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ABSTRACT

The o r ig in s  o f the somatic c e l ls  o f the mammalian gonad are s t i l l  

c o n tro v e rs ia l . This h is to lo g ic a l  study was prompted by a lack o f 

information on th is  top ic  in marsupials. An attempt has been made to  

t ra c e  the  o r ig in s  o f  the b lastem a, granu losa c e l l s ,  p o ly o v u la r  

f o l l i c l e s  (POFs), i n t e r s t i t i a l  t issue  (IT) and the rete o v a r i i .

This study provides a descrip t ion  o f gonad development in mouse 

(e a r ly  stages o n ly )  and 3 macropod spec ies , namely: the tammar 

wallaby, the bettong and the potoroo.

I t  was found th a t  the b lastema in  both the mouse and the

macropods has a dual o r ig in .  While in mouse embryos i t  arises from the 

mesothelial and mesonephric tubule c e l ls ,  in the macropods studied i t  

derives from the mesothelium and the mesenchyme.

In c o n t r a d is t in c t io n  to  some e u th e r ia n s ,  in  the bettong and 

potoroo the granulosa c e l ls  derive from the medullary cords which have 

a blasternal o r ig in .

The ovaries o f the mouse, bettong and potoroo are s im ila r  in tha t 

they belong to  the type with immediate meiosis. Histochemical and

u lt ra s t ru c tu ra l  work supports th is  conclusion: c h a ra c te r is t ic a l ly  HSD 

enzyme was absent from potoroo and Bennett's wallaby ovaries at early 

stages o f development.

In the po toroo POFs a r is e  from is o la te d  oocytes becoming

surrounded by a common envelope o f granulosa c e l ls ,  while the IT 

derives from the medullary cords.

The mode o f development o f the re te  in the potoroo is s im ila r  to 

tha t reported fo r  some eutherians and a l l  marsupials investigated: i t  

forms from a condensation o f c e l ls  at the an te r io r  end of  the gonadal 

rudiment. The extent to  which i t  develops w ith in  the ovaries, however, 

varies in d i f fe re n t  marsupials.
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GENERAL INTRODUCTION
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1.1. OBJECTIVES

The general aims o f th is  study are as fo llow s:

1) To compare the process o f gonadal sexual d i f fe re n t ia t io n  and

oogenesis in eutherian and marsupial mammals.

2) To tack le  a number o f sp ec if ic  and s t i l l  unresolved problems

in mammalian gonadogenesis.

To achieve the f i r s t  ob jective  the mouse has been chosen as the 

representative eutherian and gonadogenesis in th is  species is compared 

with tha t in three macropod marsupials, namely the tammar wallaby 

(Macropus euoenii) ,  the bettong (Bettonoia oaimardi) and the potoroo 

(Potorous t r id a c tv lu s ) .

In o rd e r to  base the comparison on f i r s t - h a n d  experience 

gonadogenesis in the mouse has been re-examined at both the l ig h t  and 

electron microscopic leve ls.

The accounts o f ovary development in the bettong and the potoroo 

are here given fo r  the f i r s t  time. In the la t t e r  species th is  includes 

also, a histochemical and q uan t ita t ive  study.

Regarding the second ob jec tive , the p ro jec t seeks to throw l ig h t  

on the fo llow ing  problems and events:

i )  The o r ig in  o f the gonadal blastema, 

i i )  The o r ig in  o f the f o l l i c l e  ce l ls  (granulosa c e l ls ) .

i i i )  The o r ig in  and possible ro le  o f the i n t e r s t i t i a l  gland tissue

which occurs in abundance in potoroo ovaries but is not 

found in a l l  mammals.

i v ) The mode o f formation, fa te  and possible s ign ificance o f the

polyovular f o l l i c le s  which likew ise do not occur in a l l  

mammalian species but are found in large numbers in the 

immature ovaries of the potoroo.

v) The presence and time o f appearance o f steroid dehydrogenase

2



enzyme ( A5,  3^ HSD) in the marsupial ovaries. This enzyme 

p lays a v i t a l  ro le  in  the b io syn th e s is  o f  sex s te ro id  

hormones.

v i ) The co rre la t ion  between the histochemical and u lt ra s tru c tu ra l  

f in d in g s .

v i i )  Wartenberg (1983) postulates tha t in the rabb it an in te rac t ion  

between the darkly stained mesonephric ce l ls  and the l ig h t  

mesothelial ce l ls  in i t ia te s  gonadal development as well as 

sex d i f fe re n t ia t io n .  Although he did not study the very 

early  stages o f gonadal development in mouse embryos, he 

suggests tha t a s im ila r  s i tu a t io n  to tha t in the rabb it 

prevails  in the mouse. Since such observations have not been 

reported fo r  the mouse, an inves t iga tion  o f the relevant 

stages o f  gonadogenesis to  te s t  t h i s  hypothesis  is  

j u s t i f ie d .

1.2. FORMATION OF JHE GONADAL RUDIMENT

. The study of gonad development in mammals goes back as fa r  as 

1870 when Waldeyer published his monograph on mammalian oogenesis. 

Most o f the studies on gonadal d i f fe re n t ia t io n  have been on eutherians 

(mouse: Simkins, 1923; Brambell, 1927; Upadhyay et a h ,  1979 & 1981; 

ra t :  Simkins, 1923; Torrey, 1945; Mittwoch et a].., 1969; Jost, 1973; 

Merchant, 1975; rab b it :  Van Winiwarter, 1900; Gruenwald, 1942; sheep: 

Zamboni et a h ,  1981). As fa r  as the marsupials are concerned, the 

development o f  the gonad has been reported  in f i v e  species o f 

marsupials (Tyndale-Biscoe & Renfree, 1987): Pi del phis v irq in ia n a : 

Moore, 1939; Morgan, 1943; Dasvurus v iv e r r in u s : Fraser, 1919; Ullmann, 

1984b; Perameles nasuta & Isoodon macrourus: Ullmann, 1981a; and 

Macropus euaenii: Alcorn, 1975.

Even though the morphological events o f gonadal d i f fe re n t ia t io n

3



in  mammals have been the  s u b je c t  o f  numerous s tu d ie s ,  im portant 

aspects o f the process remain to  be e lucidated.

1.2.1. Primordial Germ Cel Is

The in d i f fe re n t  gonad consists o f germ c e l ls  and blastema ce lls  

invested by mesothelium (coelomic ep ithe lium ).

The o r ig in  and ea r ly  development o f the primordia l germ ce lls  

(PGCs) in mammals have been the subject o f in te re s t and controversy 

fo r  a considerable period o f time. According to  Waldeyer (1870) the 

mesothelium gives r is e  to  the PGCs, a view which predominated fo r  many 

years (Kingery, 1917; Simkins, 1923 & 1928; H a rg i t t ,  1926; Brambell, 

1927). On the other hand, Weismann (1885) maintained tha t the PGCs had 

an extragonadal o r ig in .  Weismann7s idea subsequently found support in 

both experimental (Everett, 1943; Mintz, 1957) and histochemical 

studies (McKay et a l . ,  1953; Chiquoine, 1954).

I t  is  now w e ll  e s ta b l is h e d  th a t  the PGCs o f most mammalian 

embryos have an extragonadal o r ig in  (Zuckerman & Baker, 1977). 

However, the exact s i te  o f th e i r  formation is s t i l l  not known (Wylie 

et a l . ,  1986). Some inves t iga to rs  report tha t the PGCs are f i r s t  seen 

in the yolk sac endoderm (Everett, 1943; W itschi, 1948; McKay et a l . ,  

1953; Chiquoine, 1954; Mintz, 1957; Franchi &Mandl, 1962; Jost, 1973; 

Guraya, 1977; Byskov, 1986). Recent experiments suggest that the PGCs 

derive from the ectoderm near the p os te r io r  end o f the p r im it ive  

streak (Wylie et a l . ,  1986).

From th e i r  s i te  o f o r ig in  the PGCs migrate along the hindgut, up 

the dorsa l mesentery; from th e re  they pass l a t e r a l l y ,  in the 

mesenchyme, to the region o f the presumptive gonads. The mechanism 

involved in th e i r  trans loca tion  is  not yet known (Byskov, 1981; Wylie, 

1981). Two ideas have been suggested in the l i te ra tu re  -  namely active 

amoeboid movement (W itschi, 1943; Blandau et a l . ,  1963; Zamboni &



Merchant, 1973; Spiegelman & Benne tt,  1973; C la rk  & Eddy, 1975; 

Fujimotto e t a l.., 1977) and passive movement by t issue in which the 

PGCs are embedded (Jeon & Kennedy, 1972).

W itsch i (1943) b e lie ves  th a t  the PGCs are a t t ra c te d  to  the 

pu ta tive  gonads by chemotaxis though he presents l i t t l e  evidence fo r  

i t .  Recently i t  has been suggested, from experiments on amphibia, tha t 

the substrate plays an important ro le  in the migration of PGCs (Wylie 

et al.., 1986). These authors propose tha t chemotaxis is a mechanism 

which imposes d i r e c t io n a l i t y  and p o la r i ty  on migrating anuran PGCs.

The morphological ch a rac te r is t ics  o f PGCs in mammals have been 

described in  the  mouse (B ram be ll,  1927; Chiquoine, 1954; Odor & 

Blandau, 1969; Zamboni & Merchant, 1973; Clark & Eddy, 1975), ra t  

(Eddy, 1974; Merchant, 1975), pig (P e ll in ie m i,  1975), tammar wallaby 

(Alcorn, 1975), bandicoot (Ullmann, 1981b) and man (Gondos & Hobel, 

1971; Kellokumpu-Lehtinen & Soderstrom, 1978).

Several c r i t e r ia ,  both morphological and histochemical, have been 

used by inves t iga to rs  to id e n t i fy  the migrating PGCs. Such PGCs are 

described as being larger than the surrounding somatic c e l ls ,  w ith 

la rg e  v e s ic u la r  n u c le i and severa l prominent n u c le o l i .  In some 

mammalian species the nuc lea r envelope is  ch a rac te r ise d  by the 

presence o f a rim o f heterochromatin (mouse: Clark & Eddy, 1975; 

tammar wallaby: Alcorn, 1975; bandicoot: Ullmann, 1981b) but th is  

arrangement o f the heterochromatin disappears once the PGCs become 

se tt le d  in the gonadal ridges. On the other hand, several studies on 

rodent PGCs ( r a t :  Eddy, 1974; mouse: Merchant & Zamboni, 1973; 

Spiegelman & Bennett, 1973) d id  not reveal the presence o f t h i s  

feature.

The presence o f a lka line  phosphatase has been used as a marker 

fo r  d is t ingu ish ing  the PGCs from the surrounding tissues in mouse 

(Chiquoine, 1954) and human embryos (McKay et a l . ,  1953). However, the



PGCs lose such enzyme a c t iv i t y  upon a rr iv a l  in the gonadal ridges.

Alcorn (1975) working on the tammar wallaby, sexed his early 

embryos and was able to  d is t ingu ish  gene tica lly  between the males and 

females. He observed th a t the migratory female and male PGCs showed 

sexual dimorphism in the arrangement of th e i r  nucleolus-associated 

heterochromatin. Alcorn (1975) states tha t the nucleolus of some of 

the female PGCs is  characterised by the presence o f a large, cap-like , 

darkly sta in ing  heterochromatin body concentrated around one pole of 

the nucleolus, a feature lacking in male PGCs. In the la t te r ,  there 

are a number o f  small p e r in u c le o la r  masses o f  he te roch ro m a tin . 

