.2 and
1.05 micron, respectively) (Fig. 4A and B,
4C to E). Pores and canals were almost
disappeared in grass carp ZR covering oocyte
and seemed as a compact and homogenate

structure approximately similar to its initial

form (Fig. 4C to E). Certain traces of canals
were seen in the common carp eggs (Fig. 4B
and C). The perivitellineformed wider space
and the ZR was elevated with a distance from
thickened oolemma region (Figs. 4A, C and
D). Inthis stage, the modified ZR is called
"fertilization envelope or membrane”. The
number and length of the wrinkles were
increased in grass carp eggs (Figs. 4C and
D).
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Figure4. Fertilized oocytes; A- and C- Photomicrographs of the common carp and grass carp, respectively; B- SEM micrograph of the

common carp and D- and E- SEM micrographs of the grass carp; ZR: zonaradiata,G: gelatinous or jelly coat, In: internal surface of the
ZR, Ex: external surface of the ZR, PvS: perivitelline space, Ol: oolemma, O: ooplasm, W: wrinkle, YP: yolk plate, CT: canal trace.

DISCUSSION
In both carp species, the ZR did not appear at

previtellogenic stage 1 (primary growth
stage), though in Pseudosciaena crocea it
was suggested to be initiated at this stage. At
the present study, the ZR was first observed
at previtellogenic stage Il (cortical alveolar
stage) as a thin, simple and acellular layer
around the oocyte, which increased gradually
in thickness and structural complexity during
further development of oocyte passing from
the cortical alveolar stage to the vitellogenic
stage. Other researchers have also reported
the origination of the ZR at cortical alveolar
stage [1], [20], [23], [31], [32]. Despite the
agreement of researchers on the origination

of the ZR in previtellogenic stage, Koc
(2012) [22] reported the appearance of the
ZR of the zebrafish eggs in vitellogenic
stage.

During vitellogenic stage (stage IlI), the
ZR gradually attained maximum thickness
and complexity grade of pore-canals
organization (Fig. 2). Vitellogenesis has been
denoted as a very complex process that need
active transport of raw materials from blood
[6],

and

therefore
better

to oocytes the gradual
defined

organization of the ZR, exhibited an effective

increment overall

role to be performed as e route for transport
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of essential materials to be incorporated in
yolk synthesis (during vitellogenesis).

On oocyte sections, the striation of the
ZR are actually the canals or passageways
made by microvilli or processes originating
from oolemma and follicular cells towards
each other[26]. The canals were presented in
different size and do not go straight forward
along the ZR (Figs, 2A, C, E). All canals
open to the surface directly or indirectly by
means of a pore on either sides of the ZR
layer (internal or external). In the common
carp the pores on internal and external
surfaces of the ZR (Figs. 3B and C) differ in
number and size. But how this inequality in
pore-canals and also direction of pathway of
canals act in transportation of materials, is
These
demonstrate a type of selective transport
[26].

In post-vitellogenic (mature) oocytes,

yet  unknown. properties  may

the ZR found quite simple architecture and
its complexity (fence-like striations) was
reduced tremendously (Fig. 3A, D and E). In
commom carp it was appeared that the canals
were occluded andinner surface pores though
larger in size were few in number compared
with smaller and more pores on outer
surface.In grass carp on both inner and outer
surfaces of ZR the reduction in number of

pores was impressive in such a way that

pores were rarely observed.These results
confirm the findings of Hurley and Fisher
(1966) [16] which demonstrated that when
the rainbow trout eggs maturated, the number
of pore-canals reduced because of their
occlusion. These changes may exhibit the
reduction of nutritional and increment of
protective role of the ZR (particularly in the
grass carp eggs).

After fertilization, Outside the ZR in
zygotes of the common carp, a gelatinous or
jelly coat was appeared. Common carp lives
and spawns in warm and slow waters and this
envelope can act for adhesion of eggs to the
spawning substrate (macrophytes) [25]. The
absence of such covering over the fertilized
eggs of grass carp is believed to be related to
the spawning habitat of this fish. Grass carp
lives and spawns in fast waters. The eggs are
therefore

semipelagic, they were not

provided any device or material for
attachment to substratum[21]. It might be
argued that the wide perivitelline space and
wrinkles of ZRwould protect the eggs from
the high mechanical pressure of the external
environment. The studies of Huysentruyt and
(2005) [17] on the
(Corydorasaeneus) and Heidari et al. (2009)
[15] on the

