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Abstract 
In the present research, modification of the zona radiata (ZR) around the molly (Poecilia sphenops, 

Valencinnes 1846) and bighead carp (Hypophthalmichthys nobilis, Richardson 1845) oocytes and in the 

zygotes were studied for pre- and post-fertilization stages and its relationship with the reproductive 

strategy. Light and scanning electron microscopic studies on the histological sections of ovary in 

viviparous molly and oocytes of the oviparous bighead carp showed that in post-vitellogenic (mature) 

oocytes, the traces of pore-canal system (organization) of the ZR were seen and after fertilization, the zona 

radiata of both species gained further simplicity and reduced in thickness, that could show a change in its 

role from nutritional type to protectoral one particularly in bighead carp. Obvious difference in thickness, 

architecture and number of pore-canals was seen among the ZR of the pre- and post-fertilized eggs of two 

species. It appeared that in both pre- and post-fertilization stages, the ZR of the molly eggs was simpler and 

thinner when compared to other fish eggs. The result was logical, because of reproductive manner of these 

fishes. Bighead carp spawns in fast waters and ZR protects its eggs from large mechanical pressure, but 

molly is viviparous and its eggs do not undergo large mechanical pressure. 
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1. Introduction 

Zona radiata (ZR) or otherwise called zona pellucida 

(Green, 1997), chorion (Fujita et al., 2009), eggshell 

(Oppen-Bernsten et al., 1999), egg membrane (Singh 

and Devi, 2012), egg envelope (Berois et al., 2011), 

vitelline membrane or envelope (Costel et al., 2004; 

Zelazowska, 2010), is an acellular area appearing 

between oocyte plasma membrane (oolemm a) and 

follicular envelope (Anderson, 1967). The ZR 

changes gradually during ovarian developmental 

stages under the effects of both oocyte and follicular 

cells (McMillan, 2007). 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 

(Zelazowska, 2010). For the developing embryo, the 

ZR enables gas exchange, excretion and transport of 
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nutrients from the external environment (Rudiger 

and Rudiger, 2002; Zelazowska, 2010). The ZR was 

suggested as a possible biomonitor for ecological 

contaminants (Berois et al., 2011) and biomarker for 

environmental estrogens (Arukwe et al., 1997).  

There are many conflicts about the number of layers 

of the ZR. Some researchers believe that the ZR in all 

species of the bony fishes are consisted of two layers, 

the thin zona radiata externa (ZRe) and the thicker zona 

radiata interna (ZRi) (Riehl and Patzner, 1998). In 

seahorse (Hippocampus erectus), pipefish (Syngnathus 

fuscus) (Anderson, 1967) and Serrasalmus spilopleura, 

the ZR has three layers named Z1 (the oldest layer), Z2 

(middle layer) and Z3 (the youngest layer), from outer 

to inner side, respectively. Cherr and Clark (1982) 

demonstrated that the egg envelope of the white 

sturgeon (Acipenser transmontanus) was consisted of 

four layers, L1-L4 including the outermost jelly layer. 

On the other hand, some researchers do not account L4 

(jelly layer) as a layer of the ZR, because it is not 

secreted before the activation of eggs (Conte et al., 

1988). In some bony fish species such as the 

viviparous fishes, for example, Xiphophorous helleri 

(McMillan, 2007), the ZR is simple and non-layered. 

Shabanipour and Heidari (2004) also Heidari and 

coworkers (2009), have respectively reported the ZR 

of the Caspian sea Mugilid (Liza aurata) and kutum 

(Rutilus frisii kutum) as a monolayer structure. 

Comparative ultrastructural studies of the ZR of 

marine fish eggs in three genera (four species) of 

Perciformes by Li et al. (2000) 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 the ultrastructure of the ZR in the common 

carp (Cyprinus carpio), Shabanipour and Hossayni 

(2010) also established information on density, size 

and connection of pores on both outer and inner 

surfaces of the ZR. 

For the present study, two very different fish - the 

viviparous fish, molly (Poecilia sphenops, Valencieness 

1846) and the oviparous fish, bighead carp 

(Hypophthalmichthys nobilis, Richardson 1845 that 

formerly has been named Aristichthys nobilis (Kolar 

and Champman, 2005), were selected and the ZR of 

mature oocytes and its post-fertilization modifications 

were evaluated. The selected species belong to separate 

family and genera and differ from each other in various 

aspects of biology such as feeding habits, living 

environment and breeding strategies. Because of 

different level of systematic position and breeding 

strategy, difference in fine structure of the ZR would be 

expected particularly at pre- and post- fertilization 

stages of egg development. 

2. Materials and Methods 

2.1. Sample Collection 

Mature oocytes and fertilized eggs of the bighead 

carp were obtained from local private fish farm. 3.5 

to 4 month mature mollies also purchased and the 

single ovary separated. For the study of the molly 

zygotes, male and female mature mollies were placed 

in one aquarium and after mating, the fertilized 

ovaries were separated. 

