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CHAPTER ONE 

General introduction  

1.1 Overview and historical background  

 
Ostriches are the largest living birds, measuring up to 2.7m in height and 150 

kg in weight (Deeming, 1999). These birds are considered to be seasonal 

breeders. Reproductive activity seems to be synchronized photoperiodically in 

wild ostriches and normally coincides with increasing daylength (Hicks, 1992; 

Mellett, 1993). Ostriches prefer to live in open, short grass plains or semi-

desert areas avoiding places with long grass and dense woodland. Large 

populations of these birds are found in South and East Africa. 

 

In South Africa, ostrich farming started in the 1880s in the Cape Province 

where the birds were taken into captivity for the production of feathers for the 

fashion market (Deeming and Angel, 1996). This market encouraged the 

development of ostrich farming in other regions of South Africa, as well as in 

the USA and Australia (Deeming and Angel, 1996). The market for feathers 

collapsed at the onset of World War I and the number of birds slumped from 

250,000 in 1913 to 32,000 in 1930 (Smit, 1963). However, ostrich farming 

survived in South Africa and in the early 1950s there was a resurgence of the 

market based on the sale of ostrich skins for leather production (Deeming and 

Angel, 1996). Now ostrich meat has also become an important product with at 

least 150,000 birds being slaughtered per year in South Africa (Smith et al., 

1995). 
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In other parts of Africa, ostrich farming has developed in countries such as 

Namibia and Zimbabwe. Namibian farmers rear hybrid birds originating from 

Oudtshoorn, while Zimbabwean farmers rear an indigenous ostrich sub-

species (Foggin, 1995). 

 

Other countries involved in ostrich farming include Israel, which started 

production in the early 1980s (Deeming and Angel, 1996). The slaughter 

operation in Israel is the second largest after that in South Africa (Deeming 

and Angel, 1996). In the USA and Canada, the interest in ostrich farming has 

increased and currently the USA is estimated to have over 500,000 birds 

(American Ostrich Association, 1995 as cited by Deeming and Angel, 1996). 

In addition, many member countries of the European Union started ostrich 

farming in the 1990s while various countries in the Far East are also exploring 

the feasibility of ostrich farming (Deeming and Angel, 1996). 

 

Ostriches seem to have been useful to humans from 5,000 to 10,000 years 

B.C. as evidenced by images seen in paintings and carvings found in the 

Sahara (Bertram, 1992; Kreibich and Sommer, 1995). In more recent times, 

the San have hunted these birds for meat. In addition, ostrich eggshells are 

used as storage and drinking vessels in Africa and Arabia, with the skin being 

used in protective jackets in the Arab world (Bertram, 1992). Although the skin 

and meat are the most economically important products today, the entire bird 

is utilized. For example, the feathers are used for dusters and decorations. In 

addition, tourism on a few ostrich farms contributes substantially to the 

economy (Bertram, 1992).  
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In view of the increasing economic importance of this bird, ostrich farming 

should be strengthened to improve the productivity and quality of its products. 

In addition, having a better knowledge of the reproductive system of ostriches 

will improve artificial insemination, which is an alternative breeding strategy. 

Extensive studies have been done on the domestic fowl, but there is a 

knowledge gap concerning the morphology of the female reproductive system 

of the sexually immature ostrich, largely due to the assumption that it 

conforms to the general avian pattern. This could be proved wrong since 

substantial variations have been reported amongst different species of birds.  

 

 As reported by Soley and Groenewald (1999), there is no information on the 

formation of follicles, or on the development of oocytes in the ostrich. 

Furthermore, although the study by Soley and Groenewald (1999) 

demonstrated the gross structure of the ovary in the sexually mature ostrich, it 

did not mention the possibility that the ovary of the sexually immature bird 

may change structurally during different seasons of the year. This is not 

surprising, as according to Kern (1972), few studies on morphological 

changes in the ovary associated with the seasonal reproductive cycle have 

been carried out. Indeed, much of the information about ovarian structure and 

function has been restricted to the domestic fowl (Gallus domesticus). 

However, changes in season do not appear to significantly influence the 

reproductive cycle in the domestic fowl (Guraya, 1989). In light of the lack of 

information on the ovary of the sexually immature ostrich the main objective of 

Chapter Two and Chapter Three was to investigate the histological structure, 

as well as the ultrastructure of this organ. 
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It is well accepted that intermediate filaments play an important role in the 

differentiation and structural support of the cell (Galou et al., 1997; Goldman 

et al., 1996). Intermediate filaments are abundant in epithelial cells, muscle 

cells and peripheral nerve fibres. In addition, immunoreactivity to the 

intermediate filaments desmin, vimentin and smooth muscle actin has been 

localized in various ovarian cells in mammals (Marettova and Maretta, 2002; 

Khan-Dawood et al., 1996). Currently there is no information available on the 

presence of these intermediate filaments in the sexually immature ostrich. 

Thus, the distribution of the intermediate filaments: desmin, vimentin and 

smooth muscle actin in the ovarian tissue of the sexually immature ostrich is 

detailed in Chapter Four. 

 

It has been shown in the domestic fowl that the destruction of the germinal 

disc region in pre-ovulatory follicles causes follicular atresia, blocks ovulation 

and induces apoptosis (Humphrey et al., 1998). In addition, 

adenohypophysectomy also results in atresia suggesting that gonadotropins 

regulate and maintain follicular growth (Yoshimura et al., 1993). This is only 

possible if there are hormone receptors in the target tissues or cells, which in 

this case would be the ovarian follicles. In addition to gonadotropins it is 

known that gonadal hormones control ovarian functions. However, there are 

no reports on the presence or distribution of steroid hormone receptors in the 

ostrich ovary. Thus, in Chapter Five the immunolocalization of steroid 

hormone receptors in the ovary of the immature ostrich was described. At 

present, the only information available about steroid hormone receptors in the 

reproductive system of the ostrich is a study by Madekurozwa (2004) in which 
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progesterone and oestrogen receptors were localized in the surface 

epithelium and tubular glands of the shell gland in immature ostriches with 

active ovaries. 

  

Traditionally, it is well accepted that the innervation of any autonomous organ 

is important in controlling its function. The ovary, being the primary gonadal 

organ of the female reproductive system, is exclusively innervated by 

cholinergic and adrenergic nerve fibres of the autonomic nervous system 

(Gilbert, 1979). This fact has been reported in mammals, as well as in birds. 

Gilbert (1969) has studied in detail the distribution of nerve fibres in the ovary 

of the domestic fowl. However, there are no reports concerning the 

distribution of nerve fibres in the ovary of the sexually immature ostrich. 

Therefore, the objective of Chapter Six was to investigate the ovarian 

innervation in the sexually immature ostrich utilizing antibodies against 

neurofilament protein, protein gene product 9.5, as well as neuron specific 

enolase. 

 

1.2 Justification of the study 
 

The ostrich, being the largest of the ratites is currently an extremely valuable 

farm animal due to the quality of its meat and skin. As mentioned earlier, at 

least 150,000 birds are slaughtered per year for the meat and skin market in 

South Africa (Smith et al., 1995).  
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It has been found that in the prepubertal male ostrich, testicular morphology 

and spermatogenic activity change throughout the year. A report by 

Madekurozwa et al. (2002) showed that spermatogenesis progressed to the 

stage of spermatozoa during the active stage of the testicular cycle or 

breeding season; that is the testes contained the full complement of 

spermatogenic cells from spermatogonia, spermatocytes, spermatids to 

spermatozoa. It is not known if the same seasonal changes occur in the 

sexually immature female. Therefore, the results of this study will fill an 

important gap in our knowledge of the morphology of the ovary in the 

immature ostrich. This knowledge should contribute much to our 

understanding of the morphophysiology of reproduction in the ostrich, with 

possible influences on husbandry practices in commercial ostrich farming. 

 

1.3 General methodology 
 

A total of 26 sexually immature (12 - 14 months old) female ostriches were 

used in this study. The birds were 90 � 100 kg in weight.  The ostrich 

gearboxes (carcass without the skin, head and limbs- essentially the 

thoracoabdomen) were purchased from commercial ostrich abattoirs. The 

ovaries were removed at the abattoir to reduce further the length of time 

between the death of the birds and the collection of tissue samples. Tissue 

samples were then processed in the histopathology laboratory and Electron 

Microscopy Unit of the Faculty of Veterinary Science, University of Pretoria. 
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CHAPTER TWO 

The gross anatomical and histological structure of the 
ovary in the sexually immature ostrich 
 

2.1 Introduction 
 

Duerden (1912) and Cho et al. (1984) described the ovary of the sexually 

immature ostrich as a single, thin, flattened elliptical to rectangular structure. 

In addition, the ovary in the young chick was described as being pale in colour 

and measuring about 12mm in length. According to Soley and Groenewald 

(1999) the ovary in the sexually mature ostrich resembles a bunch of grapes 

and consists of a stroma, which contains follicles of different sizes. Although 

the gross structure of the ovary in the ostrich has been studied extensively, 

relatively little is known about the histological structure of the ovary in this 

species. 

 

It is a well-established fact that ovarian follicles undergo a cycle of growth and 

degeneration (Gilbert et al., 1983). Furthermore, it is known that only a small 

fraction (<1%) of the follicles that begin development ovulate, with the majority 

undergoing atresia (Vickers et al., 2000). In the domestic fowl, it has been 

estimated that, for every twenty ovarian follicles that grow to a size of 6 to 

8mm in diameter, only one will remain viable long enough to be selected into 

the preovulatory hierarchy; the remainder undergo atresia and become 

resorbed (Gilbert et al., 1983). This observation reveals a high incidence of 

atresia before maturity.  
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Between two to five different types of atresia have been reported in various 

species of birds, including the white-crowned sparrow (Kern 1972), the pied 

myna (Gupta and Maiti, 1986) and the domestic fowl (Gupta et al., 1988). The 

different forms of atresia described include liquefaction (Kern, 1972), invasion 

(Guraya, 1976a; Gupta and Maiti, 1986), lipoidal (Marshall and Coombs, 

1957), as well as glandular and lipoglandular (Guraya, 1976a). Significantly, 

all the types of atresia mentioned show large discrepancies in morphology, 

which is thought to be due to problems related to the processing techniques 

employed (Gilbert, 1979). To overcome these problems, Gupta et al. (1988) 

carried out a detailed investigation of the ovary in the domestic fowl and 

characterized all types of atresia into two groups: non-bursting (type 1) and 

bursting (type 2). Gupta and Maiti (1986) pointed out that the most common 

type of atresia in birds is bursting atresia. Bursting atresia is characterized by 

a rupture of the follicular wall and the subsequent escape of yolk contents into 

either the ovarian stroma (Gupta and Maiti, 1986) or the peritoneal cavity 

(Dominic, 1961). 