(Rutilusfrisiikutum) revealed that generally in

Adriaens catfish

Kutum

cyprinid ~ fish

teleosts, small protuberances, attaching-
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filaments or  microvilli-like  adhesive
structures perform such roles. In fertilized
eggs, the reduction in thickness and structural
complexity of the ZR was further proceeded
(Fig. 4). The striated feature of the ZR was
approximately lost and the ZR changed to a
nearly homogenated and elevated region.
Perivitelline space (the space between
oolemma and the ZR) became wider and
oolemma region showed to be thicker (Figs.
4A, C and D). It is appeared that these
changes are the result of cortical reaction,
i.e., at the time of fertilization, cortical
alveoli attach to the oolemma and exit their
contents into  perivitelline space by
exocytosis and change the structure of the ZR
[14], [19]. Thus, this area is hardened and
elevated and transformed to the fertilization
envelope or membrane. The histochemical
composition of the CA, which also varies
among species, is made up of glycoprotein
and/or glycoconjugate[4]. Transformation of
the ZR by the alveolin and transglutaminase
with reduction in diameter closes the
micropyle and blocks polyspermy[27].
Iwamatsu (1983) [18] showed that when
oocytes were dechorionated (the ZR
removed or separated) and massaged with
sperms, polyspermyoccured.

We saw that differences in ZR fine- and

ultra-structure between two species are

remarkable. For example, the number of
layers, architecture of pore-canals and
existence or absence of microvilli were
different. This is to be expected, because
these two species belong to different genera
(Cyprinus and Ctenopharyngodon), as
comparative ultrastructural studies of the ZR
of marine fish eggs in three genera in
studied

perciformes revealed that the

characters (absence or presence and
distribution density of pores) did not differ
significantly for the fishes in the same genus,
but was significantly different for different
genera, even when the genera were in the
same family [24].

REFERENCES

[1] Anderson, E. 1967. The formation of the
primary envelope

during oocyte

differentiation in teleosts. The Jornal of
Cell Biology. 35, 193-212.

[2] Arokwe, A., &Goksoyr, A. 2003.
Eggshell and egg yolk proteins in fish:
hepatic proteins for the next generation:
oogenetic, population, and evolutionary

implications of endocrine  disruption.
Comparative Hepatology. 2(4), 1-21.

[3] Arukwe, A., Knudsen, F.R. &Goksoyr,
A. 1997. Fish zonaradiata (eggshell) protein:
a sensitive biomarker for environmental
Health

estrogens. Environmental

Perspectives.105, 418-422.

1JBPAS, September, 2015, 4(9), Special Issue

323



Ali Moghaddam et al

Research Article

[4] Bazzoli, N. &Godinho, H.P. 1994.
Cortical alveoli in oocytes of freshwater
neotropicalteleost fish. Bolletino di zoologia,
61(4), 301-308.

[5] Berois, N., Arezo, M.J. & Papa, N.G.
2011. Gamete interactions in teleost fish: the
egg envelope. Basic studies and perspectives
as  environmental
Research. 44, 119-124.
[6] Celius, T. & Walther, B.T. 1998.

Oogenesis in Atlantic salmon (SalmosalarL.)

biomonitor.Biological

occurs by zonagenesis preceding
vitellogenesisin vivo and in vitro. Journal of
Endocrinology. 158, 259-266.

[7] Cherr, G.N. & Clark, W.H. 1982. Fine
structure of the envelope and micropyles in
the eggs of the white sturgeon,
AcipensertransmontanusRichardson.Develop
ment, Growth & Differentiation. 24, 341-352.
[8] Conte, F.C., Doroshov, S.1., Lutes, P.B.
&Strang, E.M. 1988. Hatchery manual for
the white sturgeon Acipensertransmontanus
Richardson, with application to other north
American acipenseridae. Cooperative
extension, University of California, Division
of Agriculture and Natural Resources.
Publication 3322.

[9] Costel,C.D., Martin, L.B., Luca, J.,
Evelin, S.L.& Paul, M.W. 2004. Structural

characterization of fish egg vitelline envelope

proteins by mass spectrometry.Biochemistry.
43(23), 7459-7478.

[10] Dutta, H.M. &Datta-Mushi, J.S. 1996.
Fish Morphology.CRC press. pp. 128-129.
[11] Cotelli, F., Andranico, F., Brivio, M. &
Lamia, C.L. 1988. Structure and composition
of the fish egg chorion (Carassiusauratus).
Journal of Ultrastructure and Molecular
Structure Research. 99(1), 70-78.

[12] Fujita, T., Scott, A.P., Katsiadaki, L.,
Amano, H., Hong, L., Hiramatsu, N., Todo,
T. & Hara, A. 2009. Purification of multiple
precursors for egg chorion proteins in
Atlantic cod (Gadusmorhua).Zoological
Sciences. 26(12), 870-877.

[13] Green, D.P.L. 1997. Tree-dimentional
structure  of  zonapellucida.Review  of
Reproduction. 2, 147-156.

[14] Guraya, S.S. 1986. The cell and
molecular biology of fish
oogenesis.Kargerpublishers. pp. 75-82.

[15] Heidari, B., Shabanipour, N., Savari, A.,
Yavari, V. &Hossayni, N. 2009. The oocyte
development of Kutum, Rutilusfrisiikutum,
K. with special emphasis on the zonaradiata
structure.Animal  Reproduction. 6(3), 465-
472.