However, A lcorn  (1975) f a i le d  to  f in d  the n u c le o lu s -a sso c ia te d  

heterochrom atin  in  some female PGCs (presumably due to  the 

unfavourable plane o f section ing). A fte r the completion of migration, 

th is  ch a ra c te r is t ic  arrangement disappears from the female PGCs and a 

s im i la r  arrangement to  th a t  o f  the male he te rochrom atin  becomes 

established.

In both eutherians (Zamboni & Merchant, 1973) and marsupials 

(Alcorn, 1975; Ullmann, 1981b) the PGCs have been observed to undergo 

mitosis during m igration.

Several c r i t e r ia  such as the shape o f mitochondria, Golgi complex 

and endoplasmic reticu lum (ER) have also been used to d is t ingu ish the 

PGCs from o th e r  c e l l  types . The PGCs possess la rge  numbers o f  

ribosomes, a few spherical mitochondria with a few c r is tae  and a well 

developed Golgi body; the la t te r  consists o f one or two stacks of 

pa ra l le l f la ttened  cisternae. Authors give divergent descriptions of 

the ER in migrating PGCs. According to Jeon & Kennedy (1973) the rough 

ER is abundant. Zamboni & Merchant (1973) s ta te tha t i t  consists of 

long and branching cisternae, while Spiegelman & Bennett (1973) f ind  

only a few p ro f i le s  o f granular ER in the form of short f la ttened
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cisternae.

The struc ture  o f PGCs at the settlement stage is  much simpler 

than during the migratory phase (Zamboni & Merchant, 1973; Clark & 

Eddy, 1975). The organelles, which were present during the migratory 

period and were presumably involved in metabolic exchange between the 

germ c e l ls  and the surrounding t issues, have decreased in number or 

disappeared a ltoge ther. For instance, the ER decreases in amount 

(Zamboni & Merchant, 1973).

In bandicoots, the PGCs possess a few rounded mitochondria with 

t ra nsve rse  c r is ta e ,  s ca tte re d  Golgi e lements, smooth and coated 

vesic les; the smooth ves ic le  may contain an electron opaque substance 

(Ullmann, 1981b). The PGCs in the bandicoot (Ullmann, 1981b) were 

found to be less e lectron dense than in the mouse (Clark & Eddy, 

1975).

Several o th e r  in c lu s io n s  are a lso described in  the PGCs. 

Membrane-bound electron dense bodies or "granules" or "ves ic les", 

e ith e r  s ing ly  or in groups, are observed in the PGCs o f d i f fe re n t  

species (mouse: Odor & Blandau, 1969; Zamboni & Merchant, 1973; Clark 

& Eddy, 1975; ra t :  Eddy, 1974; pig: P e llin iem i, 1975; bandicoot: 

Ullmann, 1981b). The nature and s ign if icance of these dense bodies is 

s t i l l  unknown, though i t  has been suggested tha t they may play a role 

in the meiotic process, as i t  was found that th e i r  number in the PGCs 

changes before, during and a f te r  the beginning o f meiosis (Byskov et 

a l * » unpublished observations, from Byskov, 1986). Although these 

bodies were not detected in other ce l l  types in the mouse (Clark & 

Eddy, 1973; Jeon & Kennedy, 1973), th e i r  presence was not res tr ic te d  

to the PGCs in bandicoots, where Ullmann (1981b) observed s im ila r  

s tructures also in the somatic ce l ls  o f the gonadal ridges.

Another cytoplasmic inc lus ion , the nuage, which is considered to 

be unique to  PGCs is  found in the ra t  (Eddy, 1974) and man
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(K e l1okumpu-Lehtinen & Soderstrom, 1978; Gondos & Hobel, 1971; 

Szollosi et a l* .  1972). The nuage consists o f a spherical mass of 

f ib ro u s  o r g ra n u la r  m a te r ia l  and is  c lo s e ly  associated w ith  the 

mitochondria or the nucleus (Kellokumpu-Lehtinen & Soderstrom, 1978).

In 1892 Weisman put forward a hypothesis now known as the Germ 

Plasm Theory which s ta te s  th a t  germ plasm located in  the egg 

determines the germ c e l l  l in ea ge . The germ c e l l  s p e c i f ic  p o la r  

granules o f dipteran insects and the germ plasm of anuran amphibians 

are known to contain RNA (Eddy, 1975). The nuage in mammals is s im ila r  

to these inclusions (Wylie et a l* .  1986), a l l  of which have been 

considered to  be germ c e l l  de te rm inan t (Kel lokum pu-Lehtin in  & 

Soderstrom, 1978). Wylie et aj_. (1986), however, throw doubt on th is  

in te rp re ta t io n .  They state that recent experiments on the mouse and 

ra t were performed in order to id e n t i fy  germ-line spec if ic  antigen 

markers in or on the surface of PGCs. These experiments were done to 

determine the time when PGC-specific molecules appear and to trace the 

o r ig in  o f the PGCs. I t  was concluded from these studies that a close 

re la t ionsh ip  ex is ts  between some teratocarcinoma ce lls  and migrating 

PGCs. The l a t t e r  were found to  rea c t w ith  several monoclonal 

antibodies tha t were raised against teratocarcinoma and embryonal 

carcinoma c e l ls .  Wylie et £L (1986) s ta te  that several antibodies 

react w ith many ce lls  in the early  embryo, disappear during the post­

im p la n ta t io n  stage and are re-expressed on PGCs during t h e i r  

m igration.

A recen t s u rp r is in g  observa tion  has been the presence o f 

rudimentary c i l i a  in the PGCs of fe ta l  pig gonads (Byskov et a l . ,  

unpublished observations -  quoted from Byskov, 1986).

Although the PGCs are found in the v ic in i t y  o f the mesothelial 

c e l ls ,  they are not intermingled with them (Everett, 1943; Chiquoine,



1954; Zamboni & Merchant, 1973).

There are con trad ic to ry  views as to  the necessity o f the PGCs fo r  

the in i t ia t io n  o f gonadal ridge development. Some authors claim that

the formation o f gonadal ridges is independent o f PGCs (Merchant,

1975; Ullmann, 1981b). Others hold th a t  the presence o f  PGCs is  

necessary fo r  the development o f the gonad (Ohno, 1967; Alcorn, 1975).

Merchant (1975), working on ra t  embryos, elim inated the PGCs 

before they reached the gonadal ridges using a drug ca lled Busulphan. 

Although he states tha t h is method does not resu lt in the degeneration 

o f a l l  PGCs before th e i r  a r r iv a l  in the gonadal ridges, he believes 

that the formation o f the gonad can occur in the absence o f PGCs or 

with only a few o f them. Moreover, i t  was found tha t in bandicoots the 

gonadal ridges develop before the a r r iv a l  o f the PGCs and i t  was 

therefore concluded tha t th e i r  formation was independent o f PGCs 

(Ullmann, 1981b).

On the other hand i t  is  reported tha t in the tammar wallaby the

a rr iva l o f PGCs in the v i c in i t y  o f the mesothelium, between the dorsal

mesentery and the mesonephroi, in i t ia te s  the development o f the gonad 

and the p ro l i fe ra t io n  o f the blastema (Alcorn, 1975).

1.2.2. IHE BLASTEMA

The exact o r ig in  o f the blastema is  s t i l l  at present a top ic  of 

controversy (Upadhyay et a l . ,  1979; Ullmann, 1981a; Wartenberg, 1981; 

Byskov, 1986). Some authors (A llen, 1904; Kingery, 1917; Brambell, 

1927; Everett, 1943; Bookhout, 1945) derive i t  from the mesothelium of 

the gonadal r id g e s ,  o the rs  from the mesonephroi (Byskov, 1973; 

Upadhyay et a l . , 1979; Zamboni et a l . ,  1979 & 1981). The gonadal 

blastema has also been a ttr ib u te d  a dual o r ig in ,  from the mesothelial 

and mesonephric c e l ls  (Gruenwald, 1942; Torry, 1945; Witschi, 1951; 

Merchant, 1979; P e ll in iem i, 1975, 1979; Byskov, 1982; Wartenberg,
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1983). A l l  o f the above studies are on eutherian mammals; the only 

observations on the o r ig in  o f the blastema in marsupials are those of 

Alcorn (1975) and Ullmann (1981a, 1984b) fo r  the tammar wallaby, the 

bandicoots and the native cat respective ly .

Some in v e s t ig a to r s ,  who hold the f i r s t  v iew , describe  the 

fo rm ation  o f  the blastema to  be a r e s u l t  o f  a s in g le  continuous 

p ro l i fe ra t io n  o f the mesothelium in the form of i r re g u la r  masses of 

ce l ls  (Kingery, 1917; Brambell, 1927).

The mesonephros is  the second consecutive kidney to  appear in 

vertebrate development. I t  arises poste r io r to  the pronephros and 

becomes the functional kidney o f adult anamniotes. In amniotes i t  

degenerates, except f o r  a p a r t  connected to  the te s te s ,  and is  

replaced by the metanephros as the functional kidney in the adu lt. In 

some species, fo r  instance the mouse, the mesonephroi are rudimentary 

and lack glomeruli; while in others, as in the ra b b it ,  sheep, pig and 

human, they are well developed and f u l l y  functional during fe ta l 

development. I t  has been suggested that the mesonephroi contr ibu te  to 

the formation of the gonadal blastema, ir respec tive  of th e i r  own 

d i f fe re n t ia t io n  and functiona l state (Wartenberg, 1981). This author 

believes tha t the mesonephroi pa r t ic ip a te  in gonadal development by 

segregating ce l ls  e ith e r  from the intermediate mesoderm, the blastema 

of the nephrogenic cords or from the developing malpighian corpuscles.

Upadhyay et al_. (1979, 1981), working on mouse embryos, believe 

in the mesonephric o r ig in  o f the blastema. They state tha t owing to 

the rudimentary organization and lack of conventional g lomeruli, the 

mesonephroi appear hardly capable of any excretory a c t iv i t y  and that 

they are involved in gonadal development immediately upon a tta in ing  

th e ir  highest degree of d i f fe re n t ia t io n ,  at eleven days o f fe ta l  l i f e .  

They found th a t  the blastema c e l ls  de r ive  from the ve n tra l  

terminations of the mesonephric tubules at regions where the basal
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lamina becomes discontinous or is  completely lacking.

Added support fo r  a mesonephric o r ig in  o f the blastema ce lls  is 

given by the presence o f m ito t ic  a c t iv i t y  w ith in  the mesonephric 

tubules and w ith in  the c e l ls  derived from them. Moreover, according to 

Upadhyay et a l .  (1979), the mesonephric c e l ls  which are involved in 

t h is  m ig ra t io n  from the  w a ll  o f  the mesonephric tubu les  are

characterized by the presence o f numerous pleomorphic lysosome-1ike 

bodies. They suggest tha t these organelles are probably required fo r  

the enzymatic d ig e s t io n  o f  the basal lamina o f  the mesonephric 

tubules. Further support fo r  Upadhyay et a h s  (1979) b e l ie f  comes from 

u lt ra s tru c tu ra l  observations which show a s im i la r i t y  between the 

somatic c e l ls  o f the gonads and the mesonephric c e l ls  present in the 

terminal segments o f the mesonephric tubules. In both there is a 

decreased a f f i n i t y  f o r  t o lu id in e  b lue , the n u c le i  are la rge  and 

id e n t ica l,  while the cytoplasm contains large numbers o f small, rod 

shaped, dense mitochondria. This configuration o f the mitochondria in 

the cytoplasm of the mesonephric ce l ls  in the terminal segments of the 

tubules, located ju s t  dorsal to the gonadal r idges, d if fe re d  from

those of the more dorsal segments (Upadhyay et a].., 1979).

Upadhyay et a h  (1979) f ind  no evidence fo r  a mesothelial ce ll

con tr ibu tion  to the gonadal ridges.

