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ABSTRACT

MADEKUROZWA, M-C. 2007. Ultrastructural features of the uterus in the sexually immature ostrich
(Struthio camelus) during periods of ovarian inactivity and activity. Onderstepoort Journal of Veterinary
Research, 74:209-216

The ultrastructure of the surface epithelium and tubular glands of the uterus in the immature ostrich is
described. In ostriches with inactive ovaries the uterus is lined by a non-ciliated simple columnar epi-
thelium, with basally located heterochromatic nuclei. Scanning electron microscopy revealed that
these non-ciliated cells have a dense microvillous cover. A simple columnar to pseudostratified colum-
nar epithelium, comprised of non-ciliated and ciliated cells, lines the uterus in birds with active ovaries.
The ciliated cells possess a wide luminal region, which contains a nucleus and various organelles. An
accumulation of secretory granules was observed in the apical regions of the non-ciliated cells, as
well as in a few ciliated cells. In addition to non-ciliated and ciliated cells, a cell type with rarefied cyto-
plasm was also identified. These cells appear to correspond to calcium secreting cells identified in
other avian species.

The results of this study indicate that, although uterine differentiation is present in immature ostriches
with active ovaries, the production of secretory product appears to occur mainly in non-ciliated epithe-

lial cells.
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INTRODUCTION

Although a low latitude inhabitant, the mature ostrich
(Struthio camelus) is a seasonal breeder, with repro-
ductive activity being influenced by photoperiod and
probably feed availability (Sauer 1972; Degen, Weil,
Rosenstrauch, Kam & Dawson 1994; Hicks-Alldredge
1998). Likewise, studies on the immature ostrich
have revealed a seasonality in the differentiation of
the reproductive systems of both male and female
birds (Madekurozwa 2002a, b, 2004, 2005; Madeku-
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rozwa, Chabvepi, Matema & Teerds 2002). In one
particular study changes in the morphology of the
uterine region of the oviduct were found in immature
ostriches having either active or inactive ovaries
(Madekurozwa 2004). However, despite the infor-
mation gained from this study, our knowledge of the
seasonal morphological changes in the uterus is in-
complete as there do not appear to have been any
ultrastructural studies carried out on this oviducal
region in the immature ostrich. In addition, it would
appear from the literature that ultrastructural investi-
gations of the uterus in avian species have concen-
trated on mature birds during the breeding season
(Breen & De Bruyn 1969; Wyburn, Johnston, Draper
& Davidson 1973; Bakst & Howarth 1974; Bakst
1978).
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In light of the paucity of ultrastructural information
on the uterus of immature birds, and of the imma-
ture ostrich in particular, the present study was un-
dertaken. The ultrastructural changes occurring in
the surface epithelium and tubular glands of the
uterus in the immature ostrich during ovarian inac-
tivity and activity are described.

MATERIALS AND METHODS

Forty sexually immature female ostriches aged be-
tween 12 and 14 months and weighing 90-100 kg,
were used. Twenty-five of the birds had active ova-
ries, which contained 10-25 small, predominantly
yellow-yolk follicles, with the diameters of the larg-
est follicles ranging from 11 to 19 mm. These birds
were sampled between September and December,
a period of increasing daylength in the southern
hemisphere. Fifteen ostriches with inactive ovaries
were collected from March to June, a period of de-
creasing daylength. The birds were killed at a com-
mercial abattoir, employing a standard slaughter
protocol.

Oviducts were collected 10-15 min after the birds
were killed.

For transmission and scanning electron microscopy
tissue samples from the major part of the uterus
were fixed by immersion in 3% glutaraldehyde buff-
ered in 0.067 M sodium cacodylate buffer (pH 7.2).
After fixation the tissue samples for transmission
electron microscopy were dehydrated through a
graded series of ethanol and embedded in an epoxy
resin. Semi-thin sections were stained with toluidine
blue, while ultra-thin sections were stained with ura-
nyl acetate and lead citrate. The samples were
viewed with a Philips CMIO transmission electron
microscope (FEI, Eindhoven, The Netherlands).