[16] Hurley, D.A.& Fisher, K.C. 1966. The
structure and development of the external

membrane in young eggs of the brook trout,

1JBPAS, September, 2015, 4(9), Special Issue

324



Ali Moghaddam et al

Research Article

salvelinusfontinalis (Mitchill).Canadian
Journal of Zoology. 44, 173-190.

[17] Huysentruyt, F. &Adriaens, D. 2005.
Adhesive

Corydorasaeneus (Gill, 1858;

structures in the eggs of

Callichthyidae).Journal of Fish Biology. 66,
871-876.

[18] lwamatsu, T. 1983. A new technique for
dechorionation and observations on the
development of the naked egg in
Oryziaslatipes.Journal  of
Zoology. 228, 83-89.

T. &Ohta, T. 1976.
Breakdown of the cortical alveoli of Medaka

experimental
[19] Iwamatsu,
(Oryziaslatipes) eggs at the time of
fertilization with a particular reference to the
possible role of spherical bodies in the
alveoli.Wilhelm'sRoux's Archives. 180, 297-
309.

[20] Kaviani, E.F.,, Shabanipour, N.
&Mirnategh, S.B. 2013. Light and electron
microscope  structural study of the
zonaradiata in the oocytes of zebrafish
(Daniorerio).Microscopy  (Tokyo). 62(3),
377-381.

[21] Kirkagac, M.U. 2011. The status of
grass carp (Ctenopharyngodonidella,
Valenciennes 1844) in  Turkey.Ankara
UniversitesiVeterinerFakiltesiDergisi. 58,

217-221.

[22] Koc, N.D. 2010. A study on
ultrastructure of zonaradiata during oocyte
development of zebra fish
(Daniorerio).Journal of Fisheries sciences.
4(2), 144-151.

[23] La Mesa, M., Caputo, V. & Eastman,
JT. 2007.

dragonfishesAkarotaxisnudiceps and

Gametogenesis  in  the

Bathydracomarri (Pisces, Notothenioidei:
Bathydraconidae) from the Ross Sea.
Antarctic Science. 19, 64-70.
[24] Li, Y.H. 2000.

ultrastructural studies of the zonaradiata of

Comparative
marine  fish in  three genera in
perciformes.Journal of fish Biology. 56, 615-
621.

[25] Mansour, N., Lahnsteiner, F. &Patzner,
R.A. 2009. Physiological and biochemical
investigations on egg stickiness in common
carp. Animal Reproduction Science.114(1-3),
256-268.

[26] McMillan, D. B. 2007. Fish histology;
female
TheNetherlands. pp. 67-87.

[27] Murata, k. 1991. Spawning female-
specific

reproductive  systems.  Springer,

egg envelope glycoprotein-like
substances in Oryziaslatipes.Development,
Growth & Differentiation. 34, 545-551.

[28] Oppen-Berntsen, D.O., Olsen, S.O.,
Rong, C.J., Taranger, G.L., Swanson, P.&

Walther, B.T. 1994, Plasma levels of

1JBPAS, September, 2015, 4(9), Special Issue

325



Ali Moghaddam et al

Research Article

eggshell  zr-proteins, estradiol-17B, and
gonadotropins during an annual reproductive
cycle of Atlantic salmon (Salmosalar).
Journal of Experimental Zoology.268(1),59-
70.

[29] Riehl, R. &Patzner, R. A. 1998.
Minireview: The modes of egg attachment in
teleost fishes. Italian Journal of Zoology. 65
(1), 415 - 420.

[30] Rudiger, B. &Rudiger, R. 2002. Biology
and egg morphology of the Dalmatian
barbelgudgeonAulopygehuegeli, an
endangered endemic species in
Croatia.Environmental Biology of Fishes.63,
451-456.

[31] Shabanipour, N. &Heidari, B. 2004. A
histological study of the zonaradiata during
late oocyte developmental stages in the
Caspian seaMugilid (Liza aurata). Brazilian
Journal of Morphological Sciences. 21(4),
191-195.

[32] Shabanipour, N. &Hossayni, S. N. 2010.
Histological and ultrastructural study of
zonaradiata in oocytes of common carp,
Cyprinuscarpio (Linnaeus, 1758).Micron.
41(7), 877-881.

[33] Singh, K.D. & Devi, W.M. 2012.
Ultrastructure study of egg membrane in
OsteobramabelangeriVal. Journal of
Agriculture and Veterinary Science. 1(4), 49-

o1.

[34] Zelazowska, M. 2010. Formation and
structure of egg envelopes in Russian
sturgeon, Acipensergueldenstaedtii
(Acipenseriformes: Acipenseridae). Journal

of Fish Biology. 76, 694-706.

1JBPAS, September, 2015, 4(9), Special Issue

326