In his descrip tion  o f gonadal d i f fe re n t ia t io n  in mouse embryos, 

Wartenberg (1981) s ta te s  th a t  the S-shaped mesonephric tubu les  

represent the most advanced stages o f  nephrogenic development. 

According to him, some of the mesonephric ce l ls  which are darkly 

stained, f ib ro b la s t - l ik e  in shape and contain lysosomal granules, may 

also be traced in to  the gonadal ridge blastema.

Greenwald (1942) believes in the dual o r ig in  o f the blastema. 

According to him the mesothelium lacks a basement membrane, with no



l ine  o f demarcation between i t  and the underlying t issue . Witschi 

(1951) holds the same view and re p o r ts  th a t  the  embryonic gonad 

con s is ts  o f  an o u te r  la y e r ,  the co r tex  and an in n e r  la y e r ,  the 

medulla. He proposes tha t the cortex derives from the mesothelium, 

while the medulla has a mesonephric o r ig in .

The above investiga to rs  report on the o r ig in  o f the blastema 

c e lls  in species having rudimentary mesonephroi. Other studies are 

available in the l i t e ra tu re  describing the formation o f the blastema 

in species having prominent w e ll  developed mesonephroi (tammar 

wallaby: Alcorn, 1975; p ig : Pel 1in ie m i, 1976; sheep: Zamboni et a l . ,  

1979, 1981).

Pellin iem i (1976), working on pig embryos, d istinguished two 

regions w ith in  the gonadal blastema: the outer pa r t ,  consisting of 

p r im it ive  cords, and a central region designated as the blastema 

proper. The former is continuous with the mesothelium. On the other 

hand, the blastema proper consists of i r re g u la r ly  organized c e l ls .  The 

ou te r reg ion  is  be lieved  to  have a m e so th e l ia l  o r ig in  w h i le  the 

blastema proper has been a ttr ibu ted  a dual o r ig in ,  from mesothelial 

and mesenchymal c e l ls .

Pellin iem i (1976) presents evidence to support the mesothelial 

o r ig in  of the outer region. He observed tha t the mesothelial basement 

membrane is continuous with the cords except in the deepest layer 

where the cord pattern disappears. Moreover, th is  author holds tha t an 

increase in ce ll  height is the f i r s t  morphological sign o f a s ta r t in g  

e p i t h e l ia l  d i f f e r e n t i a t i o n .  From the observa t io n  o f  columnar 

mesothelial ce l ls  being very active in m itos is , Pellin iem i (1975) 

concludes tha t these ce l ls  contr ibu te  to the formation o f the gonadal 

blastema. Further support fo r  a mesothelial o r ig in  comes from the 

morphological resemblance between the m e so th e l ia l  c e l l s  and the 

blastema (accord ing to  him the p r im i t iv e  cords and the blastema
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proper).

Zamboni e t al_. (1979, 1981) suggest th a t  the g ia n t  nephron, 

s ituated in the proximal region o f the mesonephros pa rt ic ipa tes  in the 

development o f the blastema in the sheep. In th is  species, the caudal 

h a lf  o f each mesonephros consists o f nephrons while the crania l ha lf 

is e n t i re ly  occupied by a s ingle nephron and numerous tubules. The 

giant nephron is  located dorsal to the gonadal ridge.

Zamboni et. al_. (1979) d is t in g u is h  two kinds o f c e l l s ,  the 

mesanglial and e p ith e l ia l  c e l ls ,  which leave the g iant glomerulus fo r  

the gonadal ridges. They postulate active  amoeboid movement of the 

mesonephric ce l ls  in reaching the gonadal rudiment. These authors f ind  

that these migrating ce l ls  show i r re g u la r  p ro f i le s  and have numerous

pseudopodia. During th e i r  migration to  the gonadal ridges, these

mesonephric ce l ls  grouped together to form c lus te rs . Later on, at the 

settlement stage, they are randomly dispersed and become closely 

associated with the PGCs.

Zamboni et al_. (1981) report tha t the caudal nephrons undergo

regression while the g iant glomerulus loses i t s  Bowman's capsule. 

Subsequently, the glomerular ce l ls  o f th is  g iant nephron segregate and 

move ve n tra l ly  in to  the gonadal ridges where they m u lt ip ly ,  forming 

the gonadal blastema.

The blastema has been derived from mesonephric mesenchymal ce lls  

in several species of marsupials (opossum: Fraser, 1919; brush-ta iled 

possum: Fraser, 1919; bandicoot: Fraser, 1919; Ullmann, 1981a; native 

cat: Fraser, 1919; Ullmann, 1984b; tammar wallaby: Alcorn, 1975). In

the bandicoot, however, Ullmann (1981a) reports tha t the mesothelium 

also contributes to blastema ce lls  formation.

In the tammar wallaby, Alcorn (1975) reports that mesenchymal 

ce lls  migrate from the ventral margin o f the mesonephros, close to the
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mesonephric g lomeru li. He states tha t the mesenchymal ce l ls  migrate 

across the gonadal ridges below the mesothelium and when they d iv ide 

they produce condensed c e ll  cords (the centra l somatic blastema). The 

blastemal core is  f i r s t  formed a n te r io r l y  and i t s  o rg an iza t ion  

proceeds p o s te r io r ly .  According to him the blastema ce lls  are small, 

variable in shape from ovoid to elongate with eos inophil ic  cytoplasm. 

Their nuclei are small, occasionally dumb-bell shaped, the nucleolar 

chromatin is  granular, while the nuclei are small, prominent and 

subcentric. Although Alcorn (1975) states tha t the f i r s t  sign of 

gonadal ridge development was an increase o f height in the more or 

less cuboidal ce l ls  o f the mesothelium, he found no contr ibu tion  from 

th is  source to the central somatic blastema.

Wartenberg (1981, 1983) discusses the problem of somatic ce ll  

o r ig ins  by comparing development in d i f fe re n t  mammalian species. He 

distinguishes two c e ll  types on the basis o f s ta in ing  properties in 

the gonadal blastema o f the rabbit (his l ig h t  and dark c e l ls ) .  He 

takes th is  as h is  basis f o r  a b e l i e f  in  the dual o r ig in  o f the 

blastema, from mesothelial and mesonephric c e l ls .

According to Wartenberg (1983), the two c e ll  types which are 

be lieved to  c o n s t i tu te  the gonadal b lastema, th a t  is  the dark 

mesonephric ce l ls  and the l ig h t  mesothelial c e l ls ,  not only have 

d if fe re n t  o r ig ins  but d i f fe re n t  functions. He proposes that these two 

c e l ls  have d i f f e r e n t  e f fe c ts  on the PGCs. He s ta tes  th a t  the 

mesonephric c e l l s  s t im u la te  both the m i t o t i c  and the m e io t ic  

a c t i v i t i e s  o f  the PGCs. In c o n t ra s t ,  the m eso the lia l c e l l s  are 

postulated to in h ib i t  the m ito t ic  and the meiotic a c t iv i t ie s  o f the 

PGCs.
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1.3. GONADAL SEXUAL DIFFERENTIATION

The i n d i f f e r e n t  gonads form on each s ide  between the dorsal 

mesentery and the mesonephroi. Previous authors have recognized two 

regions in the developing gonads o f mammals, an outer zone, the cortex 

and an inner zone, the medulla.

There is  no unanimity in the l i t e r a tu r e  regarding the process o f 

sexual d i f fe re n t ia t io n  o f the gonads. Several theories have been 

proposed: the f i r s t  one suggests th a t  the p r o l i f e r a t i o n  o f the 

mesothelium o f the gonads, forming the sex cords, resu lts  in gonadal 

se xua l d i f f e r e n t i a t i o n  ( B ra m b e l l ,  1 9 27 ). F u r th e rm o re ,  th e  

d i f fe re n t ia t io n  o f the testes involves the regression o f the cords in 

the c o r te x  and the p e rs is ten ce  o f  the m edu lla ry  ones, w h ile  the 

reverse process characterizes ovarian development.

A second th eo ry  put fo rw ard  by W itsch i (1931), po s tu la tes  

cortico-m edu lla ry  antagonism to account fo r  sexual d i f fe re n t ia t io n .  He 

suggests th a t the cortex derives from the mesothelium and produces a 

substance c a l le d  c o r te x in  w h i le  the  medulla o r ig in a te s  from the 

mesonephros and secretes medullarin. In the presumptive female the 

cortexin  in h ib i t s  the development o f the medulla and stimulates the 

development o f the cortex. Medullarin, on the other hand, stimulates 

the development o f the medulla and causes regression o f the cortex in 

the genetic male.

A t h i r d  the o ry  p o s tu la te s  th a t  sexual d i f f e r e n t ia t i o n  might 

depend on the inductive influence exerted by mesonephric structures 

(Alcorn, 1975; Merchant-Larios, 1979; Upadhyay et a].., 1979; Zamboni 

et a l . ,  1979; Byskov, 1986).

Yet another explanation fo r  gonadal sexual d i f fe re n t ia t io n  has 

been suggested by Wartenberg (1981, 1983). As has been mentioned

before, th is  author believes in the dual o r ig in  of the blastema, from
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th e  m e so th e l iu m  and th e  m e se no p h ro i.  He p roposes  t h a t  sex

d if fe re n t ia t io n  o f  the gonads is  based on the c e l lu la r  in te raction

between these d i f fe re n t  c e l l  types (see Discussion -  Chapter 2).

In eutherian and metatherian mammals, the in d i f fe re n t  gonads 

become sexually recognizable when the testes s ta r t  to  d i f fe re n t ia te  in 

genetic males (Jost, 1970; Tyndale-Biscoe & Renfree, 1987).

I t  was observed th a t  the d i f f e r e n t i a t i o n  o f  the in d i f f e r e n t  

gonads in to  testes appears to occur as a re su lt  o f au to d if fe ren t ia t io n  

o f the blastema c e l ls  (Jost et a h ,  1973; Ullmann, 1981a). In the ra t 

fo r  instance, the d i f fe re n t ia t io n  o f the in d i f fe re n t  gonads in to

testes occurs suddenly, with the puta tive  S e rto l i  c e l ls  swelling and 

th e i r  cytoplasm c lea r ing . They then become associated with each other, 

enclosing the germ c e l ls  to  form the primary sex cords.

In the b a n d ico o ts , the p rim ary sex cords in the t e s t i s  

d i f fe re n t ia te  randomly and are secondarily displaced to  a peripheral 

p o s i t io n  where they  form a coherent zone j u s t  below the tu n ica  

albuginea (Ullmann, 1981a).

The d i f fe re n t ia t io n  of the gonad in the genetic female occurs 

somewhat la te r .

1.3.1. DIFFERENTIATION OF THE OVARY

Ovary development has been s tud ied  in severa l species o f

eutherian mammals (mouse: Kingery, 1917; Brambell, 1927; Peters, 1967 

& 1969; Odor & Blandau, 1969; Upadhyay et a].., 1979; Zamboni et al_*> 

1979; ra t :  Cowperthwaite, 1925; Torrey, 1945; hamster: Greenwald & 

Peppier, 1968; Weakly, 1967; r a b b i t :  A l le n ,  1904; Peters, 1965; 

Gondos, 1969; Gondos & Zamboni, 1969; Deanesly, 1975; sheep: Zamboni, 

1979; p ig :  A l le n ,  1904; Bookhout, 1945; Black & E rickson , 1965; 

Pe ll in iem i, 1975b; guinea pig: Deanesly, 1975; c a t t le :  Ohno & Smith, 

1963 & 1964; Erickson, 1966; human: Ohno & Smith, 1965; Pe llin iem i,
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1979; Baker & Scrimgeour, 1980; Motta & Makabe, 1982). Only a few 

studies are ava ilab le  on ovarian development in marsupials (opossum: 

Nelson & Swain, 1942; Morgan, 1943; tammar wallaby: Alcorn, 1975; 

bandicoot: Ullmann, 1981b).