Tissue samples for scanning electron microscopy
were dehydrated through a graded series of ace-
tone and thereafter dried in a critical point dryer.
The tissues were then mounted on aluminium stubs
and coated with gold palladium before they were
viewed in a Philips XL20 scanning electron micro-
scope (FEI, Eindhoven, The Netherlands).

Additional samples for light microscopy were im-
mersion-fixed in Bouin’s fluid for 12 h. After fixation,
tissues were processed routinely for histology and
embedded in paraffin wax. The presence of acid and
neutral mucopolysaccharides was demonstrated
using a combined alcian blue-periodic acid Schiff
(PAS) technique (Mowry 1956).
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RESULTS
Immature ostriches with inactive ovaries

Scanning electron microscopy (SEM) revealed the
presence of a series of uniform undulating primary
mucosal folds, which were separated by deep crypts.
Non-ciliated, microvillous cells lined the surface of
the uterus in these birds (Fig. 1). The microvillous
cover was generally dense, although occasional
cells with only a few microvilli were also observed.

Transmission electron microscopy showed that the
non-ciliated cells formed a simple columnar epithe-
lium. The cells contained basally located, large het-
erochromatic nuclei. Most of the organelles, which
included mitochondria, electron dense bodies, rough
endoplasmic reticulum (RER) and ribosomes, were
located in the supranuclear area of the cell (Fig. 2).
The electron dense bodies varied in shape and het-
erogenicity. A series of junctional complexes linked
the apical regions of adjacent cells. In addition, the
lateral plasma membranes displayed simple fold-
ing, both apically and basally.

In birds with inactive ovaries the uterine epithelium
did not stain with alcian blue or PAS.

Immature ostriches with active ovaries

The mucosa of the uterus was thrown into thick la-
mellar primary folds, which still retained the arrange-
ment observed in birds with inactive ovaries. Deep
crypts indented the primary folds, resulting in the
formation of numerous secondary folds (Fig. 3). Cili-
ated and non-ciliated cells, with the former being
predominant, lined the mucosal folds. Tufts of cilia
completely covered adjacent non-ciliated cells in
most areas. However, in areas lined by only a few
ciliated cells, the non-ciliated cells and the openings
of tubular glands were clearly visible (Fig. 4). The
glandular openings were circumscribed by a raised
area, which possessed a few microvilli (Fig. 4).

Transmission electron microscopy revealed that in
birds with active ovaries a simple columnar to pseu-
dostratified columnar epithelium lined the uterus.
Non-ciliated cells formed the simple columnar epi-
thelium, while the pseudostratified epithelium con-
sisted of both non-ciliated and ciliated cells.

The ciliated cells exhibited well-developed, regularly
arranged cilia, which were intermingled with micro-
villi. The elongated or irregular shaped, euchromatic
nuclei, were located in the wide luminal regions of
the cells (Fig. 5). Several mitochondria, RER pro-
files, electron dense bodies and bundles of fibrils
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FIG. 1

FIG. 2

FIG. 3

FIG. 4

Scanning electron micrograph of non-cili-
ated microvillous cells in the uterus of an
immature ostrich with an inactive ovary.
Some cells (asterisk) have a sparse cover-
ing of microvilli

Transmission electron micrograph of the
non-ciliated simple columnar epithelium in
an immature ostrich with an inactive ovary.
Most of the organelles which include elec-
tron dense bodies (e) are concentrated in
the supranuclear cytoplasm. Junctional
complexes (arrows) and folding (arrow-
head) of the lateral plasma membranes
unite adjacent cells

Scanning electron micrograph of undulat-
ing mucosal folds in the uterus of an im-
mature ostrich with an active ovary. The
primary mucosal folds are further divided
into secondary folds (S) by crypts (arrows)