 

Follicular atresia occurs by apoptosis and the large majority of cells 

undergoing this process appear to be of granulosa cell origin (Johnson et al., 

1996). It has been suggested that follicular apoptosis is driven by the status of 

the Bcl-2:Bax rheostat and cysteine proteases (CPP32), which are key 

effectors of granulosa cell death (Van Nassauw and Harrisson, 1999). Bcl-2, 

which is an oncogene associated with human B cell lymphoma, has a role in 

the prevention of apoptotic cell death in a variety of cell types including 

mammalian lymphocytes (Korsmeyer, 1992; Boise et al., 1993; Reed, 1994), 
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neurons (Garcia et al., 1992; Allsopp et al., 1993) and haematopoietic cell 

lineages (Tushinski et al., 1982; Lotem and Sachs, 1989; Williams et al., 

1990). Research on non-gonadal tissues has centred on the function of 

protooncogene and tumor suppressor gene products as mediators of cell 

survival. Two members of the Bcl-2 gene (Bcl-x long and Bcl-x short) have 

been found in the domestic fowl (Johnson et al., 1999). Bcl-x long protein 

products show similar activities to Bcl-2 and prevent apoptosis. Bcl-x short, in 

contrast to Bcl-2, counteracts the activity of Bcl-2 by promoting cell death.  

 

The apoptotic process could also be induced by the withdrawal of survival 

factors such as gonadotrophin and growth hormone (Uilenbroek et al., 1980; 

Chun et al., 1994). Likewise, cytotoxic factors within the follicle or the 

activation of one or more cysteine proteases (caspases 3 and 6) could also 

induce apoptosis (Johnson and Bridgham, 2000). Although it is now known 

that apoptotic cell death occurs, at least initially, within the granulosa cell layer 

(Johnson and Bridgham, 2000), it is still not well-established whether the 

signals for the apoptotic process originate from within granulosa cells or are 

initiated by germ cells or extracellular signals, such as cytokines and 

hormones (Gupta and Maiti, 1986).  

 

The susceptibility of the avian ovarian follicle to apoptosis varies with the 

stage of development (Johnson et al., 1996). In slow growing, prehierarchal 

follicles (6-8mm diameter), the granulosa cells are more susceptible to 

apoptosis than cells of the pre-ovulatory follicles (Johnson et al., 1996). In 

contrast to apoptosis-sensitive granulosa cells, granulosa cells that are 
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resistant to apoptosis contain significantly higher levels of mRNA encoded for 

the death-suppressing gene, Bcl-x long (Johnson, et al., 1996). 

 

Despite the fact that various forms of atresia have been observed in a wide 

range of bird species, no information is available on this process in the 

sexually immature ostrich. Therefore, in this Chapter the morphology of 

healthy and atretic ovarian follicles in the sexually immature ostrich is 

described.  

 

2.2 Materials and methods  
 

The ovary was exposed in-situ by removing the intestines. The location of the 

left ovary was noted. The ovary was then removed by cutting through its stalk, 

after which any fat and connective tissue were removed. 1cm‡ pieces of ovary 

were then fixed in Bouin’s fluid for 12 hours. Intact yolk-filled follicles were 

placed in Bouin�s fluid and were cut after 12 hours to avoid the escape of the 

yolk. Thereafter, the tissue samples were washed in several changes of 70% 

alcohol to remove most of the picric acid from the tissue and stored in the 

same concentration of alcohol pending further histological processing. 

 

2.2.1 Light microscopic study 
 
Tissue samples fixed in Bouin�s fluid were processed for histology using an 

automated tissue processor. The tissues were then embedded in paraffin 

wax. 5µm - thick sections were cut with a microtome. The sections were then 
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stained with Haematoxylin and Eosin (H&E). The sections were studied under 

a light microscope (Olympus BH 2) at magnifications of x100 to x400.   

 

2.3 Results 
 

2.3.1 Gross anatomy  

  
Only the left ovary was present in the sexually immature ostrich. The ovary lay 

in the cranial part of the body cavity, ventral to the aorta and the caudal vena 

cava. Caudally it was related to the cranial extremity of the left kidney. In 

addition, the caudal part of the left lung made contact with the cranial part of 

the ovary. Ventrally the ovary was covered by the abdominal air sac. The 

ovary was a pink-brown, elongated structure with two major extremities: a 

broad base cranially, and a narrow apex, directed caudally (fig. 2.1). In 

addition, the ovary had a short stalk, which was located ventral to the 

abdominal aorta and the caudal vena cava. An oval-shaped, convoluted 

germinal region was located ventral to the ovarian stalk. 

 

The active ovary was approximately 5 to 7cm in length and contained 

between 25 to 30 follicles; with the diameters of the largest follicle ranging 

from 11 to 19mm. In addition, both healthy and atretic follicles were observed. 

White and yellow-yolk healthy follicles were observed, with the latter being 

more predominant. Each follicle possessed an individual stalk. Follicles were 

classified as atretic based on criteria detailed by Gilbert et al. (1983). In 
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contrast to healthy follicles, atretic follicles were deformed and flaccid (fig. 

2.2). In addition, haemorrhagic areas were observed on the follicular surface. 

 

In contrast to the active ovary, the ovarian surface of the inactive ovary was 

flat, with a granular appearance due to the presence of numerous follicles, 

which were less than 2mm in diameter (fig. 2.3). 

 

2.3.2 Light microscopy (H&E staining) 
 

2.3.2.i General overview of cortex and medulla 
 
The ovarian surface was lined by a germinal epithelium, which consisted of a 

single layer of cuboidal cells. The ovary had an outer cortex and an inner 

medulla. The cortex (zonae parenchymatosae) contained numerous follicles 

at different stages of development (fig. 2.4). The medulla (zonae vasculosae) 

contained connective tissue, blood vessels, and nerves (fig. 2.4).  

 

2.3.2.ii Healthy follicles 
 
The cortex of the ovary contained primordial (100 -110�m in diameter), 

previtellogenic (111- 449�m in diameter), as well as vitellogenic follicles (> 

450�m in diameter).  

 

2.3.2.iia. Primordial follicles  

Primordial follicles were distributed singly within the cortex. The follicles were 

composed of an oocyte surrounded by a layer of flat to cuboidal granulosa 
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cells. In these follicles, a crescent-shaped Balbiani�s vitelline body was 

evident close to the nuclear membrane (fig. 2.5). The oocyte nucleus 

generally contained darkly stained chromosomes. Nuclear bodies, attached to 

chromosomes, were also observed. A single layer of fibrocytes enclosed the 

follicle. 

 

2.3.2.iib. Previtellogenic follicles 

Nuclear bodies were not observed in early previtellogenic follicles. However, 

condensed chromosomes were observed in the central regions of the 

nucleus. A spherical or oval-shaped Balbiani�s vitelline body was evident 

adjacent to the nuclear membrane (fig. 2.6). An oval-shaped, pale-staining 

yolk nucleus was located in the peripheral regions of Balbiani�s vitelline body 

(fig. 2.7).  

 

In the early previtellogenic phase, the granulosa cell layer was generally 

simple columnar, although pseudostratified columnar epithelium was 

occasionally evident. The granulosa cell layer was demarcated from the 

thecal layer by a thin basement membrane. However, at this stage the thecal 

layer did not appear to be differentiated into theca interna and externa (fig. 

2.6).  

 

In the late previtellogenic phase, Balbiani�s vitelline body was typically 

indistinct. However, in a few follicles a fragmented Balbiani�s vitelline body 

was observed in the peripheral regions of the ooplasm (fig. 2.8). The 

granulosa cell layer in these follicles was generally pseudostratified columnar. 
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The thecal layer, which appeared to be thicker than that of early 

previtellogenic follicles, had differentiated into a theca interna and theca 

externa (fig. 2.8). The theca interna contained predominantly fibroblasts and a 

few undifferentiated thecal gland cells. The theca externa consisted of 

fibroblasts, undifferentiated and differentiated thecal gland cells. 

Undifferentiated thecal gland cells contained oval nuclei surrounded by scant 

cytoplasm. Differentiated thecal gland cells possessed abundant clear 

cytoplasm which enclosed a centrally-located round nucleus. The theca 

externa appeared to contain more undifferentiated thecal gland cells than 

differentiated thecal gland cells. Although most of the thecal gland cells were 

distributed singly, groups of two to three cells were occasionally identified (fig. 

2.9).  

 

2.3.2.iic. Vitellogenic follicles 

The oocytes in vitellogenic follicles were generally filled with yolk granules and 

vesicles (fig. 2.10 & 2.11). Membrane-bound yolk vesicles were predominant 

and occupied most of the oocyte. The yolk vesicles were typically round to 

oval in shape. Small dark yolk granules were observed in the yolk vesicles. 

Darkly-stained lipid droplets were located in the peripheral regions of the 

oocyte. No Balbiani�s vitelline bodies were observed in vitellogenic follicles. 

 

In vitellogenic follicles, the granulosa cell layer was composed of a simple 

cuboidal or columnar epithelium. As in the case of previtellogenic follicles, the 
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thecal layer in vitellogenic follicles was clearly differentiated into theca interna 

and theca externa, with the latter being of a greater thickness (fig. 2.12). 

 

2.3.2.iii Atretic follicles  
 
2.3.2.iiia. Primordial follicles in atresia 

Atresia of the primordial follicles (100 -110 �m in diameter) was common. The 

atretic primordial follicles underwent shrinkage and eventually blended with 

the stroma (fig. 2.13).  

 

2.3.2.iiib. Previtellogenic follicles in atresia 

Atresia in previtellogenic follicles (111 - 449�m in diameter) was marked by 

the presence of a shrunken oocyte (fig. 2.14). Occasional atretic follicles 

exhibited large vacuoles of various sizes within the oocyte (fig. 2.15). In the 

majority of atretic previtellogenic follicles, the granulosa cell layer was 

multilayered, scalloped and detached from the theca interna (fig. 2.16). In 

addition, the granulosa cells in some follicles contained pyknotic nuclei. There 

appeared to be an increased density of connective tissue fibres in the theca 

externa of atretic previtellogenic follicles (fig. 2.15). Thecal gland cells were 

observed in the theca externa of these follicles.  

 

2.3.2.iiic. Vitellogenic follicles in atresia 

Vitellogenic follicles displayed two forms of atresia, which are designated as 

type I and type II in this study. In the early stages of type I atresia, the 

granulosa cell layer was discontinuous and scalloped. In these follicles the 
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theca interna contained vacuolated cells, whilst the theca externa was 

hyalinized. Later, the granulosa cell layer dispersed resulting in the invasion of 

the oocyte by the vacuolated thecal cells (fig. 2.17). Fibroblast-like cells were 

observed in the central regions of the follicle along the inner edge of the 

vacuolated cell layer. In the advanced stages of type I atresia the entire follicle 

was filled with hyalinized connective tissue, which contained numerous blood 

vessels (fig. 2.18). 

