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Ultrastructural features of the follicular wall in
developing follicles of the sexually immature
ostrich (Struthio camelus)
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ABSTRACT

MADEKUROZWA, M-C. & KIMARO, W.H. 2006. Ultrastructural features of the follicular wall in devel-
oping follicles of the sexually immature ostrich (Struthio camelus). Onderstepoort Journal of Veterinary
Research, 73:199-195

The ultrastructure of the follicular wall in primordial, previtellogenic and vitellogenic follicles of the
sexually immature ostrich is described in the present study. The follicular wall consists of a zona ra-
diata, granulosa cell layer, basal lamina and thecal layer. Cytoplasmic processes from the plasma
membranes of the granulosa cell layer and the ovocyte form the zona radiata in previtellogenic and
vitellogenic follicles. The granulosa cell layer transforms from simple cuboidal epithelium in primordial
follicles to simple columnar or pseudostratified columnar epithelium in previtellogenic and vitellogenic
follicles. Transosomes were observed along the apical and lateral plasma membranes of granulosa
cells. The thecal layer in previtellogenic and vitellogenic follicles consists of interna and externa com-
ponents. The fibroblasts in the theca externa contain microfilaments, which are thought to be actin
filaments.

The study revealed ultrastructural features, which are associated with the transportation of yolk pre-
cursors and nutrients into the ovoplasm. In addition, the study indicates that, although the cells in the
theca externa contain microfilaments, they do not possess the ultrastructural characteristics of smooth

muscle cells.

Keywords: Electron microscopy, follicles, ostrich, ovary, ultrastructure

INTRODUCTION

The ultrastructure of the wall of avian ovarian folli-
cles has been extensively studied in the domestic
fowl (Bellairs 1965; Wyburn, Aitken & Johnson 1965a;
Wyburn, Johnson & Aitken 1965b; Dahl 1971; Roth-
well & Solomon 1977; Perry, Gilbert & Evans 1978a,
b; Yoshimura & Koga 1982 ), the domestic goose
(Kovacs, Forgo & Peczely 1992) and the Japanese
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quail (Ito, Kihara, Nakamura, Yonezawa & Yoshizaki
2003). These studies have highlighted marked de-
velopmental changes in the ultrastructure of the zona
radiata, perivitelline, granulosa and thecal compo-
nents of the follicular wall.

The precocious development of the ovary and ovi-
duct in the sexually immature ostrich has been de-
scribed (Madekurozwa 2002a, b, 2004, 2005). A
more recent histological and immunohistochemical
study demonstrated the presence of primordial, pre-
vitellogenic and vitellogenic developing follicles in
the active ovary of the sexually immature ostrich
(Madekurozwa & Kimaro in press). Primordial folli-
cles are composed of an oocyte surrounded by a
layer of flat granulosa cells. The granulosa cells are
enclosed in a single layer of squamous thecal cells.
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A simple columnar or pseudostratified columnar
granulosa cell layer surrounds the oocyte in previtel-
logenic follicles. The thecal layer in previtellogenic
follicles is undifferentiated. Yolk accumulation is evi-
dent in the oocytes of vitellogenic follicles. A simple
cuboidal cell layer surrounds the oocyte of these folli-
cles. The thecal layer of vitellogenic follicles is clearly
differentiated into theca interna and theca externa.

There is currently a paucity of information on the mor-
phology of ovarian follicles in the sexually immature
ostrich. Thus, the present study was undertaken to
investigate the ultrastructure of ovarian follicles in
this species. The results of this study complement
the findings of the histological and immunohisto-
chemical study carried out recently (Madekurozwa
& Kimaro in press).

MATERIALS AND METHODS

A total of 26 sexually immature female ostriches were
used in the present study. The birds, which origi-
nated from commercial farms, were aged between
12 and 14 months, and weighed 90-100 kg. At a
commercial abattoir the ostriches were electrically
stunned and exsanguinated. Ovarian tissue was im-
mersion-fixed in 2.5 % glutaraldehyde in 0.1 M caco-
dylate buffer. Thereafter, the tissue samples were
post-fixed in osmium tetroxide, dehydrated and em-
bedded in epoxy resin. Ultrathin sections were
stained with lead citrate and uranyl acetate. The
samples were viewed with a Philips CMIO transmis-
sion electron microscope.