In the presumptive ovary, the PGCs enter m ito t ic  d iv is ion  and are 

then called oogonia. A fte r  ceasing d iv is io n ,  the oogonia enter meiosis 

and become oocytes (Byskov, 1981).

The basic event a f te r  female sex d i f fe re n t ia t io n  is  the onset o f 

meiosis (Wartenberg, 1981). The stage o f development at which meiosis 

s ta r ts  in the pu ta tive  ovaries is  species dependent (Grinsted, 1981; 

Wartenberg, 1981).

In those species w ith  immediate m e io s is , the oogonia e n te r  

meiosis s im u lta n e o u s ly  or s h o r t l y  a f t e r  the onset o f sexual 

d i f fe re n t ia t io n ,  as in the case o f the mouse, ra t  and man (Byskov, 

1984; 1986). Before and at the time when meiosis s ta r ts ,  the ovaries 

o f  these species are compact organs c o n s is t in g  o f  u n ifo rm ly  

d is tr ib u te d  germinal and blasternal c e l ls .

On the other hand, in species w ith delayed meiosis a long period 

separates gonadal sex d i f fe re n t ia t io n  from the onset o f meiosis, as in 

the case o f the p ig , cow and sheep (Hoyer et a K ,  1981). In these 

species, morphological gonadal sex d i f fe re n t ia t io n  precedes the onset 

o f meiosis in the ovary. That is  to  say, before meiosis s ta rts  the 

female germ c e l ls  become enclosed in c e l l  nests resembling te s t ic u la r  

cords (Grinsted, 1981). However, the female sex cords d i f f e r  from the 

la t te r  by being la rger and less organized.

I t  is  believed tha t the onset o f meiosis depends on the re la t iv e  

concentration o f  two postulated d if fu sa b le  substances, a meiosis 

inducing substance (MIS) and a meiosis preventing substance (MPS). I t  

is suggested tha t the in i t i a t io n  o f meiosis is tr iggered by a MIS 

which is secreted by the mesonephroi or th e i r  deriva tives. On the
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other hand, i t  is  also held tha t meiosis does not proceed in the cord 

enclosed germ c e l ls ,  due to  the action of MPS present w ith in  the cords 

(Byskov, 1981).

The chemical nature o f MIS and MPS is  not known. However, they 

are u n l ik e ly  to  be s te ro ids , since application  o f  d i f fe re n t  steroids 

to  the deve lop ing  gonads d id  not induce o r  p reven t the onset o f  

meiosis in the prospective males and females respective ly  (Byskov, 

1981). Baker and Neal (1973) observed th a t oogonia enter meiotic 

prophase in the absence o f gonadotrophic hormones.

The two k inds o f  ovarian  development ( th a t  i s ,  undergoing 

immediate or delayed meiosis) deviate not only in the time of the 

onset o f meiosis but also in the time at which sex s te ro id  synthesis 

begins (G r in s te d ,  1981). While no s i g n i f i c a n t  sex s te ro id s  are 

produced by the newly d if fe re n t ia te d  ovaries which are characterized 

by immediate meiosis, high amounts of oestrogens are secreted by those 

with delayed meiosis (Grinsted, 1981) (see Chapter 4).

By the end o f meiotic prophase, the oocytes are enclosed by the 

adjacent somatic c e l ls  (the puta tive  granulosa or f o l l i c l e  ce lls )  to 

form f o l l i c l e s .

1.3.1.1. The re te  system

The presence o f c e l lu la r  cords and tubules extending between the 

mesonephroi and the developing ovaries has been reported as early as 

1870 (Waldeyer, quoted by Upadhyay et a l * » 1979). These cords and 

tubules co n s t i tu te  the so-called rete system. In eutherian mammals, 

some inves t iga to rs  derive these cords from the mesothelium (Allen, 

1904; F e l ix ,  1912; Morgan, 1943), o thers  from the mesonophroi 

(Kingery, 1917; Byskov & Lintern-Moore, 1973; Stein & Anderson, 1979).

In marsupials, the rete has been derived from the core of ce lls  

s ituated w ith in  the ridge in f ro n t of the gonad rudiment (brush-tailed
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possum: Fraser, 1919; Virginia opossum: Fraser, 1919; bandicoot:

F rase r, 1919; n a t iv e  c a t :  F rase r, 1919; Ullmann, 1984b; tammar 

wallaby: A lcorn, 1975).

Fraser (1919) considers th is  ridge a reduced continuation o f the 

gonadal ridge which could not be d istinguished from i t  at the time 

when i t  was f i r s t  formed. Subsequently , the  re te  r idg e  becomes 

recognized from the gonadal ridge and consists o f i r re g u la r  cords and 

strands o f c e l ls .  Fraser (1919) states tha t mesothelial invaginations 

in the form o f so l id  cords contr ibu te  to  the formation o f the rete 

system at la te r  stages o f development.

The o r ig in  o f  the  re te  has a lso  been a t t r ib u te d  to  the 

mesothelium o f the gonadal ridges in the opossum (Morgan, 1943). This 

author holds tha t invagination o f the mesothelium in the rete region 

resu lts  in the formation o f the la t t e r .

D i f f e r e n t  nomenclatures have been proposed by authors in 

describing the rete system. According to  Byskov and Lintern-Moore 

(1973), 3 parts can be d istinguished in the rete system of the mouse: 

the in traovarian  re te , the connecting re te and the extra-ovarian re te. 

They consider the intraovarian rete as a system of cords with open 

connection w ith the oocytes and f o l l i c l e s  while the extra-ovarian rete 

co n s is ts  o f  convolu ted tubu les  in  the p e r io v a r ia n  t is s u e ;  the 

connecting re te is  the region which jo in s  the in t ra -  and extra-ovarian 

parts o f the re te system.

1.3 .1 .2 . Fo l1ic le  or granulosa cel Is

The o r ig in  o f the f o l l i c l e  c e l ls  is  controversia l (Deanesly, 

1975; Byskov, 1975; Upadhyay et a l . ,  1979; Linten-Moore et a l . ,  1981; 

Ullmann, 1981b). Some authors derive them from the mesothelium of the 

gonadal ridges (Brambell, 1927; Everett, 1943; Franchi & Mandl, 1962; 

Gondos, 1969; Motta & Makabe, 1982); others give them a mesonephric
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o r ig in ,  deriv ing  them e ith e r  from the mesonephric tubules (Upadhyay et 

a l . ,  1979; Zamboni et a l . ,  1979) or from the rete system, which has 

been considered a de r iva tive  o f the mesonephros (Byskov & Linten- 

Moore, 1973; Byskov, 1978; Stein & Anderson, 1979). The granulosa 

ce l ls  have also been derived from the central somatic blastema by Odor 

and Blandau (1969), Alcorn (1975) and Ullmann (1984a) or from the 

stroma by Peters and Pedersen (1967), Peters (1969) and Deanesly 

(1970). The la t te r  investigators  appear to use the term stroma to 

describe completely und iffe ren tia ted  ce l ls  while i t  is more usual to 

r e s t r i c t  the term to d if fe re n t ia te d  connective t issue (Abercrombie et 

a l . .  1983). I t  is  presumed th a t  by "stroma" these in v e s t ig a to rs  

ac tua lly  mean the blastema. A dual o r ig in  o f granulosa ce lls  from the 

rete o va r i i  and the ovarian mesothelium has been proposed in the cat, 

mink and fe r re t  (Byskov, 1975).

Motta and Makabe (1981) studied human fetuses and observed tha t 

the mesothelium and the p ro l i fe ra t in g  cords which are re lated to  i t ,  

contr ibute  to granulosa ce ll  formation. They state tha t the cords 

which are present in the' ovarian  co r te x  and the m eso the lia l 

invaginations have a common basal lamina. Further support fo r  th e i r  

contention comes from th e i r  observation o f steroidogenic features in 

the cord-mesothelia1 co n tinu ity .

Upadhyay e t aJL. (1979) work ing on mouse embryos d e r ive  the 

f o l 1i c le ce l ls  from the mesonephric tubules. They believe tha t septae 

of connective tissue invade the ovarian c e l l  mass and break i t  in to  

ovigerous cords of germinal and mesonephric (p re - fo l l ic le )  c e l ls .  They 

report tha t these cords appear as extensions or prolongations of 

mesonephric tubules and that f o l l i c l e  formation in i t ia te s  in the 

innermost (dorsal) region of the ovary and w ith in  the ovigerous cords.

Stein and Anderson (1979) studied the development of the rete
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o va r i i  in ra t  embryos using autoradiography. They believe in a rete 

con tr ibu tion  to  the f o l l i c l e  c e l ls .

Byskov (1975) observed th a t oocytes are in open connection with 

the mesothelium o f  the ovary and w ith  the re te  system and thus 

concludes a dual o r ig in  fo r  the f o l l i c l e  c e l ls  -  from the rete and the

mesothelium -  in the cat, mink and fe r re t .  She found tha t meiosis and

f o l l i c l e  formation occur f i r s t  in those areas o f the cortex where 

the re  is  c o n ta c t between the  germ c e l l s  and the  re te  c e l l s  and

therefore suggests tha t the f i r s t  f o l l i c le s  occurring w ith in  the ovary

are connected to  the contact area with the in tra -ova r ian  rete system. 

According to  Byskov (1975) the germ c e l ls ,  except those situated 

w ith in  the peri ovarian re te body, are influenced by the rete system 

which is responsible fo r  the i n i t i a t io n  o f meiosis.

Peters and Pedersen (1967) studied the o r ig in  o f f o l l i c l e  ce l ls  

in in fan t mouse ovaries to  ascertain whether they are newly formed or 

i f  they derive from c e l ls  tha t are already part o f the ovary at b i r th .  

They used a ra d io ac t ive ly  labe lled  marker, t r ia te d  thymidine, which 

they in jected in to  newborn mice; they then prepared autoradiographs at 

1 hour, 3 hours and 7 days a f te r  the in je c t io n .  Peters and Pedersen 

(1967) found tha t many stromal c e l ls  in the centre o f the ovary and 

between germ c e ll  nests incorporated the rad io ac t ive ly  labelled marker 

at b i r th .  At th is  stage, the ovaries are characterised by the presence 

o f oocyte nests and they are not yet surrounded by granulosa c e l ls .  By 

day 7 a f t e r  the i n je c t i o n ,  a t a time when the f o l l i c l e s  have 

developed, both the granulosa ce l ls  surrounding the oocytes at various 

stages of development and the stroma ce lls  are labe lled . From th e i r  

observations, Peters and Pedersen (1967) conclude that the f o l l i c l e  

ce l ls  o r ig ina te  from stroma c e l ls  that are present in the ovary at 

b i r th .  They believe tha t the central somatic stroma and the stroma 

surrounding the oocyte nests become attached to the periphery of the
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oocytes and begin to d iv ide forming the granulosa c e l ls .

1 .3 .1 .3 . I n t e r s t i t ia l  t issue

The i n t e r s t i t i a l  t is s u e  ( IT )  was f i r s t  described by P f ld g e r 

(1863) and given the term i n t e r s t i t i a l  gland by Bouin (1902) (quoted

by Harrison, 1962).

The IT has been described in the fo llow ing  eutherian mammals: 

mouse (Quattropani, 1973; Pehleman & Lombard, 1978), ra t (Dawson & 

McCabe, 1951); fe r re t  (Deanesly, 1970); cat (Kingsbury, 1939); rabb it

(A llen, 1904; Mori & Matsumoto, 1970); pig (A llen, 1904; P e llin iem i,

1975b); human (Gondos & Hobel, 1971). Among the marsupials, IT has

been reported in the brush-ta iled  possum (0'Donoghue, 1916) and tammar 

wallaby (Alcorn, 1975) only.