 

The early stages of type II atresia were characterized by the proliferation of 

granulosa and theca interna cells. The theca externa in these follicles was 

composed of loose connective tissue, rather than the hyalinized connective 

tissue present in type I atresia. Fibroblast-like cells were also observed in the 

central regions of the follicle. In the later stages of type II atresia the 

granulosa and theca interna cells differentiated into interstitial gland cells, 

which eventually occupied the entire follicle (fig. 2.19). Several blood vessels 

were observed within the interstitial gland mass. In the advanced stages of 

atresia, cords of connective tissue, originating from the stroma, invaded the 

glandular mass resulting in the fragmentation of the interstitial gland mass and 

the dispersal of clusters of gland cells in the stroma (fig. 2.20). Numerous 

blood vessels were located between the groups of stromal interstitial gland 

cells.  
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2.3.2.iv Stroma 
 
The ovarian stroma was composed of cellular and connective tissue 

elements, which occupied the areas between the follicles. The cells within the 

stroma included stromal cells and sparsely distributed fibrocytes. The stromal 

cells contained dark, round nuclei, which were placed at the centre of a clear 

cytoplasm. Connective tissue cords, which contained numerous fibrocytes, 

extended from the tunica albuginea into the medulla. Stromal interstitial 

glands occupied a large part of the stroma, especially in ovaries that 

contained atretic follicles (fig. 2.20). Several blood vessels and nerves were 

present in the stroma. 

 

2.4 Discussion 
 

The present study has demonstrated the gross anatomical and histological 

structure of the ovary in the sexually immature ostrich. In addition, the 

morphological changes occurring in the ovarian follicles during 

folliculogenesis and atresia have also been highlighted. Based on the fact that 

female ostriches attain sexual maturity between 2 and 4 years (Hicks-

Alldredge, 1998), the precocious ovarian activity reported in this study could 

be as a result of juvenile photorecfractoriness. In birds exhibiting juvenile 

photorefractoriness gonadal development is stimulated by increasing 

daylength after an exposure to short daylength (Williams et al., 1987; Dawson 

and Goldsmith, 1989; McNaughton et al., 1992). 
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The results of the present study suggest that the histological morphology of 

healthy follicles in the sexually immature ostrich is similar to that of other 

avian species (Guraya, 1976b; Perry et al., 1978; Gilbert, 1979). As in other 

species of birds, the ovary of the sexually immature ostrich is composed of 

primordial, previtellogenic, and vitellogenic follicles. In the present study 

primordial follicles were distributed singly in the ovarian cortex. This pattern of 

distribution is similar to that observed in the common myna, Acridotherens 

tristis (Chalana and Guraya, 1979a). In contrast to these findings, primordial 

follicles in the crow, Corvus splendens are organized in clusters (Chalana and 

Guraya, 1979b).  

 

In the primordial and early previtellogenic follicles of the sexually immature 

ostrich, Balbiani�s vitelline body was a notable feature. The occurrence of a 

distinct Balbiani�s vitelline body, in primordial follicles, has also been reported 

in the pigeon, Columba livia, the brown dove, Streptopelia senegalensis, the 

ring dove, Streptopelia dacaocto, the domestic fowl, Gallus domesticus and 

the Japanese quail, Cortunix cortunix japonica (Guraya, 1976b). Balbiani�s 

vitelline body consists of a yolk nucleus, mitochondria, Golgi complex and lipid 

droplets (Guraya, 1976b). Balbiani�s vitelline body is thought to be the centre 

for the initial multiplication and differentiation of cytoplasmic organelles 

(Guraya, 1976b). 

 

The yolk nucleus has been shown to form an integral part of Balbiani�s 

vitelline body in the domestic fowl (Guraya, 1976b). Likewise, in the immature 

ostrich, a yolk nucleus was observed associated with Balbiani�s vitelline body. 
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According to a report by Guraya (1976b), the yolk nucleus controls the 

multiplication and aggregation of mitochondria and endoplasmic reticulum 

cisternae, which form Balbiani�s vitelline body. 

 

In the current study, gland cells were observed in the thecal layer of 

previtellogenic and vitellogenic follicles, as well as in the ovarian stroma. 

Although most of the gland cells were distributed singly, groups of two to three 

gland cells were occasionally observed. In birds thecal gland cells are a 

common feature of the thecal layer in healthy follicles (Guraya and Chalana, 

1976). The origin, ultrastructure and functional importance of these gland cells 

is discussed in Chapter Three. 

 

Based on the classification of atretic follicles by Gupta et al. (1988), only the 

non-bursting form of atresia was observed in the present study. This could be 

due to the fact that, the ovarian follicles in the sexually immature ostrich were 

small, immature follicles. As reported by Gupta et al. (1988), in the domestic 

fowl, the non-bursting form of atresia generally affects small follicles less than 

1mm in diameter. Similar observations have also been reported in the pied 

myna (Gupta and Maiti, 1986). In non-bursting atresia the yolk is resorbed in-

situ whereas in bursting atresia the yolk is released through a ruptured 

follicular wall. In the current study, atretic follicles were identified based on 

their characteristic features, which included a shrunken oocyte, a multilayered 

granulosa cell layer, a vacuolated oocyte, as well as degenerated granulosa 

cells. In the domestic fowl the presence of a shrunken oocyte is one of the 

characteristic features of cystic atresia (Gupta and Maiti, 1986). In follicles 
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displaying cystic atresia the oocyte is separated from the granulosa cell layer 

by a wide space. The description of cystic atresia in the domestic fowl 

concurred with observations made in the present study, except that the 

shrunken oocytes in the sexually immature ostrich occasionally contained 

large vacuoles.  

 

As stated in the results, vitellogenic follicles expressed two forms of atresia. 

Type I atresia was marked by an invasion of the oocyte by vacuolated theca 

interna cells, as well as fibroblast-like cells, which were presumed to be of 

thecal origin. In contrast to type I atresia, vacuolated granulosa and theca 

interna cells infiltrated the oocyte in type II atresia. The vacuolated cells 

subsequently differentiated into interstitial gland cells. This observation was 

similar to findings made in the domestic goose where theca interna cells of 

atretic follicles transformed into glandular cells (Forgo et al., 1988). The report 

further showed that the glandular cells contained lipid droplets, which 

suggested the accumulation of cholesterol esters, which are known to be 

steroid precursors. In support of this finding, Guraya, (1989) reported the 

ability of interstitial gland cells to synthesize steroid hormones. To date, it is 

not known whether steroidogenesis occurs in the interstitial gland cells of the 

sexually immature ostrich. Therefore, further studies need to be carried out to 

establish the steroidocompetence of interstitial gland cells in the sexually 

immature ostrich. 

 

The results of the current study have indicated that the later stages of type II 

atresia, observed in the sexually immature ostrich, resembled the advanced 
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stages of atresia in the domestic fowl (Gupta and Maiti, 1986), the white 

crowned sparrow (Kern, 1972) and the house sparrow (Guraya and Chalana, 

1976). The appearance of atretic follicles in the sexually immature ostrich 

could be significant in the control of the number of follicles destined for 

ovulation after puberty. Yoshimura and Nishikori (2004) observed changes in 

the population of apoptotic oocytes in the ovary of Japanese quail embryos 

during development. The report showed that the apoptotic process starts in 

the embryonic stage and reaches its climax at hatching, after which it 

declines. Furthermore, follicular atresia could be considered as a stimulus for 

the recruitment of new follicles in the establishment of a follicular hierarchy. 

This has been revealed in research conducted by Kumagai and Homma 

(1974) where the removal of yolky follicles from the ovary of the Japanese 

quail led to the recruitment of smaller follicles.    

 

In conclusion, the results of the present study indicate that the structure of 

healthy follicles in sexually immature ostriches is similar to that of the pigeon 

(Guraya, 1976b), the Japanese quail (Guraya, 1976b), the domestic fowl 

(Perry et al., 1978; Gilbert, 1979) and the common myna (Chalana and 

Guraya, 1979a). In addition, the ovarian follicles in the immature ostrich 

undergo a period of regression which is similar to that reported in other avian 

species (Forgo et al, 1988; Gupta and Maiti, 1986; Gupta et al., 1988; Guraya, 

1976a; Kern, 1972). 
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2.6 List of figures 
 

 
 
Fig. 2.1. Active ovary of an immature ostrich. The cranial extremity (A) is 
broad, whilst the caudal extremity (B) is narrow. Note the presence of yolk-
filled follicles (F).  
 
 

 
 
Fig. 2.2. Active ovary showing healthy (H) and atretic (A) follicles. Note that 
each follicle is suspended by an individual stalk (arrows). S: ovarian stalk 
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Fig. 2.3. Inactive ovary showing a granular surface due to the presence of 
small follicles (arrows). An atretic follicle (A) is also seen on the surface. 
 
 

 
 

Fig. 2.4. Portion of the ovary showing the cortex (C) and medulla (M). A 
germinal epithelium (thick arrows) covers the ovary. Several blood vessels 
(thin arrows) are observed in the medulla. Pv: previtellogenic follicle. Arrow 
heads: primordial follicles. Note the presence of a previtellogenic follicle (A) in 
the early stages of atresia.  
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Fig. 2.5. Primordial follicle composed of an oocyte (O) and a layer of flattened 
granulosa cells (arrow heads). A crescent-shaped Balbiani�s vitelline body 
(arrow) caps the nucleus (N). 
 
 
 

 
 
Fig. 2.6. Early previtellogenic follicle. A simple to pseudostratified columnar 
granulosa cell layer (arrow head) surrounds the oocyte (O). A spherical 
Balbiani�s vitelline body (arrow) is observed adjacent to the nucleus (N). At 
this stage, the thecal layer  (T) is not clearly differentiated in to externa and 
interna. 
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Fig. 2.7. Early previtellogenic follicle. A few blood vessels (arrows) are 
observed in the thecal layer (T). A yolk nucleus (n) is located in Balbiani�s 
vitelline body (BvB). N: Nucleus of the oocyte. G: granulosa cell layer 
 
 

 
 
Fig. 2.8. Late previtellogenic follicle. The oocyte (O) is surrounded by a 
pseudostratified columnar granulosa cell layer (arrow heads). Note the 
fragments of Balbiani�s vitelline body (arrows). The thecal layer is clearly 
differentiated into theca interna (i) and theca externa (e). Small capillaries 
(star) are observed in the theca externa. N: oocyte nucleus. 
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Fig. 2.9.  Late previtellogenic follicle showing differentiated thecal gland cells 
(arrows) in the thecal layer. A blood vessel (arrow head) is also evident. 
 