RESULTS

The ovary contained primordial, previtellogenic and
vitellogenic follicles. The follicular wall enclosing the
ovocyte was composed of four layers: the zona radi-
ata; granulosa cell layer; basal lamina and thecal
layer (theca interna and theca externa).

Zona radiata

The zona radiata is the region in which cytoplasmic
processes from the granulosa cells and the ovocyte
interdigitate. In primordial follicles the zona radiata
was poorly developed (Fig. 1). In previtellogenic
and vitellogenic follicles the zona radiata consisted
of long, interdigitating cytoplasmic processes (Fig.
2). Interestingly, not all the granulosa cells exhibited
cytoplasmic processes. In addition, in some cells
only the peripheral regions of the apical membrane
displayed cytoplasmic processes (Fig. 3).
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FIG. 1 A simple cuboidal granulosa cell in a primordial follicle.
The relatively smooth apical plasma membrane displays a
few transosomes (arrows). Note the presence of a vesi-
cle (arrowhead) below the evaginating transosome. N:
nucleus. O: ovocyte

Inset: A multivesicular body (arrowhead) in the granu-

losa cell of a primordial follicle

FIG. 2 Part of the follicular wall and ovocyte (O) of a previtello-
genic follicle. Cytoplasmic processes from granulosa
cells and the ovocyte form the zona radiata (Z). The
granulosa cell layer (G) is composed of a simple colum-
nar epithelium. B: basal lamina

Perivitelline layer

The perivitelline layer is an amorphous substance
located between the cytoplasmic processes forming
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FIG. 3 Apical portion of a granulosa cell. Note the peripheral lo-
calization of the zona radiata (Z). The sub-apical cyto-
plasm contains numerous vesicles (V) and electron dense
bodies (arrowhead). Desmosomes (arrows) attach the
granulosa cell plasma membrane to the oolemma. O: ovo-
cyte. G: granulosa cells

the zona radiata. None of the follicles studied in the
present investigation exhibited a perivitelline layer.

Granulosa cell layer

A simple cuboidal granulosa cell layer surrounded
the ovocyte in primordial follicles (Fig. 1). In previtel-
logenic and vitellogenic follicles, the granulosa cell
layer was composed of either a simple columnar or
a pseudostratified columnar epithelium (Fig. 2). Gran-
ulosa cells in primordial follicles were characterized
by the presence of an ovoid, heterochromatic nu-
cleus, with a prominent nucleolus (Fig. 1). The spher-
ical nucleus observed in previtellogenic and vitello-
genic cells was either centrally or apically-located

(Fig. 2).

The cytoplasm in primordial follicles contained rela-
tively few organelles, which included mitochondria,
rough endoplasmic reticulum (RER) cisterns, elec-
tron dense bodies, transosomes and multivesicular
bodies (Fig. 1). In addition, a dense network of micro-
filaments was observed in the cytoplasm. The sub-
apical cytoplasm in previtellogenic and vitellogenic
follicles contained numerous mitochondria, electron
dense bodies and vesicles (Fig. 3 and 4). Some of
the electron dense bodies contained membranes,
which appeared to be remnants of transosomes (Fig.
4). Large amounts of RER and numerous vacuoles
were also a typical feature of the granulosa cells in
previtellogenic and vitellogenic follicles. In addition,
occasional lipid droplets were observed in these
cells.

FIG. 4 Supranuclear cytoplasm of a granulosa cell in a previtello-
genic follicle. The apical plasma membrane exhibits trans-
osomes (arrow). Electron dense bodies (arrowheads) with-
in the granulosa cell contain transosomes. O: ovocyte

FIG. 5 The transosomes formed from the apical plasma mem-
brane are composed of inner (a), middle (b) and outer (c)
membranes. Granules (G) line the inner membrane. Elec-
tron lucent (L) areas occur between the inner and middle
membranes, as well as between the middle and outer
membranes

In all follicles desmosomes attached the apical plas-
ma membrane of the granulosa cells to the ovocyte
plasmalemma (Fig. 3). Transosomes were observed
along the apical and lateral plasma membranes of
the granulosa cells. Transosomes along the apical
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FIG. 8 Portion of a vitellogenic follicle. Fibrocytes (arrows) with