D if fe re n t c la ss if ica t io n s  have been used by various authors to 

describe the IT. While Dawson & McCabe (1951), Mori & Matsumoto (1970) 

and Guraya (1977) c lass ify  i t  in to  primary and secondary IT depending 

on source and sequence of appearance, Mossman and Duke (1973) describe 

seven types of IT based on o r ig in ,  loca tion , time of appearance, 

resemblance to endocrine t issue elsewhere in the body and re la t ion  to 

the re p ro d u c t ive  cyc le .  These are the f e t a l ,  th e c a l,  s trom a l,  

medullary cord, rete, gonadal, adrenal and adneural types of IT (see 

Mossman & Duke, 1973). However, some authors do not fo l low  e ithe r  

c la s s i f ic a t io n  and simply use the term in t e r s t i t i a l  gland tissue or 

c e l ls  (0'Donoyhue, 1916; Deanesly, 1970; Moon & Hardy, 1973; 

Quattropani, 1973; Alcorn, 1975; Pehlemann & Lombard, 1978).

Mossman and Duke (1973) found tha t the medullary cord IT is best 

developed in c e r ta in  groups o f c a rn iv o ra .  The IT is  derived by 

hyperplasia and hypertrophy o f the medullary cords and often extends 

into  the cortex where i t  may connect with co r t ica l cords. The thecal 

type IT occurs in a l l  eutherian mammals and since i t  develops from the
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c e l l s  o f the theca in te rn a  o f  a t r e t i c  secondary and v e s ic u la r  

f o l l i c l e s ,  i t  is  present as soon as f o l l i c u l a r  a tres ia  begins (Mossman 

& Duke, 1973). These investigators  describe the f u l l y  d if fe re n t ia te d  

thecal type IT o f most species as containing very large vacuoles o f 

l ip id  m a te r ia l .

I t  is  believed tha t the primary and secondary IT d i f f e r  not only 

in th e i r  sequence o f appearance but also in th e i r  o r ig in .  The primary 

IT is the f i r s t  to  appear (Guraya, 1977) and has been derived from 

d if fe re n t  sources. Dawson and McCabe (1951) believe that the primary 

IT arises from c o rd - l ik e  masses which o r ig in a te  from the granulosa 

ce lls  and from ingrowing cords o f ce l ls  from

the mesothelium. Mori and Matsumoto (1970) agree with Dawson and 

McCabe (1951) regarding the o r ig in  of the primary IT but observe tha t 

the medullary cords also pa rt ic ipa te  in i t s  formation.

Several speculations have been expressed as to the o r ig in  o f the 

secondary IT. Some investigators  derive i t  from the medullary stromal 

ce lls  (A llen, 1904; O'Donoghue, 1916; Gruenwald, 1942; Deanesly, 1970; 

Quattropani, 1973; Pe ll in iem i, 1975b; Pehlemann & Lombard, 1978; 

Ullmann, 1984); others from the theca interna o f a t re t ic  f o l l i c le s  

(Kingsbury, 1939; Dawson & McCabe, 1951; Mori & Matsumoto, 1970; 

Mossman & Duke, 1973), or the rete cords (Alcorn, 1975).

Allen (1904) states that transformation o f the stroma gives r ise  

to the theca interna which la te r  on forms the IT in the rabb it and 

p ig .  In the possum, O'Donoghue (1916) re p o r ts  th a t  IT has to  be 

regarded as a " t issue  sui generis" and may be a deriva tive  of modified 

stroma ce lls  at very early  stages. He argues against the thecal o r ig in  

of IT since he observed that IT in the possum developed before the 

formation of a t re t ic  f o l l i c le s  and even before the oocytes became 

surrounded by a layer o f f o l l i c l e  c e l ls .  Moreover, he supports his
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view by s ta t in g  th a t  the theca in te rn a  is  not w e ll  developed in 

marsupials and lacks s im i la r i t y  w ith the IT. Alcorn (1975) found tha t 

the d is t r ib u t io n  o f IT in  the tammar wallaby was s im ila r  to that in 

the brush-ta iled  possum described by O'Donoghue (1916). Alcorn (1975) 

observed that in both the IT forms small islands o f c e l ls  scattered in

the medullary stroma in i t s  early  stages o f development; eventually,

the IT comes to  occupy most o f the ovary and the stroma ce lls  pass in 

in te r la c ing  strands through i t .

The IT has been examined at the u l t ra s t ru c tu ra l  level in some

eutherian mammals and ch a ra c te r is t ic  features d is t ingu ish  i t  from the 

surrounding tissues (Mori & Matsumoto, 1970; Quattropani, 1973; Gondos 

& Hobel, 1973). Such work has not been reported fo r  marsupials.

The IT has been described as being composed o f polygonal ce l ls

which possess a typ ica l vesicu lar nucleus; a nucleolus; and more 

scattered chromatin than the stroma c e l ls  (O'Donoghue, 1916). In the 

tammar w a l la by , A lco rn  (1975) de f ines  the IT as se c re t in g  c e l l s  

occurring in t i g h t l y  packed groups or bundles. The ind iv idua l c e l ls  

are polyhedral in shape, with f a i r l y  d is t in c t  c e l ls  membranes. Their 

nuclei are ves icu la r, occupy a large proportion o f the c e l l  volume and 

have a subcentric nucleolus. The IT is characterized by the presence 

of features o f well established s te ro id  secreting c e l ls  such as: 

abundant d if fu se  l ip id  in the cytoplasm, well developed organelles 

such as mitochondria and smooth endoplasmic reticulum (ER) (Mori & 

Matsumoto, 1970; Quattropani, 1973; Gondos & Hobel, 1973; Guraya, 

1977). Quattropani (1973) describes the IT c e l ls  as possessing tubular 

smooth ER and rounded mitochondria with tubu la r c r is ta e . Guraya (1977) 

s ta tes  th a t  the IT in  the se x u a l ly  mature ovaries o f

eu the rian  mammals undergoes changes in q u a n t i ty  and cha rac te r 

associated with the ovarian cycle. He adds tha t membranes o f smooth ER 

play an important ro le  as s ites  fo r  enzymes which are v i ta l  in the



b io syn th e s is  o f  sex s te ro id  hormones. The p re cu rso r m a te r ia l  

(cho lestero l) which is  converted in to  s te ro id  hormones under the 

s tim ula tion  o f gonadotrophin is  stored in the l ip id  droplets. Guraya 

(1977) proposes tha t s te ro id  hormones form as a re su lt  o f in te rac t ion  

between the smooth ER, the l i p id  droplets and the mitochondria. The 

la t t e r  l i e  adjacent to  the l i p id  droplets and f a c i l i t a t e  the release 

o f th e i r  storage material which is  passed in to  the smooth ER, where 

s tero id  converting enzymes are located.

I t  has been suggested tha t the fa te  o f IT d i f fe r s  in d i f fe re n t  

species. While O'Donoghue (1916) finds tha t the IT in marsupials does 

not degenerate but undergoes s l ig h t  hypertrophy during ovu la tion ,

Mossmann and Duke (1973) propose tha t the IT in eutherians may undergo 

a tres ia .

1 .3 .1 .4 . Polvovular Fol1ic les

P o lyovu la r  f o l l i c l e s  (POFs) have been described at va r ious  

developmental stages in some but not a l l  eutherian species (mouse: 

Engle, 1927a; Fekete, 1950; Kent, 1960; Tagami & Akimoto, 1978; ra t :  

Davis & H a ll ,  1950; Dawson, 1951; Kent, 1962 & 1964; Bhavsar, 1976; 

hamster: Kent, 1958 & 1959; Bodmer & Warnick, 1962; Odor, 1965;

Weakly, 1966; fe r r e t :  Mainland, 1928; ca t: Hartman, 1926; Shehata, 

1972; squ irre l monkey: Hartman, 1926; Graham & Bradley, 1971; ra b b it :

S z ti l lbs i,  1978; dog: Hartman, 1926; Te lfe r  & Gosden, 1987; human:

Gondos & Zamboni, 1969; Papadaki, 1978) and th e i r  presence has been 

regarded as a developmental abnormality (Kent, 1962). In marsupials, 

POFs have been reported in the native cat (O'Donoghue, 1912); opossum 

(Hartman, 1926); tammar wallaby (Alcorn, 1975) and potoroo (Ullmann & 

Brown, 1983).

There is  considerable d iv e rs i ty  of opinion in the l i te ra tu re  as 

to the o r ig in ,  fa te  and possible s ign if icance of POFs (Mossman & Duke,
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1973). Several speculations have been proposed. Some authors suggest 

tha t the POFs re s u l t  from a fa i lu re  o f oogonia, which are joined by 

in te rc e l lu la r  bridges, to  separate before they become surrounded by 

f o l l i c l e  c e l ls  (Gondos & Zamboni, 1969; Alcorn, 1975). Others believe 

tha t isolated but c lose ly  apposed germ ce lls  may become surrounded by 

a common envelope o f f o l l i c l e  c e l ls  (O'Donoghue, 1912; Hartman, 1926; 

Mainland, 1928; Mossman & Duke, 1973; Papadaki, 1978; Tagami & 

Akimoto, 1978).

Gonadotrophin and s te ro id  stim u la tion  have also been related to 

the incidence o f POFs by some authors (Fekete, 1950; Kent, 1958, 1959, 

1960, 1962; Bodmer & Warnick, 1962; Graham & Bradley, 1971; Shehata, 

1974; Bhavsar, 1976). According to  Fekete (1950) the p ro l i fe ra t io n  o f 

the mesothelium (from which she derives the germ c e l ls )  is  correlated 

with the oestrous cycle. She suggests tha t POFs form as a resu lt  o f 

abnormal development o f  the mesothelium which is  under hormonal 

c o n tro l .

Mainland (1928) reports tha t POFs in the fe r r e t  re su lt  from the 

lack o f balance in development between the f o l l i c l e  ce l ls  and the 

connective t issue  during f o l l i c l e  formation. That is  to  say, there are 

not enough f o l l i c l e  c e l ls  fo r  the large number o f oocytes.

A very s im i la r  in te rp re ta t io n  to  that o f Mainland (1928) is put 

forward by O'Donoghue (1912) and Hartman (1926) fo r  the native cat and 

opossum respect ive ly . O'Donoghue (1912) states tha t i t  is  not possible 

to believe tha t POFs with f iv e  ova can arise from the d iv is ion  o f a 

sing le  ovum. Moreoever, he suggests that his observation of b iovu lar 

fo l l i c le s  with 2 equal sized ova argues fo r  th e i r  formation from the 

d iv is ion  of one c e l l .  According to Hartman (1926) the p ro l i fe ra t io n  o f 

the mesothelium resu lts  in the formation of ova which he believes 

migrate in to  the blastema in the form of strands (Pfldger tubes). He
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states th a t i f  the number o f f o l l i c l e  c e l ls  is  not enough then groups 

o f oocytes become surrounded by common f o l l i c l e  layer.

In the ju v e n i le  rhesus monkey, Mossman and Duke (1973) derive the 

POFs from the medullary cords (or sex cords). They state that the 

la t t e r  are present in many mammals and they often contain oocytes. 

Mossman and Duke (1973) suggest tha t the number o f oocytes in the POFs 

depends on the size o f the medullary cords as well as on the number of 

oocytes w ith in  the cords. These authors s ta te  tha t small medullary 

cords w ith few ova break up to form uniovular f o l l i c l e s  while th ick  

cords made up o f several ce l l  layers and contain ing several oocytes 

d issocia te  to  give r ise  to  polyovular f o l l i c l e s .