 

 
 
Fig. 2.10. Vitellogenic follicle. The oocyte is occupied by yolk vesicles (YC). A 
few yolk granules are observed in the yolk vesicles. Lipid droplets (arrows) 
are displaced towards the periphery of the oocyte. The theca interna (i) is 
clearly differentiated from the theca externa (e). g: granulosa cell layer.  
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Fig. 2.11. Higher magnification of a vitellogenic follicle demonstrating yolk 
vesicles (YC) in the oocyte (O). The theca interna (i) is more cellular than the 
theca externa (e), which contains more connective tissue fibres (arrow head). 
g: granulosa cell layer 
 
 

  
 
Fig. 2.12. Vitellogenic follicle demonstrating a well-differentiated theca interna 
(i) and theca externa (e). The theca externa (line) is thicker than the theca 
interna. The oocyte (O) is surrounded by a simple cuboidal granulosa cell 
layer (g). A few lipid droplets are observed in the peripheral regions of the 
oocyte (arrow heads).  
 
 
 
 
 

YC 

100 µm  

O 

g
e

100 µm  

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd,,  KKiimmaarroo  WW  HH  ((22000066))  



 40

 
 
Fig. 2.13. Portion of the cortex demonstrating atretic primordial follicles 
(arrows). The resorption of one of the primordial follicles (P) is almost 
complete. S: stroma. GE = Germinal epithelium. 
 
 

 
 
Fig. 2.14. Atretic previtellogenic follicle composed of a shrunken oocyte (O) 
and a multilayered granulosa cell layer (g). GE: germinal epithelium. 
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Fig. 2.15. Atretic previtellogenic follicle demonstrating vacuoles (Vc) of various 
sizes in the oocyte (O). Observe that the granulosa cell layer (arrow head) is 
not multilayered at this stage of atresia. There appears to be an increased 
density of connective tissue fibres in the theca externa (arrows). 
 
 

 
 
 
Fig. 2.16. Portion of an atretic previtellogenic follicle showing a multilayered 
granulosa cell layer (g), which is separated from the theca layer (T) by a clear 
space (star). Some granulosa cells contain pyknotic nuclei (arrow head). O: 
oocyte.  
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Fig. 2.17. Vitellogenic follicle (type I atresia) showing vacuolated cells (arrows) 
in the theca interna (i). Blood vessels (arrow heads) are observed in the 
hyalinized theca externa (e). Note the increased density of connective tissue 
fibres in the theca interna. O: oocyte. Ct: connective tissue layer 
 
 
 

 
 
Fig. 2.18. Vitellogenic follicle (advanced stages of type I atresia). Most of the 
follicle is occupied by hyalinized connective tissue (Ct.), which contains blood 
vessels (asterisk). Note that a small area in the central region of the follicle 
contains vacuolated cells (g). Arrow: germinal epithelium; S: stroma.  
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Fig. 2.19. Atretic vitellogenic follicle (type II). Vacuolated granulosa and theca 
interna cells have differentiated into interstitial gland cells (IG). Note the 
presence of numerous blood capillaries (arrows) originating from the stroma 
(S), which have invaded the glandular mass. Arrow heads: connective tissue 
fibres surrounding the glandular mass. 
 
 
 
 

  
 
Fig. 2.20. Portion of the stroma (S) occupied by stromal interstitial gland cells 
(asterisks). Note the numerous blood vessels (arrow heads) between the 
clusters of gland cells. GE: Germinal epithelium. Arrow: connective tissue 
trabeculae.  
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CHAPTER THREE 
 

Ultrastructural features of healthy and atretic ovarian 
follicles in the sexually immature ostrich 
 

3.1 Introduction 
 

The ultrastructure of the wall of avian ovarian follicles has been extensively 

studied in the domestic fowl (Perry et al., 1978a, 1978b; Rothwell and 

Solomon, 1977; Bellairs, 1965; Wyburn et al., 1965) and the domestic goose 

(Kovacs et al., 1992). In these birds, seven regions or layers cover the oocyte 

of the mature follicle. From within outwards the layers are: the Zona radiata; 

lamina perivitellina; stratum granulosum; lamina basalis folliculi; theca folliculi 

(theca folliculi interna and theca folliculi externa); connective tissue layer and 

superficial epithelium (Rothwell and Solomon, 1977). 

 

It is well accepted that, the growth and degeneration of ovarian follicles is 

associated with structural and biochemical changes of the cells forming the 

follicular wall. This has been reported in the domestic fowl (Wyburn et al., 

1965; Hernandez-Vertiz et al., 1993; Yoshimura and Bahr, 1995), the 

domestic goose (Forgo et al., 1988; Kovacs et al., 1992) and the Japanese 

quail (Yoshimura and Nishikori, 2004). Guraya (1989) reported that the shape, 

number and cytochemical properties of cells forming the follicular wall change 

with the initiation of oocyte growth. Another structural change associated with 

the growth of follicles is the accumulation of electron dense fibres in the 

perivitelline layer (Wyburn et al., 1965). Research carried out on the domestic 
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goose (Kovacs et al., 1992) and the domestic fowl (Schjeide et al. 1974; 

Gilbert et al., 1980) has shown that the disappearance of ribosome-coated 

vesicles, known as transosomes, is one of the structural changes, which 

occurs in the follicle as it undergoes regression. A further morphological 

change associated with regression is the appearance of granular cells in the 

thecal layer of atretic follicles (Dahl, 1970).  

 

The ostrich, which is the largest ratite, is currently an extremely valuable farm 

animal in several parts of the world (Deeming and Angel, 1996). However, no 

information appears to be available on the ultrastructure of ovarian follicles in 

this species. Therefore, in this chapter the morphology of healthy and atretic 

ovarian follicles was investigated using the transmission electron microscope. 

In addition, cellular changes occurring during follicular growth and atresia 

were highlighted.     

 

3.2 Materials and methods 
 
A total of 26 sexually immature female ostriches aged between 12 and14 

months were used in the present study. The birds were stunned and 

exsanguinated by decapitation at a commercial ostrich abattoir in the Republic 

of South Africa. Ovarian tissue samples were collected as soon as possible 

following the death of the birds. The tissue samples were fixed by immersion 

in 2.5% glutaraldehyde in 0.1M cacodylate buffer. Thereafter, the tissue 

blocks were post-fixed with osmium tetroxide (OsO4) for 1-2 hours and then 

rinsed with cacodylate buffer for 10 minutes, and distilled water for a further 

10 minutes. Thereafter, the tissue samples were dehydrated using a graded 
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series of alcohol (50% - 100% ethanol). After been infiltrated for 1 hour with a 

propylene: epoxy resin mixture at a ratio of 2:1, followed by a 1:1 propylene: 

epoxy resin mixture for 1 hour, samples were embedded in a 100% epoxy 

resin overnight. Thereafter, the tissue blocks were sectioned, stained with 

lead citrate and uranyl acetate and viewed with a transmission electron 

microscope (Philips CMIO). 

 

3.3 Results 

 

3.3.1 Healthy follicles 
3.3.1a. Primordial follicles  

Primordial follicles were composed of an occyte, which was surrounded by a 

single layer of granulosa cells. The oocyte in these follicles contained several 

small lipid droplets inter-mixed with mitochondria, rough endoplasmic 

reticulum (RER), smooth (SER) endoplasmic reticulum, as well as a Golgi 

complex (fig. 3.1). Balbiani�s vitelline body, which was observed close to the 

nucleus of the oocyte, was composed of a dense accumulation of organelles, 

which included mitochondria, lipid droplets, RER, SER, as well as a Golgi 

complex (fig. 3.2 & 3.3). The mitochondria in Balbiani�s vitelline body tended 

to be peripherally-located. In primordial follicles the plasma membrane of the 

oocyte and the apical membrane of the granulosa cells formed interdigitated 

undulations. In addition, desmosomes were occasionally formed between the 

granulosa cells and the oocyte.  
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The granulosa cell layer consisted of flat to cuboidal cells with apically-located 

nuclei (fig. 3.1). The nucleus of a typical granulosa cell was oval in shape and 

contained a prominent nucleolus (fig. 3.4). The cell contained several 

mitochondria, lysosomes, SER, RER, as well as a Golgi complex. The 

mitochondria were elongated or round depending on the plane of sectioning 

and were concentrated adjacent to the lateral aspects of the nucleus (fig. 3.4). 

SER and RER were evenly distributed throughout the cell with the latter being 

more predominant. Tight junctions, as well as interdigitations of the lateral 

plasma membranes linked the granulosa cells (fig. 3.4). The apical regions of 

the granulosa cells displayed regular undulations, which interdigitated with the 

plasma membrane of the oocyte. In this follicular size, transosomes were 

occasionally seen as cytoplasmic evaginations on the apical aspect of the 

granulosa cells (fig. 3.4). The transosomes were oval in shape with inner 

granular and outer smooth membranes.   

 

Beneath the granulosa cell layer was a basal lamina.  At a low magnification, 

the basal lamina appeared to be a homogeneous, granular layer. However, at 

a higher magnification, it became evident that the region of the basal lamina 

closest to the granulosa cell layer was more electron dense than that adjacent 

to the thecal layer (fig. 3.5).  

 

An undifferentiated thecal layer composed of approximately 2 to 3 layers of 

fibroblasts, was present (fig. 3.1). A few connective tissue fibres (collagen 

fibres) were seen between the fibroblasts. 
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3.3.1b. Previtellogenic follicles 

The oocyte of previtellogenic follicles contained a large number of lipid 

droplets and yolk granules (fig. 3.6). Cytoplasmic organelles, which included 

mitochondria, cisternae of RER and a Golgi complex were present in the 

oocyte. In late previtellogenic follicles, Balbiani�s vitelline body was indistinct. 

The perivitelline layer consisted of an electron dense amorphous material, 

which was deposited between the granulosa cell layer and the oocyte. The 

zona radiata was formed by interdigitating cytoplasmic extensions from the 

granulosa cell layer and the oocyte (fig. 3.7). The cytoplasmic processes were 

held together by tight junctions and desmosomes (fig. 3.8). 