Scanning electron micrograph showing
non-ciliated (NC) and ciliated (CC) cells in
the uterus of an immature ostrich with an
active ovary. The mucosal surface is in-
dented with crypts (arrows) resulting in the
formation of secondary folds. In addition,
occasional tubular gland openings are ob-
served (arrowhead). Inset: Scanning elec-
tron micrograph of a tubular gland opening
(T) in the uterus of an immature ostrich
with an active ovary. The raised rim of the
tubular gland opening possesses a few
microvilli (arrows). C: tuft of cilia
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FIG.5 Survey transmission electron micrograph of the pseudostratified columnar epithelium lining the uterus
in an immature ostrich with an active ovary. Ciliated cells typically contain elongated or irregular
shaped nuclei (N). The apical plasma membrane exhibits cilia (arrows) and microvilli (arrowheads)

FIG.6 Transmission electron micrograph showing the occurrence of secretory granules (arrows) in ciliated
cells in the uterus of an immature ostrich with an active ovary

FIG.7  Survey transmission electron micrograph of the pseudostratified columnar epithelium lining the uterus
in an immature ostrich with an active ovary. Slender non-ciliated cells (NC) alternate with ciliated cells
(CC). The non-ciliated cells contain secretory granules (arrows). Vacuoles (arrowheads) occur either
in the middle or apical regions of the non-ciliated cells

FIG.8 Transmission electron micrograph of the pseudostratified columnar epithelium lining the uterus in an
immature ostrich with an active ovary. A few cells with electron lucent cytoplasm (C) and a basal accu-
mulation of mitochondria (M) occur in the surface epithelium

were identifiedinthe supranuclearcytoplasm. Secre-  In some areas slender non-ciliated cells were ob-
tory granules occurred in the supranuclear regions  served between the ciliated cells. The nuclei of the
of a few cells (Fig. 6). non-ciliated cells were elongated, heterochromatic
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and basally placed. Secretory granules were con-
centrated mainly in the apical regions of the cells
(Fig. 7). Other organelles and inclusions present in
the supranuclear cytoplasm included mitochondria,
profiles of RER and vesicles. Vacuoles containing
membranous profiles were observed in either the
middle or apical regions of the non-ciliated cells. In
both non-ciliated and ciliated cells folding of the lat-
eral plasma membrane, in the apical parts of the
cells, was present although not extensive. Well-
formed junctional complexes were observed api-
cally, as well as distally along the lateral plasma
membrane.

Occasional cells with rarefied cytoplasm were ob-
served in the epithelium. The location of these elec-
tron lucent cells varied, with cells being observed in
both the apical and basal regions of the epithelium.
The apical electron lucent cells had a wide luminal

FIG.9 Transmission electron micrograph of an

electron lucent cell located in the basal re-
gion of the epithelium. RER profiles (ar-
rows) are a prominent feature of these
cells. Arrowheads: basal lamina

FIG. 10 Survey transmission electron micrograph

of a tubular gland in the uterus of an im-
mature ostrich with an active ovary. G:
gland cells. L: lumen. Inset: The luminal
regions of the gland cells contain several
electron dense bodies (arrows) and accu-
mulations of vesicles (v). Intricate folding
(1) of the plasma membrane and junctional
complexes (arrowheads) unite adjacent
gland cells. L: lumen

region, which contained a round nucleus with periph-
eral clumps of heterochromatin. An accumulation of
mitochondria was observed in the narrow basal re-
gion of the cell (Fig. 8). A second type of electron
lucent cell was observed close to the basal lamina.
These cells contained irregular shaped heterochro-
matic nuclei. Profiles of RER, mitochondria and vac-
uoles were observed in the cytoplasm, which con-
tained relatively few organelles (Fig. 9). In addition
to the electron lucent cells, a few cells with con-
densed cytoplasm and heterochromatic, elongated
nuclei were also observed in the epithelium. Apically
placed electron dense bodies were the only recog-
nizable organelles in these cells.