I t  has been suggested that oestrogen leve ls  a f fe c t  the incidence 

o f polyovuly e i th e r  d i re c t ly ,  by in f luencing  the ovarian tissues, or 

in d i re c t ly  through the p i tu i ta r y  gland (Kent, 1958, 1959, 1962). Kent 

(1959) found th a t in immature hamsters the POFs form as a resu lt  o f a 

defic iency in the production o f oestrogen.

POFs may be found at d i f fe re n t  stages o f development. However,

they occur most commonly in primordial f o l l i c l e s  (Hartman, 1926; 

Engle, 1927a; Fekete, 1950; Alcorn, 1975; Bodmer & Warnick, 1962;

Tagami & Akimoto, 1978) while few have been reported to have reached 

the antra l stage (O'Donoghue, 1912; Hartman, 1926; Engle, 1927a; 

F e ke te ,  1950; Bodmer & W a rn ick ,  1962; U llm ann , p e rson a l 

communication).

The number o f oocytes in the POFs o f eutherians varies from two 

to  f i v e ,  b io v u la r  and t r i o v u la r  f o l l i c l e s  being the most common 

(Engle, 1927a; Fekete, 1950; Dawson, 1951; Alcorn, 1975; Tagami &

Akimoto, 1978). O'Donoghue (1912) found POFs with 5 ova in the ovaries

o f the native  cat while Ullmann and Brown (1983) report the presence 

o f f o l l i c l e s  co n ta in in g  up to  10 oocytes in the ovaries o f the 

potoroo. The most numerous oocytes per POF recorded fo r  any mammal is
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tha t o f the opossum in which Hartman (1926) observed up to  120 ova in 

a s ing le  f o l l i c l e .

The size o f the ova w ith in  the POFs is  also va r iab le . They may be 

o f d is s im i la r  or equal size (O'Donoghue, 1912; Hartman, 1926; Engle, 

1927a; Fekete, 1950; Dawson, 1951). Engle (1927a) reported tha t most 

o f the ova in the POFs are o f equal size; she found only a sing le  POF 

with oocytes o f d issm ila r size in the mouse ovary. The presence of 

oocytes in the b iovu la r f o l l i c l e s  having equal sizes is  a ttr ibu ted  to 

d iv is ion  o f one c e l l  while  the d is s im i la r i ty  in oocyte size in the 

POFs is  re la ted to  e ith e r  the arrest of growth in one o f the oocytes 

or to th e i r  unequal rates o f growth (Dawson, 1951).

Oocytes in POFs may undergo meiosis in  v i t r o  (Ja g ie l lo ,  1973) as 

well as in  vivo (Graham & Bradley, 1971). In the opossum, however, 

Hartman (1926) found th a t the POFs exh ib it  ne ithe r m ito t ic  nor meiotic 

d iv is ions .

Some inves t iga to rs  consider the POFs as abnormal and destined to 

a tres ia  (Hartman, 1926), while others (Davis & H a ll ,  1950; Bodmer & 

Warnick, 1962; Bhavsar, 1976) believe that they may be capable of 

ovulation.

Davis and Hall (1950) studied the re la t ionsh ip  between polyovuly 

and fecundity by comparing the number o f new corpora lutea in ra t 

ovaries with the number o f embryos found in the u terine horns o f the 

same animal. They observed tha t the number o f embryos was more than 

the corpora lu tea. Accordingly, Davis and Hall (1950) concluded that 

the f o l l i c l e s  release more than one viable ovum.

On the other hand Bhavsar (1976), also working on the ra t ,  found 

more corpora lutea than embryos in the uterine horns and postulates 

th a t  these e x tra  corpora  lu te a  may have been formed e i t h e r  from 

ovulated or unovulated POFs. Bhavsar (1976) suggests tha t the POFs may
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be capable o f f u l l  development and ovulation but tha t the ova are not 

v iab le  fo r  f e r t i l i z a t i o n .
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CHAPTER TWO

GONAD DEVELOPMENT IN MOUSE PUPOID FOETUS EMBRYOS
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2.1. INTRODUCTION

This chapter describes gonad development in mouse embryos at the 

l ig h t  and e lectron microscopical leve ls . Since there have been several 

previous publications in th is  area, some ju s t i f i c a t io n  o f th is  study 

may be appropriate.

1. Although there are numerous studies o f gonad development in the 

mouse, these are la rg e ly  concerned w ith  the s t ru c tu re  and 

migration o f the PGCs (Kirkham, 1916; Kingery, 1917; Everett, 

1943; Chiquoine, 1954; M in tz ,  1957; Mintz & R usse ll ,  1957; 

Blandau e t al_*, 1963; Spiegelman & Bennett, 1973; Zamboni & 

Merchant, 1973; Clark & Eddy, 1975; Zamboni & Upadhyay, 1983); 

those which concern themselves with the somatic elements o f the 

gonad concentrate on the la te r  stages, tha t is from day 11 post 

coiturn onwards (Odor & Blandau, 1969; Upadhayay et al_., 1979, 

1981). Thus although the la t te r  describe gonadal d i f fe re n t ia t io n  

in mouse embryos, they do not consider gonadal ridge formation 

.but concentrate exclusive ly on the region of the mesonephroi and 

th e i r  con tr ibu tion  to gdnad formation.

2. Secondly, while u lt ra s tru c tu ra l  studies o f the e a r l ie s t  stages o f 

gonadal ridge formation in embryos o f known chromosomal sex have 

been c a r r ie d  out on the p ig  ( P e l l in ie m i ,  1976) and human 

(Pellin iem i et al_., 1979) no such studies have been performed on 

mouse embryos.

3. T h i r d ly ,  as a lready mentioned in  sec t ion  1 .1 , the re  are 

a m b igu it ie s  in  the l i t e r a t u r e  regard ing  the o r ig in  o f the 

blastema cel Is .

4. As mentioned in section 1.3, Wartenberg (1983) distinguishes two 

ce ll  types in the gonadal blastema of the rabb it.  On the basis o f 

his observations he believes in a dual o r ig in  of the gonadal
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blastema. Though he did not study the e a r l ie s t  stages of mouse 

gonad development, he suggests th a t on days 12 and 13 o f fe ta l 

l i f e  a s im i l a r  s i t u a t io n  to  th a t  in  the  r a b b i t  occurs and 

postulates th a t an in te rac t ion  between the mesonephric and the 

m e so th e l ia l  c e l l s  i n i t i a t e s  gonad fo rm a tion  as w e ll  as sex 

d i f fe re n t ia t io n  in the mouse and rabb it (section 1 .3). Since such 

observations have not ac tua lly  been reported fo r  the mouse a 

r e in v e s t ig a t io n  o f  gonadogenesis to  te s t  t h i s  hypothesis is  

j u s t i f i e d .

5. Las tly , as already indicated in section 1.1, th is  study forms a 

basis fo r  comparison with the marsupials investigated.

In th is  study the Pupoid foe tus , which is  a mutant s tra in  o f 

mouse, f i r s t  described by Meredith (1965), has been used. The choice 

o f species was la rge ly  d ictated by a v a i la b i l i t y .  Since the known 

e ffec ts  o f th is  abnormality are ectodermal and the mutation does not 

m an ifes t i t s e l f  t i l l  l a t e r  on in  development, th a t  is  a f t e r  the 

formation o f gonads (at 11 days post coiturn) . the mutation is not 

expected to in te r fe re  w ith the normal course o f gonad development. As 

con tro ls , the Glasgow hybrid stock o f mice were used (Ullmann, 1976).

Gonad development in the mouse has previously been described by 

Kirkham (1917), Kingery (1917), Brambell (1927), Borum (1961, 1966), 

Upadhyaya et a l  (1979, 1981) and Wartenberg (1981, 1983).

A l l  the e a r l ie r  investigators (Kirkham, 1916; Kingery, 1917; 

Brambell, 1927) believe in the mesothelial o r ig in  o f the primordial 

germ c e l ls .  In mouse embryos, the blastema has been derived from the 

mesothelium o f the gonadal ridges (Kingery, 1917; Brambell, 1927), 

from the mesonephroi (Upadhyay et. a l . ,  1979) or from both the 

mesothelium and the mesonephroi (Wartenberg, 1981, 1983).

As is described in Section 1.3, p. 15, d i f fe re n t  views appear in
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th e  l i t e r a t u r e  r e g a r d in g  th e  p rocess  o f  gonadal sexual 

d i f fe re n t ia t io n .  As fa r  as the mouse is  concerned, while Brambell 

(1927) and Upadhyay (1981) believe a mesonephric influence causes 

gonadal sexual d i f fe re n t ia t io n ,  Wartenberg (1983) suggests that an 

in te r a c t io n  between 2 d i f f e r e n t  c e l l  types (mesonephric and 

mesothelial) in i t ia te s  th is  process.

2.2. MATERIALS AND METHODS

2.2 .1 . Maintenance o f the pupoid foetus stock

Mouse embryos carry ing  the pupoid foetus gene (EPF) were obtained 

from s tock m ain ta ined  in  the Developmental B io logy  Labora to ry , 

U n ivers ity  o f Glasgow. The mice were kept at a temperature o f 20-22°C, 

w ith a regular 1 ig h t : dark cycle o f 10:14 hours, a constant supply of 

water and compound d ie t  p e l le ts  (Diet 41: Dixon and Sons, Ware, Herts; 

or Breeding D ie t: Oxoid L td .,  London).

The oestrous cycles o f the females were brought in to  synchrony by 

p r io r  exposure to  bedding material from a male's cage fo r  2 days, a 

phenomenon ca lled the Whitten e ffe c t (Whitten 1966). A male was then 

put in with 2-3 females in the afternoon and the la t t e r  examined fo r  

the presence o f vaginal plugs on the fo llow ing  three mornings and 

evenings. Ind iv idua l females were id e n t i f ie d  by ch a rac te r is t ic  ear 

c l ip s .  Embryos were aged from the day when the copulation plug was 

detected, which was taken to be day "0" o f gestation.

2.2 .2 . Gonadal preparation

When the embryos were o f  the requ ired  age (9-14 days), the 

mothers were k i l le d  by cerv ica l d is location and a horizonta l abdominal 

inc is ion  made, using scissors and forceps. With the aid o f a Wild M5 

binocular microscope, the u te r i were dissected out and placed in a 

p e tr i  dish containing Tyrode balanced sa lt  so lu t ion . The embryos were 

then freed from the u te r i  with the use of f ine  surgical forceps, the
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trunks sectioned ju s t  behind the forelimbs and the an te r io r  body 

reg ions d isca rd ed . Using overhead i l l u m in a t io n  and an o b je c t iv e  

m a g n i f ic a t io n  o f  x6 o r x l2  p lus f i b r e  o p t ic s ,  the gonads were 

c a r e f u l l y  removed from the embryos, e i t h e r  alone or w ith  the 

mesonephroi attached; or with the mesonephroi and the body w a ll ,  as in 

the case o f 10 day old embryos. Dissection o f the relevant parts was 

too d i f f i c u l t  in the 9 day old embryos, so the whole o f the caudal 

body region, po s te r io r  to the fore limbs, was processed.

2 .2 .3 . Sexino o f embryos

C y to lo g ic a l  i d e n t i f i c a t i o n  o f  sex p r io r  to  gonadal sex 

d i f f e r e n t i a t i o n  was performed by the  chromosome a n a lys is  method 

(Pe ll in iem i & Salonius, 1976) or the Barr body technique (Harvey, 

1971).