2.2. 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 µm thickness by rotary 

microtome (Leitz. WETZLAR, Germany). Sections 

were stained by hematoxylin and eosin stains and 

mounted permanently. The chemicals and paraffin 

pellets were manufactured by Merck of Germany. 

2.3. Microscopy  

Tissue sections were studied under light microscope 
(Nikon, ALPHAPHOT/YS, Japan), photomicrographs 
provided and evaluated by TSView camera and 



software. To
stained prep
paraffin sec
sectioned ov
1cm×1cm 
deparaffiniz
several time
at the Univ
were mount
1430VP SE
made by LE

3. Results 

3.1. Pre-fert

In post
thickness, c
were appar
(Figs.1a to 
molly were
granules jo
(Figures. 1
striations) a
in both spe
the outer su
uniformly, l
the pores on
a specific ar
peripheral o
large vesic
vicinity of t

3.2. Post-fer

Thicknes
in both fish
bighead car
respectively
seen in inne
but almost d
zygotes and
The ZR se
structure ap
(Figure. 2).

o exploit the
pared slides

ction was sel
vary tissue o

cover slip
zed by xylene
es (Kaviani et
ersity of Mo
ted on stubs, 
EM (German

EO serv-32 so

tilization Fea

t-vitellogenic
complexity 
ently differe
e) (average t

e 6.5 and 1
ined each o
a and d). C

and microvill
ecies had a p
urface of the 
larger in num
n the inner su
rrangement) 
ooplasm in b
cles and co
the ZR (Figu

rtilization Fe

ss of the ZR 
hes (the ave
rp and mol

y), (Figure. 
er side of the
disappeared 

d whole ZR c
eemed as a
pproximately
. In bighead

J

e details of t
, a single 

lected out of 
r oocyte and

p. The sec
e and cleared 
t al., 2013). I
ohaghegh Ar

gold coated,
ny) and me

oftware. 

atures 

c (mature)
and archite

ent between 
thickness in 
 micron res

other resultin
Canals in th
li were not o
porous featu
ZR were rou

mber and sm
urface (the la
(Figures. 1b

bighead carp
rtical alveo

ures. 1a to c).

eatures 

and number
erage thickne
lly reached 
2). A few l
e ZR of bigh
in outer side

covering the 
a compact 
y similar to
d carp, the Z

Journal of the

tissue structu
desired unst

f a known se
d glued on a 
ction was 
by 90% met
n the SEM C
dabili, cover
, scanned by 
easurements 

) oocytes, 
cture of the
two fish sp
bighead carp

spectively). 
ng in yolk p
e ZR (fence
observed. Th
ure. The pore
und and scat

maller in size
atter did not 
b, c and e). I
, mature ooc
li were see
 

r of pores red
ess of the Z
1.5 and 0.1
large pores 
head carp zy
e of bighead
zygotes of m
and homog

o its initial 
ZR was elev

e Persian Gulf

59 

ure in 
tained 
erially 
small 
then 

thanol 
Center 
r slips 

LEO 
were 

the 
e ZR 
pecies 
p and 
Yolk 

plates 
e-like 
he ZR 
es on 
ttered 
e than 
show 

In the 
cytes, 
en in 

duced 
ZR in 
15 µ, 
were 

ygotes 
d carp 
molly. 
genate 

form 
vated 

w
fo
st
o
w
(F

Fi
of
m
m
po
Z
of
oo
ep

Fi
th
m
la
si
zy
di
pe
pr
ra
O
w
ep

f (Marine Scie

with a distanc
ormed wide 
tage, the mod
r membrane"

were produced
Figures. 2a an

ig. 1: Post-vitello
f the bighead 

micrographs of t
molly; the thickn
ores of the ZR w
R: zona radiata,
f the ZR, P: po
oplasm, CA: c
pithelium), B: ba

ig. 2: Fertilized 
he bighead carp,

micrographs of t
arge pores were 
ide of the ZR of
ygotes of molly
istance from t
erivitelline spac
roduced in the 
adiata, Ex: extern

O: ooplasm of t
wrinkle, PvS: pe
pithelium), B: ba

ence)/Vol. 5/N

ce from thic
perivitelline 

dified ZR is c
". Large eva
d in the ZR g
nd d). 

ogenic (mature) 
carp and mol

the bighead car
ness, complexit
were apparently 

Ex: external su
ore on the open
cortical alveoli,
asal lamina, T: th

oocytes - zygot
, d- photomicrog
the bighead car
seen in inner si

f bighead carp z
y. In bighead c
thickened oole
ce. Large evag

ZR giving it 
nal surface of th
the zygote, P: p
erivitelline spac
asal lamina, T: th

No. 18/Decemb

ckened oolem
space (Figu

called "fertili
aginations alo
giving it wrin

oocytes; a and d
lly, respectively
rp and e- SEM
ty, architecture 

y different betwe
urface of the ZR
ning of canal, Y
, GC: granulo
heca cells. 