 

 In early previtellogenic follicles, the granulosa cell layer was formed by a 

simple columnar or pseudostratified columnar epithelium (fig. 3.9). In late 

previtellogenic follicles, the granulosa cell layer was pseudostratified columnar 

(fig. 3.10). Light (type I) and dark (type II) granulosa cells were observed, with 

the former being more predominant (fig. 3.11). Type I granulosa cells 

contained apically-located round nuclei, which generally contained one or two 

prominent nucleoli (fig. 3.9). In addition, clumps of heterochromatin were 

observed in the nucleus. Mitochondria, SER, RER and a Golgi complex were 

distributed throughout the cell. In addition, the cytoplasm in the central regions 

of the cells contained several microfilaments (fig. 3.12). 

 

Dark (type II) granulosa cells contained an ovoid nucleus which was located 

either centrally or apically (fig. 3.11). The cytoplasm contained numerous 

electron dense bodies (fig. 3.13). Mitochondria were more concentrated in the 
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apical regions of these granulosa cells (fig. 3.13). A few lipid droplets were 

observed in type II granulosa cells. Although RER, SER and a Golgi complex 

were observed in the cytoplasm, microfilaments were not clearly identifiable in 

these cells.  

 

Despite the fact that light and dark granulosa cells showed clear differences in 

their cytoplasmic contents, both cell types possessed longer cytoplasmic 

extensions than the granulosa cells of primordial follicles (fig. 3.14). 

Transosomes were observed at the apical regions of the cytoplasmic 

processes (fig. 3.15) as well as, along the lateral plasma membranes (fig. 

3.16). Depending on the plane of sectioning transosomes appeared to be 

either round or oval in shape (fig. 3.17). The transosomes were composed of 

an inner granular membrane and an outer smooth membrane. Electron dense 

ribosome-like granules were attached to the inner membrane (fig. 3.17). An 

electronlucent area separated the inner and outer membranes. The inner 

membrane of the transosomes was curved towards the cytoplasm of the 

granulosa cell.  

 

Gap junctions, as well as desmosomes were identified between adjacent 

granulosa cells (fig. 3.16). In some instances tight junctions were also 

observed.  

 

The thecal layer was demarcated from the granulosa cell layer by a relatively 

homogeneous granular basal lamina (fig. 3.18). The theca interna and externa 

were clearly differentiated in late previtellogenic follicles. Fibroblasts, which 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd,,  KKiimmaarroo  WW  HH  ((22000066))  



 50

were arranged in strata, as well as undifferentiated thecal gland cells, were 

the main features of the theca interna (fig. 3.19). The fibroblasts were spindle-

shaped with elongated nuclei. The cytoplasm of these cells contained several 

electron dense bodies which were either round or irregular in shape (fig. 

3.20). In addition, the cells contained a few mitochondria, RER profiles as well 

as, a Golgi complex (fig. 3.20 & 3.21). Although connective tissue fibres 

occupied most of the intercellular space, desmosomes and tight junctions 

between adjacent fibroblasts were occasionally present (fig. 3.22a&b).  

 

Undifferentiated thecal gland cells were either round or oval in shape. The 

gland cells were usually distributed singly in the outer regions of the theca 

interna. Pairs of thecal gland cells were typically united by tight junctions (fig. 

3.23). The oval-shaped nucleus of the undifferentiated thecal gland cell 

contained one or two nucleoli and was surrounded by a small amount of 

cytoplasm (fig. 3.24). Several cytoplasmic organelles, which included 

mitochondria, Golgi complexes and SER, were observed. In addition, these 

cells displayed bundles of microfilaments (fig. 3.23). 

 

The theca externa consisted of fibroblasts, a few capillaries, as well as, 

undifferentiated and differentiated thecal gland cells. The fibroblasts and 

undifferentiated thecal gland cells in the theca externa appeared to be 

morphologically identical to those observed in the theca interna. The 

differentiated thecal gland cells were generally distributed singly (fig. 3.24).  

However, in some cases groups of differentiated thecal gland cells were 

observed.  The differentiated theca gland cells contained a large amount of 
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cytoplasm, which enclosed a round, centrally-located nucleus. Lipid droplets, 

electron dense bodies and ill-defined cisternae of RER and SER were 

observed in the cytoplasm (fig. 3.24). In the theca externa, as in the theca 

interna collagen fibres were observed between the fibroblasts and thecal 

gland cells.  

 

3.3.1c Vitellogenic follicles 

Yolk granules were evident in the oocytes of vitellogenic follicles. In contrast 

to the previtellogenic follicles, the oocytes in vitellogenic follicles contained 

numerous yolk vesicles, which occupied most of the ooplasm. In addition, 

groups of peripherally located mitochondria, profiles of SER and a Golgi 

complex were observed.  

 

As in previtellogenic follicles, the zona radiata was formed by cytoplasmic 

extensions from the oocyte and the granulosa cells. However, in this follicular 

size, cytoplasmic extensions from the granulosa cells appeared shorter than 

in the previtellogenic follicles and restricted to the lateral or peripheral aspects 

of the cells (fig. 3.25). In addition, the cytoplasmic processes displayed very 

few transosomes. Unlike in previtellogenic follicles, transosomes in 

vitellogenic follicles were uncommon along the lateral plasma membranes of 

the granulosa cells. Interestingly, the formation of the perivitelline layer was 

still in the initial stages observed in previtellogenic follicles. 

 

The granulosa cell layer was composed of a simple cuboidal or columnar 

epithelium (fig. 3.26). The cells possessed either centrally or apically-located 
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nuclei (fig. 3.26 & 3.27). Mitochondria were concentrated basally in cells with 

apically located nuclei (fig. 3.27). In contrast, cells with centrally-located nuclei 

contained groups of apically-located mitochondria (fig. 3.26). In cells with 

apically located nuclei lipid droplets and vacuoles were observed below the 

nucleus (fig. 3.27). In addition, SER, as well as RER were present with the 

latter being more predominant. The granulosa cells were linked by 

desmosomes. 

 

A basal lamina separated the granulosa cell layer from the theca interna. The 

ultrastructure of the basal lamina appeared to be similar to that of 

previtellogenic follicles. The theca interna was composed of fibroblasts and 

both undifferentiated and differentiated thecal gland cells (fig. 3.28). In some 

cases cells with vacuolated cytoplasm were observed in the theca interna as 

well as in the theca externa (fig. 3.28). In general the fibroblasts of vitellogenic 

follicles resembled those of previtellogenic follicles. Collagen fibres were 

evident between the fibroblasts.  

 

The theca externa was composed of both undifferentiated and differentiated 

thecal gland cells, as well as fibroblasts (fig. 3.29). Connective tissue fibres 

were identified between the cells forming the theca externa. Blood vessels 

were also a common feature. In addition, occasional unmyelinated nerve 

fibres were observed in close association to either thecal gland cells or 

fibroblasts (fig. 3.30a&b). 
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3.3.2 Atretic follicles 
3.3.2a Primordial follicles 

Major ultrastructural changes were observed in the cytoplasmic organelles of 

both the oocyte and the surrounding follicular wall. In the oocyte, mitochondria 

were concentrated around the nucleus and close to the granulosa cells (fig. 3. 

31). In addition, Balbiani�s vitelline body did not appear to be present. In these 

follicles vacuoles, lipid droplets and electron dense bodies were observed in 

the oocytes.  

 

A single layer of granulosa cells surrounded the oocyte. The cytoplasm of the 

granulosa cells varied in electron density. Electron dense bodies, lipid 

droplets, SER and RER were observed in the cytoplasm. The ultrastructure of 

the basal lamina and thecal layer appeared similar to that observed in healthy 

follicles.  

 

3.3.2b Previtellogenic follicles 

The oocyte in atretic previtellogenic follicles contained clusters of 

mitochondria intermixed with lipid droplets and electron dense bodies (fig. 

3.32). The mitochondria were swollen and contained tubular cristae. In 

addition, dilated profiles of SER were observed throughout the ooplasm. In 

some follicles, an amorphous layer was observed between the oocyte and 

granulosa cell layer (fig. 3.33). 

   

The multilayered granulosa cells displayed apical cytoplasmic processes, 

which appeared to be shorter and fewer than in the healthy previtellogenic 

follicles. Likewise, fewer transosomes were observed in the atretic 
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previtellogenic follicles. Although RER and SER were intact, a Golgi complex 

could not be identified. In addition, in the more advanced stages of atresia 

lipid droplets and swollen mitochondria were distributed throughout the cell 

(fig. 3.34). 

 

The thecal layer in atretic previtellogenic follicles appeared to contain a 

greater mass of connective tissue fibres than in the healthy previtellogenic 

follicles (fig. 3.35). The fibroblasts and undifferentiated thecal gland cells 

contained several lipid droplets and swollen mitochondria.  

 

3.3.2c Vitellogenic follicles 

In the early stages of atresia in vitellogenic follicles, the granulosa cells 

contained several electron dense bodies. Other cytoplasmic organelles 

displayed normal features. However, major atretic changes were seen in the 

thecal layer where granulosa and theca interna cells differentiated into 

interstitial gland cells (fig. 3.36). In the initial stages of differentiation, 

numerous lipid droplets filled the cytoplasm of the interstitial gland cells.  

Scant cytoplasm was observed between the lipid droplets. At this stage the 

gland cells contained a round, centrally-located nucleus. 

 

In the advanced stages of atresia, the gland cells contained irregular shaped 

nuclei, which were peripherally-located (fig. 3.36). These interstitial gland cells 

appeared to be undergoing degeneration. In addition, cellular debris and 

macrophages were observed in the areas between the degenerating gland 

cells. At this stage interstitial gland cells occupied a large part of the oocyte. 
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Dense accumulations of collagen fibres were present between the fibroblasts 

in the theca externa. However, lipid droplets as well as swollen mitochondria 

were the notable feature in some fibroblasts (fig. 3.37). 

 

3.4 Discussion 
 

This appears to be the first documentation of the ultrastructural morphology of 

healthy and atretic ovarian follicles in the sexually immature ostrich. The 

nomenclature of the ovarian follicular layers adopted in this study is in 

accordance with the description used by Gilbert (1979) in the domestic fowl. 

In general, the results of the present study correlated well with earlier 

research findings made in the domestic fowl (Wyburn et al., 1966; Dahl, 1971; 

Rothwell and Solomon, 1977; Perry et al., 1978a), the domestic duck (Deray, 

1979), the Japanese quail (Kudryavstev et al., 1982), the domestic goose 

(Kovacs et al., 1992) and the pigeon (Guraya, 1976).  

 

As in other avian species, the oocyte in the sexually immature ostrich was 

surrounded by a zona radiata, perivitelline layer, granulosa cell layer, basal 

lamina, as well as thecal layers. The zona radiata, which was formed by 

interdigitations of cytoplasmic processes from the oocyte and the granulosa 

cells, was observed in previtellogenic and vitellogenic follicles. Similar 

observations were made in the domestic fowl where the zona radiata was 

present in follicles larger than 5mm in diameter (Rothwell and Solomon, 

1977).   In contrast to the domestic fowl (Perry et al., 1978a) and the domestic 

goose (Kovacs et al., 1992), the perivitelline layer in the sexually immature 
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ostrich was still in the initial stages of development. This might suggest that 

the differentiation of the perivitelline layer is restricted to large follicles in the 

sexually mature ostrich. 