2 .2 .3 .a. Chromosome analysis

Tissue from l iv e r  or head was used and treated according to the 

fo llow ing  procedure:

1) Place the t is s u e  in  10ml o f  P a rke r 's  medium TC 199 (D ifco )  

containing 20% c a l f  serum.

2) Mince and squeeze the ce l ls  using surgical forceps and scissors.

3) Add a few drops o f 5 0 u g / l i te r  co lch ic ine  to  the suspension o f

c e l ls ,  to  s ta b i l iz e  the chromosomes in m ito t ic  metaphase.

4) Incubate at 37°C fo r  2 hours.

5) Centrifuge at 700 rpm and then discard the supernatant.

6) Add 2.5ml o f d is t i l l e d  water.

7) Aspirate and leave in an incubator at 37°C fo r  20 minutes.

8) Centrifuge at 700 rpm and discard the supernatant.

9) Fix in fre sh ly  prepared 1:3 acetic acid:methanol fo r  15 minutes,

aspire and centrifuge at 800 rpm.
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10) D iscard the  superna tan t and add fresh  f i x a t i v e .  Repeat th is  

procedure three times.

11) Place a few drops o f the suspension on a microscope s l id e  at 4°C 

fo r  a few seconds.

12) Dry and f i x  on a hot p la te  at 60°C.

13) Cool and s ta in  the s l id e  w ith  5% Giemsa o r  la c to -p ro p io n ic  

orcein, fo r  5 minutes.

The metaphase chromosomes were then examined under the o i l  immersion 

ob jective , photographed and the karyotypes prepared.

2 .2 .3 .b . Barr body or sex chromatin v isua l iza t io n

2 .2 .3 .b l . Rationale fo r  demonstration o f the Barr body

Female mammalian c e l ls  c h a ra c te r is t ic a l ly  have two X chromsomes,

while male c e l ls  contain one X and one Y sex chromosome. In most 

mammals one o f the X chromosomes in the female becomes inactivated 

during  embryonic development and the condensed mass comes to  be 

located near the nuclear membrane. Since the chromatin material is 

composed la rge ly  o f DNA and nucleoprotein the inactiva ted  chromsomes 

can be v isua lised by any sta in  spec if ic  fo r  DNA or fo r  chromatin 

(Humason, 1979).

2.2.3.b2. Technique fo r  demonstration o f the Barr body

The amnion was dissected out from the embryos in to  Tyrode saline 

and processed according to the fo llow ing schedule:

1) Fix in several changes o f fresh ly  prepared 3:1 methanol:acetic 

acid fo r  15 minutes.

2) Remove the f ix a t iv e  and add 60% acetic acid fo r  30 seconds.

3) Aspirate and place a few drops o f the suspension on a clean glass 

s i id e .

4) Dry on a hot p late at 60°C.
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5) Stain w ith  5% Giemsa sta in  fo r  5 minutes.

6) Rinse in several changes o f d is t i l l e d  water.

Slides were then examined under the o i l  immersion ob jective  fo r  the 

presence o f sex chromatin.

2 .2 .4 . H is to log ica l procedures

2 .2 .4 .1 . Preparation o f sections fo r  1ioh t microscopy 

2.2 .4 .1a . P ara ff in  wax sections

Gonadal primordia or the pos te r io r  part o f  9-10 day old embryos 

were f ix e d  in  aqueous Bou in 's  s o lu t io n  f o r  24 hours a t room 

temperature and processed according to  the fo llow ing  scheme:

1) Wash w ith several changes o f 70% ethyl a lcohol.

2) Dehydrate in 90% and 95% alcohol fo r  30 minutes in each.

3) Clear in xylene or toluene fo r  10-15 minutes.

4) I n f i l t r a t e  w ith 50:50 xy lene :para ff in  wax fo r  30 minutes.

5) Embed in pure p a ra f f in  wax.

Blocks were then sectioned transve rsa lly  or lo n g itu d in a l ly  at 4-6^m

using a Beck microtome and stained with Mayer's haemal urn and eosin

using a standard  h is tochem ica l techn ique (Humason, 1979) (see 

Appendix).

Sections were then dehydrated in a series o f  alcohols (30%, 50%,

70%, 90%, 95%), cleared in h istosol and mounted in DPX.

The sections were then examined with a Wild M20 microscope and

photographed using Kodak Panatomic x f i lm .

2 .2.4.1b. lum p la s t ic  sections:

Half strength Karnovskv f ix a t iv e  (Karnovsky, 1965)

For yjm th ic k  sections, the gonads and the poste r io r part of the 

embryos were f ix e d  in  cold h a l f  s tre n g th  Karnovsky s o lu t io n  (see 

Appendix) fo r  2 hours at 4°C and processed as fo llow s:

1) Wash in  severa l changes o f  sodium cacody la te  b u f fe r  (see
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Appendix).

2) Post f i x  in  1% osmium te t r o x id e  s o lu t io n  in  veronal ace ta te  

bu ffe r (see Appendix) fo r  2 hours at 4°C.

3) Wash in several changes o f cacodyl ate bu ffe r .

4) Dehydrate in 70%, 90%, 95% ethyl alcohols fo r  30 minutes in each.

5) Dehydrate in absolute a lcohol, 3 changes, 30 minutes in each.

6) Dehydrate in absolute alcohol fo r  15 minutes.

7) C lear in  a s e r ie s  o f  3 changes o f propylene ox ide : abso lu te  

alcohol (25:75, 50:50, 72:25) fo r  30 minutes in each.

8) I n f i t r a te  w ith 50:50 propylene o x id e :a ra ld ite  resin fo r  2 hours.

9) To evaporate the propylene oxide, remove the l id s  from the glass 

tubes and leave on s t i r r e r  fo r  24 hours.

10) Embed in a ra ld i te  resin at 45°C fo r  2 hours, then at 60°C fo r  24 

hours.

Semithin sections were then cut with glass knives on a Reichert 

0MU3 ultramicrotome, stained with 1% to lu id in e  blue, mounted in DPX, 

and examined under the l ig h t  microscope.

2 .2 .4 .2 . P repara t ion  o f  se c t io n s  f o r  tra nsm iss io n  e le c t ro n  

microscopy:

The gonads were prepared and f ix e d  accord ing to  the method 

described in section 2.2.4.1b.

This method o f f ix a t io n  resulted in mitochondria being vacuolated 

and therefore the fo llow ing  a lte rn a t ive  method which was found to give 

more sa t is fa c to ry  resu lts  was used.

Glutaraldehvde phosphate f ix a t iv e  

The specimens were fixed in glutaraldehyde phosphate solu tion 

(see Appendix) fo r  2 hours and treated according to  the fo llow ing 

schedule:
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1) Rinse in 3 changes o f r ins ing  so lu t ion  (see Appendix) fo r  10 

minutes in each.

2) P o s t- f ix  in 40% osmium oxide so lu t ion  in d is t i l l e d  water and

rins ing  so lu t ion  fo r  2 hours.

3) Add d is t i l l e d  water and leave fo r  5 minutes.

4) Wash in several changes o f d is t i l l e d  water, 10 minutes in each.

5) Dehydrate at room temperature in 30%, 50%, 70%, 90%, 95% ethyl

alcohols fo r  10 minutes in each.

6) Dehydrate in 2 changes o f absolute a lcoho l, 10 minutes in each.

7) Dehydrate in dried absolute alcohol fo r  10 minutes.

8) Clear in 2 changes o f propylene oxide fo r  10 minutes in each.

9) I n f i l t r a t e  w ith 50:50 propylene oxide:res in fo r  24 hours.

10) Embed in pure resin at 45°C fo r  1-3 hours then at 60°C fo r  24 

hours.

The blocks obtained by the above two methods were trimmed in to  

four-s ided pyramids with a double-edged s ta in less  steel razor blade. 

Sections were cut, using fresh ly  prepared glass knives, on a Reichert 

0MU3 ultramicrotome mounted on glass s l ide s , dried on hot p la te  and 

stained with 1% aqueous to lu id in e  blue in 1% borax.

U l t r a t h i n  s e c t io n s  were then  c u t  on a R e ic h e r t  0MU3 

ultramicrotome, stretched with chloroform, mounted on e ith e r  coated or 

uncoated 100-300-G copper g r ids , stained w ith  4.4% uranyl acetate and

4.4% lead c i t r a t e  f o r  5 minutes in each and examined under the

transmission e lectron microscope (A .E .I. 801).

2.3. RESULTS

2.3.1 . 9 day oJd embryos

The mesonephric ( p r im i t i v e  k idney) rudiment co n s is ts  o f

und iffe ren tia ted  masses o f nephrogenic c e l ls  (Fig. 2 .1 ).

At t h i s  e a r ly  s ta g e ,  the  gonadal p r im o rd ia  canno t be
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distinguished as such, but t h e i r  fu tu re  location is  already indicated 

by the  d i f f e r e n t i a t i o n  o f  the  mesothelium in  the reg ion  o f the

presumptive gonads: whereas the mesothelium elsewhere is  f la ttened , in 

th is  region i t  consists o f a layer o f columnar c e l ls  lacking a basal 

lamina (Fig. 2 .3 ).

The mesothelial c e l ls  are connected to  each other by junctiona l 

complexes such as t i g h t  ju n c t io n s  and desmosomes. A few short 

m ic ro v i l l i  p ro jec t from th e i r  free surfaces. The nuclei are elongated 

with one or more prominent n u c le o li .  The mitochondria are elongated or 

spherical w ith i r r e g u la r ly  arranged c r is tae  and may be associated with 

the rough endoplasmic re ticu lum (ER). Occasional l i p id  droplets and 

Golgi complexes are also found.

A few scattered mesenchymal ce l ls  are present in te rna l to the

mesothelium.

A few iso la ted  c e l ls ,  d istinguished by having spherical nuc le i, 

more than one nuc leo li and pale s ta in ing cytoplasm, are found in the 

mesothelium (Fig. 2 .1 ) .  Cells having s im ila r  cha rac te r is t ics  except 

fo r  being denser are found scattered among the e p ith e l ia l  ce l ls  o f the 

hindgut, including i t s  luminal surface, as well as in the mesenchyme 

(Fig. 2.2a & b ) . I t  is  presumed, judging by th e i r  d is t r ib u t io n ,  that 

these la rger c e l ls  are the primordial germ c e l ls  (PGCs). M ito t ic

figures are encountered among the PGCs which are embedded in the

mesothelium as well as in those located in the hindgut epithelium. The 

PGCs which are found in the mesothelium and those leaving the hindgut 

show pseudopodial processes, suggesting tha t they migrate by amoeboid 

movements (Fig. 2.2b).

No differences were noticed between the gene tica lly  male and 

female gonads at th is  early  stage o f development.

2.3.2. 10 day old embryos

The elongated mesonephroi, the p r im it ive  kidneys, are located
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about the mid body level and extend p o s te r io r ly  through the whole 

abdominal region along both sides o f the dorsal mesentery.

At th is  stage the gonadal ridges have formed and p ro jec t in to  the 

coelomic cav ity  medial to  the mesonephroi (F ig. 2 .5 ).

The mesothelium, which is  ir re g u la r  in thickness (Fig. 2.5, 2.6, 

2.9 & 2.10), e xh ib its  many m ito t ic  f igu res the spindles o f which are 

at r ig h t  angles to  the gonadal surface.

By th is  time, the und iffe ren tia ted  masses o f nephrogenic c e l ls  

have transformed in to  mesonephric cords which are regular in shape 

except fo r  those located close to the gonadal ridges. In th is  region 

the mesonephric cords have ir re g u la r  p ro f i le s ,  lack a basal lamina and 

contain some pyknotic c e l ls  (Fig. 2 .8 ).