FIG. 6 Transosomes formed along the lateral plasma mem- elongated, heterochromatic nuclei form the theca inter-
branes of the granulosa cells are composed of a single na. Theca externa contains fibroblasts (arrowheads) and
electron dense membrane lined with granules (arrow- interstitial endocrine cells (T) separated by dense accu-
head). Arrows: desmosomes. N: nucleus mulations of collagen fibres (asterisks). B: blood vessel

FIG. 9 Photomicrograph of the theca externa showing fibroblasts
with elongated nuclei (N). The cytoplasm contains long

FIG. 7 Ahomogeneous basal lamina (B) separates the granulo- cisterns of RER (arrows) and microfilaments (M). C: colla-
sa cells (G) from the thecal fibrocytes (T) gen fibres

plasma membrane were most numerous in areas of the granulosa cell plasma membrane evaginated.
devoid of cytoplasmic processes. In the early stages  Directly below the evaginating apical membranes
of transosome formation a focal, electron dense area  were vesicles with electron dense membranes (Fig.
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Desmosomes (arrow) connected some of the fibroblasts
in the thecal layer

1). Upon release into the ovoplasm, the transosomes
consisted of three electron dense layers, with the
inner and middle, as well as the middle and outer
layers separated by electron lucent areas. Electron
dense granules lined the inner layer of the transo-
some (Fig. 5). Transosomes, which formed along
the lateral plasma membranes, were composed of a
single electron dense membrane lined with gran-
ules (Fig. 6).

Basal lamina

The granulosa cell layer and thecal layer were sep-
arated by a homogeneous basal lamina, which was
approximately 1 um thick. The boundary between
the basal lamina and the cells of the thecal layer
was not well defined (Fig. 7).

Thecal layer

The thecal layer in primordial follicles consisted of
two to three layers of fibrocytes. In previtellogenic
and vitellogenic follicles the thecal interna was com-
posed of fibrocytes with elongated, heterochromatic
nuclei (Fig. 8). The cytoplasm contained mitochon-
dria, RER profiles and a few lipid droplets. The fibro-
blasts in the theca externa of previtellogenic and
vitellogenic follicles contained elongated, euchro-
matic nuclei. These fibroblasts were characterized
by the presence of long, parallel profiles of RER.

In addition, the peripheral regions of the cytoplasm
contained numerous microfilaments (Fig. 9). Colla-
gen fibres separated the layers of fibroblasts within
the theca externa. Fibroblasts within the same layer
were commonly connected by desmosomes (Fig.
10). Several blood vessels, nerves and interstitial
endocrine cells were observed in the thecal layer.

DISCUSSION

Based on the structure of the follicular wall it is evi-
dent that its primary function is the transportation of
yolk precursors to the ovocyte. The transfer of yolk
precursors from the granulosa cell layer to the ovo-
cyte is aided by the presence of the zona radiata
and transosomes.

The zona radiata is composed of long Interdigitating
cytoplasmic processes, which effectively increase
the surface area available for nutrient transfer. This
is supported by research carried out on the domes-
tic fowl in which it was shown that the zona radiata
was most prominent during the period of rapid yolk
deposition (Rothwell & Solomon 1977). In the cur-
rent study, the zona radiata in the primordial follicles
was poorly developed, implying that at this stage of
development there is a limited movement of yolk pre-
cursors into the ovoplasm. Conversely, the long cyto-
plasmic processes forming the zona radiata in pre-
vitellogenic and vitellogenic follicles suggested that
the transfer and formation of yolk material was active
in these follicles. The observation in the current study
of an unevenly distributed zona radiata in previtello-
genic and vitellogenic follicles is unusual, as research
conducted in the domestic fowl (Wyburn et al. 1965a;
Wyburn, Johnson & Aitken 1966; Rothwell & Solo-
mon 1977; Perry et al. 1978a), domestic goose (Ko-
vacs et al. 1992) and dove (Zarnescu 2004) has
demonstrated the presence of an evenly distributed
zona radiata in previtellogenic and vitellogenic folli-
cles. Ultrastructural studies will need to be conduct-
ed on the follicles in sexually mature ostriches to
determine whether the uneven distribution of the
zona radiata is peculiar to this species.