 

The results of this Chapter complement the observations made in the light 

microscopic study (Chapter Two) on the components of Balbiani�s vitelline 

body. At the electron microscope level, Balbiani�s vitelline body was 

composed of aggregations of mitochondria, SER, RER and Golgi complexes. 

This distribution pattern is in agreement with the research findings of Guraya 

(1976b) on the ovary of the pigeon, the brown dove, the ring dove, the 

domestic fowl and the Japanese quail.  

 

 In the current study it was shown that as the follicle grows the structure of 

granulosa cells, as well as the thickness of the granulosa cell layer changes. 

This is in agreement with an observation made by Gilbert (1980) where the 

shape and number of granulosa cells in the domestic fowl varied as the follicle 

developed. In the sexually immature ostrich, granulosa cells accumulated lipid 

droplets during the vitellogenic phase. Studies in the domestic fowl and the rat 

(Dahl, 1971; Wyburn et al., 1966) have also demonstrated the presence of 

lipid droplets in the granulosa cells. The reports pointed out that the presence 

of lipid droplets in the granulosa cells might be due to the accumulation of 

neutral fats from fatty degeneration. However, histochemical tests carried out 

in the domestic fowl have shown that lipid droplets in the granulosa cells 

consisted of phospholipids and triglycerides (Guraya, 1989). Phospholipids 

and triglycerides are cholesterol esters, which are known to be utilized in the 
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synthesis of steroid hormones. Therefore, it may be possible that granulosa 

cells of vitellogenic and atretic follicles in the sexually immature ostrich play 

an important role in steroid synthesis. 

 

In the current investigation a study of the apical and lateral granulosa cell 

membranes revealed the presence of transosomes, which are membranous 

structures found only in avian ovarian follicles. The different names, which 

have been used to describe these structures include: unique organelles 

(Schjeide et al., 1966; 1974; 1975); lining bodies (Bellairs, 1965; 1967); 

macrobodies (Greenfield, 1966); terminal membranes (Wyburn et al., 1965) 

and vesicular bodies (Bellairs, 1967). However, according to Guraya (1989) 

the basic structure of the organelles described by these researchers appears 

to be similar. Guraya (1976) and Schjeide et al. (1966) suggested that the 

importance of transosomes lay in the growth of ovarian follicles. It is thought 

that transosomes play an important role in the initial formation of yolk material.  

 

According to Schjeide et al. (1974) transosomes contain ribosomes (rRNA) 

which participate in the growth of the oocyte. In addition, Paulson and 

Rosenberg (1974) reported the ability of transosomes to form yolk vesicles 

after detaching from the granulosa cell membrane. Therefore, it may be 

assumed that the presence of transosomes in the ovarian follicles of the 

sexually immature ostrich is important for the growth of the follicle and the 

initial formation of yolk material as has been suggested by earlier researchers. 

However, further studies need to be carried out to ascertain the physiological 

function of these organelles in the immature ostrich. 
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As stated in the results, the number of transosomes appeared to decrease as 

the follicle matured and regressed. A similar occurrence has been reported in 

the domestic goose (Kovacs et al., 1992) and the domestic fowl (Paulson and 

Rosenberg, 1974). According to Kovacs et al. (1992), the number of 

transosomes was reduced in follicles larger than 8mm in diameter, as well as 

in atretic follicles. The report suggested that apoptosis of granulosa cells is 

heralded by the disappearance of transosomes. Other ultrastructural changes 

that characterized regression in the previtellogenic follicles on the sexually 

immature ostrich included the accumulation of electron dense bodies and lipid 

droplets in the granulosa cells, as well as the presence of swollen 

mitochondria.  

 

The present study supports and complements the results of the light 

microscopic study in Chapter Two, which showed that interstitial gland cells 

are formed from degenerating granulosa and theca interna cells. This 

observation is in agreement with the report by Guraya and Chalana (1976) 

and Chalana and Guraya (1979) who observed the formation of interstitial 

gland cells in the ovary of the house sparrow (Passer domesticus), the crow 

(Corvus splendens) and the myna (Acridotherens splendens). However, 

Erpino (1973) reported that interstitial glands in the scrub jay (Aphelocoma 

coerulescens) are formed from thecal gland cells of atretic follicles, as well as 

from stromal fibroblasts.  

 

In the ovary of the house sparrow, the crow and the myna interstitial gland 

cells were distributed either in groups or singly in the ovarian stroma (Guraya 
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and Chalana, 1976). In the sexually immature ostrich interstitial gland cells 

occurred in well-vascularized clusters, which were separated by connective 

tissue fibres. Research conducted by Chalana and Guraya (1976) has shown 

that the avian ovary contains more interstitial gland cells prior to breeding 

season. The report concluded that the accumulation of interstitial glands is 

correlated to the steroidogenic function of these glands during the breeding 

season. The functional importance of interstitial gland cells in the ovary of the 

sexually immature ostrich is not known for certain. However, the presence of 

lipid droplets in these cells suggests that interstitial gland cells may play an 

important role in steroid hormone synthesis as reported in other avian 

species.  

 

In addition to interstitial gland cells, thecal gland cells were a common feature 

in the ovary of the sexually immature ostrich. Dahl (1970) described thecal 

gland cells as being composed of groups of steroid producing cells 

surrounded by a layer of enclosing cells. Interestingly, thecal gland cells in the 

sexually immature ostrich were enclosed by a basal lamina, and not by 

enclosing cells as described in the domestic fowl (Dahl, 1970). Differentiated 

and undifferentiated thecal gland cells were observed in the sexually 

immature ostrich. In addition, a few vacuolated thecal cells were occasionally 

observed in the thecal layer of vitellogenic follicles. These vacuolated cells 

were termed �theca lutein cells� in the domestic fowl (Rothwell and Solomon, 

1977). However, there is no evidence that these vacuolated cells have a 

steroidogenic function.  
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Hernandez-Vertiz et al. (1993) described the structure of steroidogenic cells in 

the theca layer of follicles in the domestic fowl. The report showed that a 

typical steroidogenic cell is characterized by the presence of numerous lipid 

droplets in the cytoplasm. A similar observation was also made in the current 

study in which the thecal gland cells contained numerous lipid droplets. This 

observation supports the possibility that thecal gland cells in the sexually 

immature ostrich could be involved in the production of steroid hormones. 

Although a study by Huang and Nalbandov (1979) and Marone and 

Hertelendy (1985) has shown that oestrogen and androgen are synthesized 

by cells of the theca layer, further immunohistochemical studies need to be 

carried out to provide more evidence on the steroidocompetence of these 

cells in the ovary of the sexually immature ostrich. 

 

In conclusion, the results of this study indicate that the structure of the 

follicular wall in the sexually immature ostrich is similar to that of other avian 

species. 
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3.6 List of figures 

   

   

Fig. 3.1. Healthy primordial follicle. Flat granulosa cells (g) surround the oocyte (O). Groups of 
mitochondria (M) are observed intermixed with lipid droplets (arrow heads) in the oocyte. BM: 
basal lamina. T: thecal layer.  
 
Fig. 3.2. Healthy primordial follicle. An electron micrograph of Balbiani�s vitelline body, which is 
formed by a high concentration of mitochondria (M) and RER (arrow heads). A few lipid droplets 
(arrows) are also present. N: nucleus. 
 
Fig. 3.3. A high magnification electron micrograph of Balbiani�s vitelline body shows a Golgi 
complex (g), RER (arrow) and mitochondria (M). 
 
Fig. 3.4. Healthy primordial follicle. Cuboidal granulosa cell rests on the basal lamina (BM). 
Several mitochondria (arrows) and a few cisternae of RER (arrow head) are present. The oval-
shaped nucleus (N) contains a prominent nucleolus. Note the early formation of transosomes 
(T) on the apical aspect of the granulosa cell adjacent to the oocyte (o). I: Folding of the lateral 
plasma membranes. 
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3.3 3.4 I 
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Fig. 3.5. Granular basal lamina (BM). Note the presence of electron dense granules 
(arrows) adjacent to the granulosa cell (g). 

 
Fig. 3.6. Healthy previtellogenic follicle. Small to large lipid droplets are present in the 
oocyte. Groups of mitochondria (M) are observed close to the nucleus (N).   
 

Fig. 3.7. Late healthy previtellogenic follicle. Part of the oocyte (O) and the apical 
portions of granulosa cells (g) are shown. The zona radiata (Zr) is formed by 
interdigitating processes from the granulosa cell layer and the oocyte. 
 
Fig. 3.8. Higher magnification of the zona radiata (Zr) showing the presence of tight 
junctions (arrows). Note the presence of transosomes (arrow heads) at the tips of the 
cytoplasmic processes. O: oocyte  
 

3.5 3.6 

3.7 3.8 
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Fig. 3.9. Early healthy previtellogenic follicle. Columnar granulosa cells (g) surround the oocyte 
(O). Note the presence of an undifferentiated thecal layer (T) beneath the basal lamina (arrow 
head). 
 
Fig. 3.10. Late healthy previtellogenic follicle. A pseudostratified columnar granulosa cell layer 
(g) encloses the oocyte (O). 
 

Fig. 3.11. Late healthy previtellogenic follicle. The granulosa cell layer exhibits light (Lc) and 

dark (Dc) cells.  
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Fig. 3.12. Cytoplasm of a type I (light) granulosa cell showing microfilaments (MT) in 
the central regions of the cell. Tight junctions (arrow) united these cells.  
 
Fig. 3.13. Apical portion of a type II (dark) granulosa cell showing electron dense 
bodies (arrow heads). Mitochondria (asterisks) are more concentrated in this apical 
area. The plasma membrane adjacent to the oocyte (o) displays several transosomes 
(arrows). N: nucleus 
 
Fig. 3.14. Healthy previtellogenic follicle. Granulosa cell (g) exhibiting long cytoplasmic 
processes. Lysosomes (arrows) and a few lipid droplets (arrow head) are observed in 
the cytoplasm of the granulosa cell. O: oocyte 
 
Fig. 3.15. Transosomes (T) in the apical region of a granulosa cell (g). Some 
transosomes (arrows) have detached from the granulosa cell and are within the oocyte 
(O).   
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Fig. 3.16. Desmosomes (arrows) are observed between two granulosa cells. N:  
nucleus. Arrow head: transosome on the lateral plasma membrane. 
 