tes -, a and b- p
graph of  the m
rp and molly, r
ide but almost d
zygotes and who
carp, the ZR w
emma region 
ginations along 
a wrinkled app

he ZR, In: interna
pore in the op
ce, GC: granulo
heca layer. 

ber 2014/6/57

mma region 
ure. 2a). In 
ization envel
ong cell mar

nkled appeara

d- photomicrogra
y; b and c- S

M micrograph of
and distribution

een two fish spe
R, In: internal sur
YP: yolk plates

osa cells (follic

photomicrograph
molly; c and e- S
respectively. A 
disappeared in o
ole ZR covering

was elevated wi
and formed w
cell margin w

pearance. ZR: z
al surface of the 
ening of canal,
osa cells (follic

7-62   

and 
this 
ope 
rgin 
ance 

 
aphs 
SEM 
f the 
n of 
cies. 
rface 
s, O: 
cular 

 
hs of 
SEM 

few 
outer 
g the 
ith a 
wide 
were 
zona 
 ZR, 
, W: 
cular 



Moghaddam et al / Comparative study on the structure of zona radiata in pre-and post- fertilized…  

60 

4. Discussion 

As mentioned in the first part of the results for pre-

fertilization features of oocytes, in post-vitellogenic 

(mature) oocytes, the ZR had quite simple architecture 

and complexity (Figures. 1a to e). Fence-like striations, 

passage ways or canals were not seen. At this stage, the 

ZR seemed porous. These pores are the traces of pore-

canal organization or system. The main function of this 

system is the transport of substances from the blood to 

the oocyte for yolk synthesis, during vitellogenesis 

(McMillan, 2007), but why the traces of this 

organization exist in mature oocytes and fertilized 

eggs, is that maturation and hatching have been 

denoted as very complex processes that need active 

transport of raw materials (Celius and Walther, 1998). 

In both fishes - bighead carp and molly – the irregular 

arranged pores on the inner surface of the ZR were 

fewer and larger than the uniformly scattered pores on 

the outer surface (Figs. 1b, c and e), but how this 

inequality in number, size and arrangment of the pores 

act in transportation of materials, is yet unknown. This 

property may demonstrate a type of selective transport 

(McMillan, 2007). Simplification of the pore-canal 

system at this stage may exhibit the reduction of 

nutritional and increment of protective role of the ZR 

(particularly bighead carp) and confirms the findings 

of Hurley and Fisher (1966) which demonstrated that 

when the rainbow trout eggs maturated, the number of 

pore-canals reduced, because of their occlusion. 

As demonstrated above, the ZR of bighead carp eggs 

were very thicker than the ZR of molly eggs (Figures. 1 

and 2).  This difference is believed to be related to the 

reproductive strategy of these fishes. Molly is a 

viviparous (Roopavathy et al., 2011), but bighead carp 

is an oviparous fish. This carp lives and spawns in fast 

waters, its eggs are pelagic (Schoonbee and Prinsloo, 

1984) and provide a wide perivitelline space and large 

evaginations in the ZR along cell margin (Fig. 2a). It 

might be argued that the thick and wrinckled ZR would 

protect the eggs from the high mechanical pressure 

(force) of the external environment (Esmaeili and Johal, 

2005; Patzner, 2008). It is apparent that wide 

perivitelline space would provide the buoyancy of eggs 

(Riehl, 1996).  

In fertilized eggs, the thickness and structural 

complexity of the ZR reduced obviously (Figs. 2a to 

e). The porous feature of the ZR was approximately 

lost and the ZR changed to a nearly homogenate and 

elevated region (Figures. 2a to e). In bighead carp, 

perivitelline space became wider and oolemma region 

showed to be thicker (Figure. 2a). It seems that these 

changes are the result of cortical reaction, i.e., at the 

time of fertilization, cortical alveoli (Figures. 1a to c) 

attach to the oolemma and exit their contents into 

perivitelline space by exocytosis and change the 

structure of the ZR (Iwamatsu and Ohta, 1976; 

Guraya, 1986).  

Thus, this area is elevated and transformed to the 

fertilization envelope or membrane. The 

histochemical composition of the cortical alveolus, 

which also varies among species, is made up of 

glycoprotein and/or glycoconjugate (Bazzoli and 

Godinho, 1994). Transformation of the ZR by the 

alveolin and transglutaminase with reduction in 

diameter closes the micropyle and blocks polyspermy 

(Murata et al., 1991). Iwamatsu (1983) showed that 

when oocytes were dechorionated (the ZR removed or 

separated) and massaged with sperms, polyspermy 

occured. 

We saw that differences in the ZR fine- and ultra-

structure, particularly architecture of pore-canal 

organizations between two species are remarkable. This 

is to be expected, because these two species belong to 

different families (Poeciliidae and Cyprinidae) and 

genera (Poecilia and Hypophthalmichthys), as 

comparative ultrastructural studies of the ZR of 

marine fish eggs in three genera (four species) in 

Perciformes revealed that the studied 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 (Li et al., 2000).  
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