Groups of pyramidal shaped cells, which displayed
numerous microvilli on their luminal surfaces, formed
the tubular glands (Fig. 10). The lumina of the glands
were devoid of secretory material. Heterochromatic
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nuclei, which were either round or elongated in
shape, were placed centrally or basally in the cells.
Distributed in the supranuclear cytoplasm were mi-
tochondria, vesicles, microfilaments and profiles of
RER. The presence of a few lipid droplets and elec-
tron dense bodies of various sizes was noted in
some cells. Well-developed junctional complexes
and folding of the lateral plasma membranes char-
acterized the apical regions of the gland cells (Fig.
10).

The majority of non-ciliated surface epithelium cells
stained strongly with alcian blue and PAS, indicat-
ing the presence of both acidic and neutral muco-
polysaccharides. Tubular gland cells and the major-
ity of ciliated cells were negative for both alcian blue
and PAS. Occasional ciliated cells displayed supra-
nuclear diastase-resistant PAS staining, which indi-
cated the presence of neutral mucopolysaccharides.

DISCUSSION

The present study has established that the uterus in
the immature ostrich undergoes ciliogenesis and
gland formation, which appear to be associated with
the presence of an active ovary. Although hormonal
studies on the immature ostrich have not been car-
ried out, based on the results of the present and
previous studies (Madekurozwa 2002a, b, 2004,
2005), it would appear that the ovarian follicles in
birds with active ovaries produce hormones in suf-
ficient quantities to stimulate oviducal differentia-
tion. These oviducal changes are most likely stimu-
lated by oestrogen, as it is known that in birds small
yellow-yolk follicles produce oestrogen whilst preo-
vulatory follicles secrete progesterone (Tilly, Kowal-
ski & Johnson 1991). Furthermore, research in both
birds (Wrenn 1971; Anderson & Hein 1976; Perche,
Laine, Pageaux, Laugier & Sandoz 1989) and mam-
mals (Sawyer, Olson & Gorell 1984; Verhage, Mavro-
gianis, Boice, Li & Fazleabas 1990; Abe & Oikawa
1993) has indicated that the stimulation of ciliogen-
esis and tubular gland development is primarily a
function of oestrogen.

As revealed by SEM, ciliogenesis in the uterus of
immature ostriches with active ovaries was patchy.
Similar observations were also made in the mag-
num of immature ostriches (Madekurozwa 2005).
To date there is no published information on the dis-
tribution of ciliated cells in the uterus of the mature
ostrich. As a result it is impossible to determine
whether the uneven distribution of ciliated cells ob-
served in the current study is a common observa-
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tion in the ostrich or if it is peculiar to immature os-
triches.

Transmission electron microscopic observations of
both non-ciliated and ciliated cells in the uterus of
the immature ostrich with an active ovary showed
that the morphology of these cells is similar to cells
in the uterus of the domestic fowl (Johnston, Aitken
& Wyburn 1963), Pekin duck (Balachandran, Bhat-
nagar & Geissinger 1985), Japanese quail (Yama-
moto, Ozawa & Nagai 1985) and mature ostrich
(Muwazi, Baranga, Kayanja & Schliemann 1982).
An interesting observation of the present study was
the occurrence of secretory granules in the majority
of non-ciliated cells, but only in a few ciliated cells.
Based on the alcian blue-PAS staining reaction, the
non-ciliated cells contained a mixture of acid and
neutral mucopolysaccharides, while ciliated cells
only demonstrated the latter mucopolysaccharide.
Although the exact nature of these mucopolysac-
charides in the immature ostrich is unknown, it is
known that non-ciliated cells in the uterus of the do-
mestic fowl produce the proteoglycan, ovoglycan,
which is a component of the eggshell matrix (Fer-
nandez, Moya, Lopez & Arias 2001). In addition, the
non-ciliated cells in the domestic fowl also produce
osteopontin, a matrix protein involved in the miner-
alization of the eggshell (Fernandez, Escobar, Lave-
lin, Pines & Arias 2003). The cuticle and shell pig-
ment are thought to be produced by both ciliated
and non-ciliated cells (Breen & De Bruyn 1969;
Baird, Solomon & Tedstone 1975).