Fig. 3.17. Round (T) and oval (Ts) shaped transosomes in a granulosa cell (g) and an 
oocyte (o). Note the presence of an outer smooth membrane (arrow) and an inner 
granular membrane separated by an electron-lucent area (star)   
 
Fig. 3.18. Healthy previtellogenic follicle. A basal lamina (BM) separates the granulosa 
cell layer (g) from the thecal layer (T).    
 
Fig. 3.19. A survey electron micrograph of a late healthy previtellogenic follicle. 
Fibroblasts (Fb) and undifferentiated thecal gland cells (Arrow) are the main 
components of the theca interna (i) and theca externa (e). Granulosa cells (g) rest on 
the basal lamina (arrow head) and bear cytoplasmic processes, which contribute to the 
formation of zona radiata (Zr). O: oocyte. 
 

3.16 3.17 
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Fig. 3.20. Higher magnification electron micrograph of fibroblasts showing a parallel 
array of RER cistenae (arrows) and electron dense bodies (arrow heads) within the 
cytoplasm.  

 

Fig. 3.21. Electron micrograph of a portion of the thecal layer showing spindle shaped 
fibroblasts with elongated nuclei (N). Parallel cisternae of RER are observed adjacent 
to the nucleus (arrows). Collagen fibres (C) occupy the intercellular spaces.  

 

 

   

Fig. 3.22. Cellular junctions between fibroblasts in the thecal layer. Desmosomes 
(arrow head) and tight junctions (arrows) are clearly seen in figures a & b respectively.  

 
b 
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a 
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Fig. 3.23. Undifferentiated thecal gland cell. A bundle of microfilaments (arrow head), 
mitochondria (M) and arrays of RER (arrows) are observed in the cytoplasm. Tight 
junctions (thick arrow), as well as folding of the lateral plasma membranes (asterisk) 
unite the adjacent cells. 

 

  

Fig. 3.24. Portion of the theca externa showing differentiated (T) and undifferentiated 
(arrow) thecal gland cells. Note the presence of lipid droplets (arrow heads) and 
electron dense bodies (e) in the cytoplasm of the differentiated thecal gland cell (T). 
The cell demonstrates a round nucleus, which is centrally located. The ovoid nucleus of 
the undifferentiated thecal gland cell possesses two nucleoli. 
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Fig. 3.25. Healthy vitellogenic follicle. A high magnification electron micrograph 
showing part of the oocyte (o) and the apical region of a granulosa cell (g). Only the 
peripheral regions of the granulosa cells are involved in the formation of the zona 
radiata (Zr). Note the presence of a few transosomes (arrows).   
 
Fig. 3.26. A survey electron photomicrograph of an healthy vitellogenic follicle showing 
the oocyte (o) and follicular wall. The granulosa cell layer (g) is composed of a simple 
columnar epithelium, which is separated from the thecal layer (T) by a basal lamina 
(Bm). Mitochondria (M) are concentrated in the apical regions of the cells.  
 
 

Fig. 3.27. Healthy vitellogenic follicle. The granulosa cells (g) contain apically-located 
nuclei. Note the accumulation of lipid droplets (arrow head) and mitochondria  (arrows) 
below the nucleus. The basal lamina (BM) appears to be homogeneous. 
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Fig. 3.28. Healthy vitellogenic follicle showing a distinct theca interna (i) and theca 

externa (e). The theca interna has a high concentration of fibroblasts (arrow heads). 

Note the presence of cells with vacuolated cytoplasm (arrows) in both the theca interna 

and theca externa. G: granulosa cell layer separated from the theca interna by the 

basal lamina (Bm). Tc: undifferentiated thecal gland cells. bv: blood vessel. 

 

Fig. 3.29. Portion of an healthy vitellogenic follicle demonstrating fibroblasts (FB) and 

undifferentiated thecal gland cells (Tc) arranged in strata. Bv:  blood vessel. 

 

Fig. 3.30a. A survey electron micrograph of the thecal layer showing nerve fibres 

(arrows). Ts: undifferentiated thecal gland cells. b. A higher magnification electron 

micrograph of unmyelinated nerve fibres in the theca externa.  
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Fig. 3.31. A survey electron micrograph of an atretic primordial follicle showing lipid 
droplets (arrows) in the oocyte (o). Groups of mitochondria (M) are evident close to the 
nucleus (N), as well as in the peripheral regions (P) of the oocyte. 
 
Fig. 3.32. Atretic previtellogenic follicle. The oocyte (o) contains a large number of lipid 
droplets (arrows). Several electron dense bodies (arrow heads) are observed in the 
oocyte and in the zona radiata.  
 
Fig. 3.33. Atretic previtellogenic follicle. An electron dense amorphous layer is present 
between the oocyte (O) and granulosa cell layer (g).  
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Fig. 3.34. Atretic previtellogenic follicle. Swollen mitochondria (arrow heads) in the 

granulosa cells. Some cells contained lipid droplets (arrow). 

 

Fig. 3.35. Atretic previtellogenic follicle. There appears to be a greater concentration of 

connective tissue fibres (Ct) between the fibroblasts (Fb) in the theca externa. 

 

Fig. 3.36. Interstitial gland cells in an atretic vitellogenic follicle. The gland cells contain 

irregular, peripherally-located nuclei (arrows). 

 

Fig. 3.37. Atretic vitellogenic follicle. Thick collagen bundles (Ct) are present between 

fibroblasts in the theca externa. Note the presence of swollen mitochondria (arrows) in 

the fibroblast. N: nucleus. 
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CHAPTER FOUR 
 

An immunohistochemical localization of intermediate 
filament proteins in the ovary of the sexually immature 
ostrich 
 

4.1 Introduction  
 
Studies on the ovaries of various species have shown marked differences in the 

distribution of intermediate filament proteins in healthy follicles, as well as in the 

different forms of atretic follicles (Marettova and Maretta, 2002; Van den Hurk et 

al., 1995, Khan-Dawood et al., 1996). Intermediate filaments are fibrous 

proteins, measuring approximately 8-10 nm in diameter. On the basis of 

chemical composition, function and distribution, six major types of intermediate 

filaments have been reported (Banks, 1993). The identified types include: 

keratin filaments (tonofilaments) found in epidermal cells; desmin filaments 

found in muscle cells; vimentin filaments found in cells of mesenchymal origin; 

neurofilaments located in axons; glial filaments found in glial cells and nuclear 

lamins located in the nucleus (Banks, 1993).  

 

Intermediate filaments form an essential component of the cytoskeleton. In 

addition, intermediate filaments are also known to participate in various cellular 

activities, such as, differentiation, proliferation and cell-to-cell binding (Helfand 

et al., 2003). A report by Galou et al. (1997) has shown that mutations in 

intermediate filament genes decrease cell and tissue resistance to mechanical 

stress, resulting in several abnormalities, such as fragile skin syndromes and 

myopathies. Furthermore, an abnormal intermediate filament aggregation 

pattern is known to occur in giant axonal neuropathy (Durham et al., 1983). 
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As in mammals, ovarian tissue in the avian consists of various cell types. A 

report by Galou et al. (1997) has shown that the presence of certain 

intermediate filaments can be used to identify different cell types. Despite the 

usefulness of intermediate filaments in cell identification, few studies have been 

conducted on the occurrence of intermediate filament proteins in the avian 

ovary. Furthermore, there does not appear to be any information available on 

the occurrence and distribution of intermediate filament proteins in the sexually 

immature ostrich. Therefore, in this Chapter, an immunohistochemical study 

was carried out to investigate the distribution of desmin filaments, vimentin 

filaments, as well as smooth muscle actin filaments in the ovary of sexually 

immature ostrich. 

 

4.2 Materials and methods   
 
A total of 26 sexually immature female ostriches were used in this study. 

Sample collection was carried out as detailed in Chapter Two.  The 

immunostaining technique was performed on 5µm-thick sections, using a LSAB-

plus kit (Dakocytomation, Denmark). Sections were deparaffinized and 

endogenous peroxidase activity was blocked, using 3% (v/v) hydrogen peroxide 

solution in water for 5 minutes. The slides were then rinsed in a 0.01M 

phosphate buffer saline solution 1-1 (PBS, pH 7.4) for 5 minutes. Thereafter, 

the slides were microwaved at 750 W for three cycles of 5 minutes each. After 

being allowed to cool for 20 minutes the sections were rinsed with PBS. The 

sections were then incubated for 30 minutes at room temperature with 

monoclonal antibodies against vimentin, desmin and smooth muscle actin at 

dilutions of 1:100, 1:300 and 1:50 respectively. After this incubation the slides 

were rinsed with PBS and then incubated for 15 minutes with a ready-to-use 
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biotinylated secondary antibody (LSAB-plus kit, Dakocytomation, Denmark). 

Thereafter, the slides were rinsed in PBS and subsequently incubated for 15 

minutes with the streptavidin component of the LSAB-plus staining kit. Slides 

were then rinsed in PBS and bound antibody was visualized after the addition of 

a 3,3’ -diaminobenzidine tetrachloride solution (LSAB-plus kit, Dakocytomation, 

Denmark). 

 

In the negative controls the primary antibodies were replaced with normal 

mouse serum. Smooth muscle was used as a positive control for both desmin 

and smooth muscle actin, whilst tonsillar tissue was used as a positive control 

for vimentin.  

 

4.3 Results 
 

Variations in the immunostaining of the sections used in this study were minor. 

No background staining was detected in the negative control sections, whilst 

positive immunostaining for vimentin, desmin and smooth muscle actin was 

observed in the tonsil and smooth muscle sections.  

 

On the basis of visual examination, the relative intensities of vimentin, desmin 

and smooth muscle actin immunostaining were designated as absent (-), weak 

(+), moderate (++) and strong (+++). The immunostaining intensities are 

summarized in Tables 1 and 2.     

 

 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd,,  KKiimmaarroo  WW  HH  ((22000066))  



 81

4.3.1. Healthy follicles 
 
The granulosa cells of primordial follicles showed weak immunostaining for 

desmin whilst moderate desmin immunostaining was observed in the granulosa 

cells of previtellogenic follicles (Fig. 4.1). In the vitellogenic follicles, no 

immunoreactivity for desmin was observed in the granulosa cell layer. However, 

in these follicles moderate immunostaining for desmin was seen in the 

fibroblasts of the theca interna (Fig. 4.2).  

 

Strong vimentin immunostaining was observed in the granulosa cells of 

primordial and previtellogenic follicles (Fig. 4.3). However, granulosa cells of 

vitellogenic follicles showed weak immunoreactivity for vimentin. Thecal 

fibroblasts in early previtellogenic follicles were immunonegative for vimentin. 