Avian ovarian follicles contain membranous or-
ganelles known as transosomes which are involved
in the transportation of the yolk precursors vitello-
genin into the ovocyte (Ito et al. 2003). Transosomes
are also known as unique organelles (Schjeide,
Munn, McCandless & Edwards 1966), terminal mem-
branes (Wyburn et al. 1965b), coated vesicles (Perry
et al. 1978a) and lining bodies (Bellairs 1965; 1967;
Greenfield 1966; Paulson & Rosenberg 1974; lto et
al. 2003; Zarnescu 2004). Based on the observation
that transosomes also form between adjacent gran-
ulosa cells it is probable that these organelles are
responsible for the transfer of nutrients between cells.
As is the case in the domestic fowl (Bellairs 1965;
Wyburn et al. 1965b; Schjeide, Hanzely, Holshouser
& Briles 1974; Rothwell & Solomon 1977) and the
domestic goose (Kovacs et al. 1992), transosomes
in the sexually immature ostrich were present in all
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follicular sizes. In the present study, transosomes
formed in areas of the apical granulosa cell, which
were devoid of cytoplasmic processes. In contrast,
transosomes in the domestic goose (Kovacs et al.
1992) and the Japanese qualil (Ito et al. 2003) form
at the tips of granulosa cell cytoplasmic processes.
The morphology of transosomes in the ovarian fol-
licles of the sexually immature ostrich was similar to
that described in the domestic fowl (Wyburn et al.
1965b; Schjeide et al. 1966, 1974; Schjeide, Kan-
cheva, Hanzely & Briles 1975), the domestic goose
(Kovacs et al. 1992) and the dove (Zarnescu 2004).
The inner membrane of the transosome was lined
by granules, which have been described as being
“ribosome-like” (Kovacs et al. 1992; Paulson & Ro-
senberg 1974; Zarnescu 2004). However, Bellairs
(1965) has stated that the granules are much larger
than ribosomes. Thus, the exact composition of the
granules lining the inner membrane of transosomes
is still unknown. The outermost layer of the transo-
some is derived from the ovocyte plasmalemma. It is
unclear whether the middle layer of the transosome
originates from the ovocyte plasmalemma or from
the plasma membrane of the granulosa cell.

It is known that the basal lamina plays an important
role in the movement of yolk precursors from capil-
laries in the thecal layer to the granulosa cell layer.
Callebaut (1990) has reported the presence of yolk
precursors and lipid droplets in the basal lamina of
preovulatory follicles in the Japanese quail. It was
thought that the yolk precursors were en route from
the thecal capillaries to the granulosa cell layer.
Although a close association between the fibrocytes
in the thecal layer and the basal lamina was noted,
no lipid droplets were observed in the basal lamina
of the sexually immature ostrich.

The thecal layer contains numerous capillaries,
which act as a final conduit of yolk precursors from
the liver. In addition to its role in nutrient transporta-
tion, the externa component of the thecal layer prob-
ably plays a role in the ovulation process of the ma-
ture follicle. Controversy surrounds the cells forming
the theca externa. Researchers have described the
cells in the theca externa as being “fibroblast-like”
(Perry et al. 1978a; Zarnescu 2004) or “smooth
muscle-like” (Van Nassauw, Callebaut, Harrisson &
Scheuermann 1992). Contrary to the observations
made in the Japanese quail (Van Nassauw et al.
1992), the theca externa cells in the sexually imma-
ture ostrich did not display any ultrastructural fea-
tures typical of smooth muscle cells. The findings of
our previous study have shown that the cells in the
theca externa are immunohistochemically distinct
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from the cells in the theca interna and stroma (Made-
kurozwa & Kimaro, in press). The theca externa
showed strong smooth muscle actin immunoreac-
tivity, whereas the fibroblasts in the stroma were im-
munonegative for smooth muscle actin. Very few
cells in the theca interna showed smooth muscle
actin immunoreactivity. Based on these findings it is
probable that the dense meshwork of microfilaments
observed in the present study were actin microfila-
ments. Perry et al. (1978a) have suggested that the
fibroblasts in the thecal layer have contractile abili-
ties, which enable them to play a role in the rupture
of the follicular wall during ovulation.

In conclusion, the results of the present study have
shown that the ultrastructure of developing follicles
in the sexually immature ostrich is similar, but not
identical to that of other avian species. The absence
of the perivitelline layer in the ovarian follicles of the
sexually immature ostrich is a notable difference.
The amorphous material forming the perivitelline
layer has been shown to be vitellogenin (lto et al.
2003). Thus, the absence of the perivitelline layer in
the sexually immature ostrich suggests that the
transfer of vitellogenin from the granulosa cells into
the ovocyte is very low at this stage of development.
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