In addition to typical non-ciliated and ciliated epithe-
lial cells, cells with either rarefied or condensed cyto-
plasm were also observed. Cells with rarefied cyto-
plasm have been identified in the uterine region of
the mature ostrich (Muwazi et al. 1982), as well as
in the domestic fowl (Ljungkvist 1967). Ljungkvist
(1967) identified the electron lucent cells as unicel-
lular calcium secreting glands. Further research by
Solomon, Fryer & Baird (1975) identified the surface
epithelium of the uterus as the primary site of calci-
um secretion, although the exact cells involved were
not demonstrated.

In addition to the electron lucent cells, a few cells
with condensed cytoplasm were observed in the
uterine epithelium of the immature ostrich. Based
on the morphological features displayed it is likely
that these cells were degenerating. To date no de-
tailed ultrastructural studies have been conducted
on the regression of the oviducal epithelium in birds.
Light microscopic studies conducted on the Jap-
anese quail (Eroschenko & Wilson 1974) and the
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pied myna (Gupta & Maiti 1987) indicate that large
sections of the oviducal epithelium slough off during
regression. Further ultrastructural studies need to
be carried out on immature ostriches with regres-
sive oviducts to ascertain the mode and stages of
involution in this species.

In addition to the surface epithelium, tubular glands
located in the lamina propria also make a significant
contribution to the secretions of the uterus. In this
study SEM revealed the presence of several tubular
gland openings in the uterus of birds with active ova-
ries. In the magnum of the immature ostrich the
glandular openings took the form of pores surround-
ed by non-ciliated cells (Madekurozwa 2005). The
raised rim, which surrounded the glandular open-
ings in the uterus of the immature ostrich, was not
observed in the magnal region. Although Bakst &
Howarth (1974) observed glandular openings in the
magnum of the domestic hen, no mention of these
structures was made in the description on the uter-
us. This might have been due to the presence of
numerous cilia, which effectively obscured the gland
openings.

The ultrastructural morphology of the tubular gland
cells in the uterus of the immature ostrich is similar
to that of the Japanese quail (Yamamoto et al. 1985)
and the domestic fowl (Breen & De Bruyn 1969). As
in the Japanese quail (Yamamoto et al. 1985) and
domestic fowl (Breen & De Bruyn 1969) the gland
cells in the immature ostrich were devoid of secre-
tory granules. Research conducted by Jande, Tolnai
& Lawson (1981) and Yamamoto et al. (1985) has
shown that gland cells are involved in the transpor-
tation of calcium, which is utilized in the calcification
of the eggshell. Furthermore, Wasserman, Smith,
Smith, Brindak, Fullmer, Krook, Penniston & Kumar
(1991) have localized a calcium pump in the micro-
villar plasma membrane of gland cells and the cal-
cium binding protein, calbindin-D,g,, in the cyto-
plasm of the gland cells. These findings suggest
that the tubular glands are the primary sites of cal-
cium secretion in the uterus. However, as mentioned
previously, cells in the surface epithelium are also
thought to play a role in calcium secretion (Ljungkvist
1967; Solomon et al. 1975).

In conclusion, the present ultrastructural study has
shown cellular differentiation in the form of ciliated
cells and tubular glands in the uterus of immature
ostriches with active ovaries. A significant finding is
the presence of secretory granules in most non-cili-
ated cells. However, the presence of secretory
granules in only a few of the ciliated cells indicates

that the secretory cells in the uterus of the immature
ostrich are not fully functional.
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