Weak immunostaining for vimentin was observed in the fibroblasts of the theca 

interna and theca externa of vitellogenic follicles.  

 

Smooth muscle actin immunoreactivity was restricted to fibroblasts in the thecal 

layer of vitellogenic follicles (Fig. 4.4). However, most of the theca interna cells 

closest to the granulosa cell layer were immunonegative for smooth muscle 

actin (Fig. 4.4) 

 

4.3.2. Atretic follicles 
 
Atretic primordial and previtellogenic follicles were desmin immunonegative. 

Desmin immunostaining was observed in fibroblast-like cells, which infiltrated 

the oocytes of atretic vitellogenic follicles (fig. 4.5 & 4.6). In the advanced 

stages of type I atresia, desmin immunoreactivity was restricted to the blood 

vessel walls and stroma (fig. 4.7).   
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The granulosa cell layer of primordial and previtellogenic atretic follicles was 

moderately immunopositive for vimentin (fig. 4.8). In addition, fibroblast-like 

cells in the oocytes of atretic vitellogenic follicles displayed a positive 

immunostaining for vimentin (fig. 4.9). Weak immunostaining for vimentin was 

observed in the interstitial glands cells of atretic type II vitellogenic follicles (fig. 

4.10). 

      

Positive immunostaining for smooth muscle actin was observed in fibroblast-like 

cells in the theca interna of type I atretic vitellogenic follicles (Fig. 4.11). In 

addition, smooth muscle actin immunoreactivity was also demonstrated in 

fibroblast-like cells, which infiltrated the central regions of the type II atretic 

vitellogenic follicles (Fig. 4.12). 

 

4.3.3. Stroma 
 
Fibrocytes in the stromal connective tissue cords, as well as in the fibrous 

capsule of the ovary were immunopositive for smooth muscle actin. Weak 

vimentin immunostaining was observed in the stromal fibroblasts (fig. 4.3). 

Positive vimentin immunostaining was demonstrated in the endothelial cells of 

stromal blood vessels. In addition, strong immunostaining for desmin and 

smooth muscle actin was localized in the tunica media of these blood vessels 

(fig. 4.2 & 4.4). Fibroblasts in the stroma showed positive immunoreactivity for 

desmin. 
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4.4 Discussion  
 
In the present study, immunoreactivity for the intermediate filament proteins 

desmin, vimentin and smooth muscle actin was demonstrated in the ovary of 

the sexually immature ostrich. In addition, differences in the immunoreactivity of 

intermediate filament proteins, in healthy and atretic follicles, were revealed. 

The presence of desmin immunoreactivity in the granulosa cells of the immature 

ostrich correlated well with results of desmin immunostaining in the ovary of the 

rat (Albertini and Kravit, 1981). However, contrary to findings in the sheep 

(Marettova and Maretta, 2002) granulosa cells in healthy previtellogenic follicles 

of the sexually immature ostrich showed a moderate immunostaining for 

desmin. In the ovary of the sheep, desmin immunostaining was limited to a few 

cells in the granulosa layer, with a more pronounced immunoreactivity being 

observed in stromal fibroblasts and smooth muscle cells of blood vessels 

(Marettova and Maretta, 2002). Research on the primate ovary has shown the 

localization of desmin immunoreactivity in luteinized granulosa cells (Khan-

Dawood et al., 1996). Likewise, in the current study desmin immunoreactivity 

was observed in the interstitial gland cells of atretic follicles. In the present 

investigation interstitial glands cells were formed from granulosa and theca 

interna cells. 

  

Desmin was originally believed to be a muscle-specific protein occurring in 

skeletal, smooth and cardiac muscle. However, desmin immunoreactivity has 

been observed in several cell types, including fat storing cells (Ito cells) in the 

liver (Yokoi et al., 1984). Furthermore, desmin is also synthesized in endothelial 

cells. Although a report by Schroeder et al. (1985) has shown that granulosa 
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cells detach from thecal cells two hours before ovulation, more research is 

needed to ascertain the physiological function of desmin during ovulation. 

 

In addition to providing structural integrity to cells vimentin filaments are 

important during cellular morphogenesis (Helfand et al., 2003). In the present 

study vimentin filaments were localized in the granulosa cells and thecal 

fibroblasts of healthy late previtellogenic and vitellogenic follicles. However, 

immunostaining for vimentin in atretic follicles was weak to moderate. This 

observation suggests that as follicles undergo atresia vimentin filaments are 

dismantled.  

 

In the current study, smooth muscle actin immunoreactivity was consistently 

demonstrated in the theca externa fibroblasts of healthy vitellogenic follicles, as 

well as in the fibroblasts of connective tissue cords in the stroma. In addition, 

smooth muscle actin immunoreactivity was observed in the smooth muscle cells 

of blood vessels. These findings correlated well with observations made in the 

Japanese quail in which smooth muscle actin immunoreactivity was observed in 

the cells of theca interna and theca externa, as well as in vascular smooth 

muscle cells (Van Nassauw et al., 1989; Van Nassauw and Callebaut, 1991). 

Van Nassauw et al. (1992) have reported that thecal cells in the Japanese quail 

possess ultrastructural characteristics of smooth muscle cells. However, in the 

current study the cells exhibiting smooth muscle actin immunoreactivity 

appeared to be fibroblasts. Thecal fibroblasts have been shown to possess a 

contractile ability which is thought to be important during ovulation (Yoshimura 

et al., 1983). Further studies need to be conducted to ascertain the possible role 
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of smooth muscle actin filaments in the development of ovarian follicles in the 

sexually immature ostrich.  

 

In conclusion, the results of the present study have shown the occurrence of the 

intermediate filament proteins desmin, vimentin and smooth muscle actin in the 

ovarian tissue of the sexually immature ostrich. In addition, the results show that 

the distribution and immunostaining of the intermediate filaments changes 

during follicular growth and degeneration.   
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Table 4.1 

Summary of the immunohistochemical localization of vimentin, desmin and 

smooth muscle actin (SMA) in healthy ovarian follicles of the immature ostrich 

 

Follicle type           Follicular region     Desmin   Vimentin               SMA 

  

Primordial                   granulosa cell layer       +      +++   - 

 

Early previtellogenic    granulosa cell layer      ++      +++    - 

             Thecal fibroblasts     +++        -    - 

 

Late previtellogenic granulosa cell layer      ++      +++    - 

            Thecal fibroblasts     +++      ++    - 

  

Vitellogenic  granulosa cell layer       -      +    - 

            Fibroblasts (t.interna)      ++      +   + 

            Fibroblasts (t.externa)         -      +   ++ 

               

 

Intensities of immunostaining : -, absent; +, weak; ++, moderate; +++, strong 
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Table 4.2  

Summary of the immunohistochemical localization of the vimentin, desmin and 

smooth muscle actin (SMA) in atretic ovarian follicles of the immature ostrich. 

 

Follicle type     Follicular region         Desmin         Vimentin              SMA 

 

Primordial granulosa cell layer  -  ++   - 

 

Previtellogenic      granulosa cell layer  -           ++   - 

      Thecal fibroblasts             -              -   - 

 

Vitellogenic       granulosa cell layer   -   -   -  

(Type I)       Fibroblasts (t.interna)   -  -  - 

      Fibroblasts (t.externa)   -  -  - 

      Fibroblast-like cells           ++                   ++                 +++ 

      in oocyte        

 

Vitellogenic       Interstitial gland cells  +  +   -  

(Type II)       Fibroblast-like cells           ++                  ++                  +++ 

                              in oocyte    

            

 

Intensities of immunostaining : -, absent; +, weak; ++, moderate; +++, strong 
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4.6 List of figures 
 

 

Fig. 4.1. Healthy previtellogenic follicle showing a moderate immunostaining for 
desmin in the granulosa cells (g). Strong immunostaining is observed in the 
thecal fibroblasts (arrows). O: Oocyte. T: Thecal layer. 
 
 

 

Fig. 4.2. Healthy vitellogenic follicle. A moderate immunoreactivity for desmin is 
exhibited in fibroblasts (arrows) in the theca interna. In addition, desmin 
immunoreactivity is also observed in blood vessel walls (arrow heads) in the 
theca interna (i), theca externa (e) and connective tissue layer (Ct). Granulosa 
cells (g) were immunonegative for desmin. 
 
 

T 

g 

O 

100 µm 
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Fig. 4.3. Early previtellogenic follicle (healthy). Strong immunoreactivity for 
vimentin is seen in the granulosa cells (arrows). Cells in the stoma (S) and 
germinal epithelium (E) show weak immunostaining. 
 
 
 
 

 
 
Fig. 4.4. Healthy vitellogenic follicle. Fibroblasts (arrows) and blood vessels 
(arrow heads) in the theca externa (e) show positive immunostaining for smooth 
muscle actin. Fibroblasts adjacent to the basal lamina of the follicle were 
generally immunonegative for smooth muscle actin. O: oocyte.  
 
 
 
 
 

E 

100 µm  
S 
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Fig. 4.5. Atretic vitellogenic follicle. Fibroblast-like cells (arrows) demonstrate 
positive immunoreactivity for desmin. Note the presence of vacuolated theca 
interna cells (arrow heads) and a hyalinized theca externa (e). Asterisk: artifact 
 
 

 
 
Fig. 4.6. Vitellogenic follicle (advanced stage of type II atresia). Positive 
immunostaining for desmin is seen in fibroblast-like cells, which have infiltrated 
the oocyte (arrows). Moderate desmin immunostaining is also observed in the 
stroma (S), as well as in endothelial cells (arrow head) of the blood vessel (bv) 
shown. 
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Fig. 4.7. Atretic vitellogenic follicle (type I). Desmin immunoreactivity is present 
in the stroma (s) and in the blood vessel walls (bv). Arrow: germinal epithelium. 
Note that the entire follicle (F) is occupied by hyalinized connective tissue. 
 
 

 
 
Fig. 4.8. Atretic previtellogenic follicle. Multilayered granulosa cell layer (g) 
showing a moderate immunostaining for vimentin. Note the presence of strong 
immunostaining in the stroma (s). 
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Fig. 4.9. Atretic vitellogenic follicle (type I) displaying a hyalinized theca externa 
(e) and a shrunken oocyte (o). Positive immunoreactivity for vimentin is seen in 
fibroblast-like cells (arrows) within the oocyte (o).  
 
 

 
 
Fig. 4.10. Atretic vitellogenic follicle (type II). Vimentin immunoreactivity is seen 
in the interstitial gland cells (asterisks).  
 
 
 
 
 
 
 
 
 
 
 

e 

O 

100 µm  

100 µm  

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd,,  KKiimmaarroo  WW  HH  ((22000066))  


































































