The PGCs, now c le a r ly  recognisable as such, have increased in 

number w ith in  the gonadal ridges, in the mesenchyme as well as in the 

dorsal mesentery. In the former the PGCs have spherical nuclei and are 

c lose ly  associated w ith the mesothelial and mesenchymal ce lls  (Fig. 

2 .7 ). The PGCs o f the gonadal ridges are la rger in size than the 

surrounding few somatic ce l ls  and have denser, more ves icu la r nucle i.

By the end o f th is  stage, that is  at day 10.5 o f gestation, the 

mesonephric cords have transformed in to  mesonephric tubules. The 

mesothelium has increased in th ickn ess  as a r e s u l t  o f m i to t ic  

d iv is ions and i t s  c e l ls  have elongated and vary in th e i r  a f f i n i t y  fo r  

the to lu id in e  blue s ta in  used. The blastema consists o f i r reg u la r  

ce l ls  with several prominent nucleoli (F ig. 2 .9 ).

2.3 .3. U  day o]_d embryos

The in d i f f e r e n t  gonads appear e longa ted , tran spa ren t and 

com ple te ly  a ttached to  the mesonephroi as seen in the d issected  

specimens.

Although there is no l ine  of demarcation between the mesonephroi
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and the gonadal promordia, the la t t e r  can be recognised in sections by 

the density d if fe rences in the c e l ls  comprising the two regions: the 

gonads appear denser (F ig . 2.11 & 2.12).

The PGCs can be i d e n t i f i e d  by th e  same m o rp h o lo g ic a l  

cha rac te r is t ic  as at the previously described stage ( th a t is ,  at day 

10 post coitum). The nuclei are spherical and some may be ir re g u la r .  

During th is  period, the gonad thickens and elongates as a resu lt  o f 

the increased number o f  blastema and germ c e l l s .  A few blood 

c a p i l la r ie s  with nucleated erythrocytes invade the centre o f the 

in d i f fe re n t  gonads from the adjacent mesonephroi.

The mesonephric tubules are well developed, some being s-shaped 

(Fig. 2.13 & 2.14) while  others form cords with i r re g u la r  p ro f i le s  

(Fig. 2.11). This con figura tion  o f the tubules and the absence o f the 

basal lamina (Fig. 2.14a & b) suggest tha t the former con tr ibu te  to 

the formation o f the gonadal blastema.

At the end o f th is  stage the sex s t i l l  cannot be d istinguished 

microscopically. However, the puta tive  testes (Fig. 2 .16), as judged 

by chromosomal ana lys is , appear la rger than the presumptive ovaries 

which re ta in  most o f the ch a rac te r is t ic  features o f the in d i f fe re n t  

stages (Fig. 2.15). The fu tu re  testes, on the other hand, are invested 

with mesothelium made up o f columnar and cuboidal c e l ls  and a few 

blood c a p i l la r ie s  w ith nucleated blood c e l ls  penetrate the periphery 

o f the rudiment (F ig. 2.16).

In the male, the blastema d i f f e r e n t ia t e s  in to  2 c e l l  types: 

f i b r o b l a s t - l i k e  c e l l s  and la rg e r  i r r e g u la r  c e l l s  w ith  several 

n u c le o l i .

2 .3.4. 12 day old embrvos

By the beginning o f day twelve o f gestation, the gonadal sex can 

be distinguished m icroscopically .
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2 .3 .4 .a. Ihe te s t ic u la r  rudiments

The male gonad rudiments are invested by a regular mesothelium, 

separated from the  u nde r ly ing  t is s u e s  by a continuous basement 

membrane. The mesothelium is composed o f a cuboidal layer o f ce l ls  

which in regions is  multilayered and very few PGCs are trapped in i t .  

At th is  stage, a few f ib ro b la s t - l ik e  ce l ls  (the tun ica albuginea) are 

found in te rna l to  the mesothelium at the do rso- la te ra l side o f the 

gonads (Fig. 2 .17).

At the end o f th is  stage, tha t is  at 12.5 days o f gestation, the 

male gonad rud im ent can be d is t in g u is h e d  by the  presence o f  the 

spermatic vein in the periphery, ju s t  in te rna l to  the mesothelium.

The la rger blastema ce lls  swell, lose t h e i r  a f f i n i t y  fo r  the 

s ta in s  used and clump to g e th e r  e n c lo s in g  th e  germ c e l l s  

(prespermatogonia) to  form seminiferous cords which eventually become 

surrounded by a basement membrane.

2 .3 .4 .b . The ovarian rudiments

The female gonad rudiments are th inner and more elongated than 

the t e s t i c u l a r  rudiments and re ta in  most o f  the  c h a r a c te r is t ic  

fe a tu re s  o f  the  i n d i f f e r e n t  stages (F ig .  2 .1 8 ) .  The p re v io u s ly  

ir re g u la r  c e l ls  comprising the mesothelium are now mostly columnar in 

shape. A few scattered c a p i l la r ie s  with nucleated blood ce lls  are 

found in the rudiments. The PGCs d iv ide to become oogonia.

2 .3 .5 . 13 day old embryos

2 .3 .5 .a. The te s t ic u la r  rudiments

At day th i r t e e n  post co itu rn , the tu n ic a  a lbuginea becomes 

organised in to  several layers.

The seminiferous cords are well developed and surrounded by a 

continuous basement membrane (Fig. 2.19). The male germ ce lls  are
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found at various stages o f m ito t ic  d iv is ion  and some o f them are 

pyknotic. Synchronous d iv is io n  o f germ ce lls  does not characterise the 

seminiferous cords at th is  stage o f development.

2 .3 .5 .b . Jhe ovarian rudiments

On day th ir tee n  o f gesta tion , the ovarian rudiments are oval with 

no t ra ce  o f  a tu n ic a  a lbug inea (F ig .  2 .2 0 ) .  They are com ple te ly  

attached to the mesonephroi and are made up o f a compact mass o f 

germinal and blastema c e l ls  which become more vascularized than in the 

previously described stages. The mesothelial ce l ls  are now cuboidal in 

shape and many oogonia are found among them. Moreover, at th is  stage, 

only a few d iv id ing  oogonia were encountered and some o f them were 

pyknotic.

At the end o f th is  stage, tha t is  at 13.5 days post coitum. some 

o f the oogonia enter the prophase stage o f the meiotic d iv is io n .

2 .3 .6 . 14 day old embryos

2 .3 .6 .a. Jhe te s t ic u la r  rudiments

During day 14 o f  g e s ta t io n  the t e s t i c u la r  rudiments undergo 

compaction and are separated from the mesonephroi, except at the h i la r  

region.

The mesonephroi are narrow structures consisting o f degenerating 

mesonephric tubules (Fig. 2.21b). The investing mesothelium is  made up 

o f f la ttened ce lls  (Fig. 2.21a). The m ajority  o f the PGCs, which may 

be binucleate, are now found in the centre o f the seminiferous cords.

2 .3 .6 .b. The ovarian rudiments

During th is  stage, the ovarian rudiments increase in size and 

separate from the mesonephroi, except at the h i la r  region.

Unlike the previously described stages, at day 14.5 post coitum 

the rudiments are invested  w ith  a somewhat re g u la r  mesothelium
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separated from the underlying tissue by a discontinuous basement 

memrbane. The mesothelium is made up o f both cuboidal and f la ttened 

c e l ls .

Most o f the oogonia, except those embedded in the mesothelium, 

have entered the prophase stages o f the meiotic d iv is ion  and are found 

in groups o f morphologically s im ila r  c e l ls ,  suggesting synchronous 

d iv is ions  (Fig. 2.22a & b ) .
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Abbreviations

a aorta mst mesonephric tubule

b blastema mt mesonephric tubule ce ll

be blood c a p i l la ry n nucleus

bL basal lamina nc notochord

c coelom nm nephrogenic mass

d desmosome nu nucleolus

dm dorsal mesentery 0 oogon i urn

e erythrocyte ol oocyte at leptotene

er endoplasmic reticu lum or ovarian rudiment

G Golgi complex ov ovary

gc germ ce ll oz oocyte at zygotene

gp gonadal primodrium pgc primordia l germ ce ll

gr gonadal ridge pr polyribosomes

h h i 1 urn P pseudopodium

hg hindgut pS pre -S e rto l i  c e l l

L l ip id  d rople t PS prespermatogon i urn

l lg lysosome l ik e  granule r ribosomes

m mesothelium s stroma

me medullary cord sc sex cord

msc mesonephric cord t te s t is

mf m ito t ic  f ig u re ta tun ica albuginea

mi mitochondria t j t ig h t  jun c t io n

mge m ito t ic  germ c e l l t r te s t ic u la r  rudiment

ms mesonephros Wd Wolffian duct
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For a l l  a b b rev ia t io n s  see page 45

Fig. 2.1a. Transverse section through the abdominal region o f a 9 day 

old mouse embryo, to  show general s truc tu re . (Bar = 100 ^m).

Fig. 2.1b. Detail o f  marked region in Fig. 2.1a to  show the gonadal J

/ X , ^ridge w ith  germ c e l ls  (pgc) and the nephrogenic mass (nm). (Bar = % 

50 ^im).

Fig. 2.2a. Transverse section through the hindgut o f a 9 day old mouse ; 

embryo. Note a primordial germ ce ll  (pgc) adjacent to  the lumen 

o f the hindgut (hg ). (Bar = 25 ^m).

Fig. 2.2b. Note primordia l germ ce lls  (pgc) leaving the hindgut (hg)  ̂

and a m ito t ic  germ c e l l  in the gonadal ridge ( g r ) . (Bar = 25 jjm).
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Fig. 2 .3 . Electron micrograph through the gonadal ridge o f a 9 day old 

mouse embryo. Note the columnar mesothelial c e l ls  (me) and the 

discontinuous basal lamina ( b l ) .  x 7.9 K.

Fig. 2 .4 . Electron micrograph through the nephrogenic mass o f a 9 day 

o ld embryo, x 2.4 K.
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2.5. Transverse section through the gonadal ridge o f a 10 day old 

mouse embryo, to  show gonadal ridges ( g r ) . (Bar = 100 j jm ).

2.6. Electron micrograph through the gonadal ridge o f a 10

day old mouse embryo. Note the lack o f a basement membrane 

between the su p e r f ic ia l  and deeper ly ing  c e l ls ,  x 3.75 K.
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Fig. 2.7a. Transverse section through the gonadal ridge (gr) and the

dorsal mesentery (dm) of a 10 day old mouse embryo, showing the

d is t r ib u t io n  of the primordial germ ce lls  (pgc). (Bar = 50^um).

Fig. 2.7b. Detail o f Fig. 2.7a. (Bar = 25^um).
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Fig. 2.8a. Transverse sec tion  through the gonadal r idge  and the

mesonephros of a 10.5 day old embryo. (Bar = 100 ^im).

Fig. 2.8b. Detail o f Fig. 2.8a. Note the presence o f lysomsome-1 ike 

bodies ( l lg )  in the mesonephric tubule c e l ls  (m t) . (Bar = 25 ^pm).

Fig. 2 .9 . Transverse section through the gonadal ridge o f a 10.5 day 

old mouse embryo. Note the m i to t ic  f ig u re  (mf)in the mesothelium 

and the blood c a p i l la ry  (be) w ith nucleated ery th rocytes .

(Bar = 50 ^um).

Fig. 2.10. Electron micrograph through the gonadal ridge o f a 10.5 day 

o ld  mouse embryo. Note the  lack  o f  d i s t i n c t i o n  between the 

su p e r f ic ia l  and the underlying c e l ls ,  x 2.4 K.



rmt

Fig. 2.8a Fig. 2.8 b



. 2.11a. Transverse section through the gonadal ridge and the

mesonephros of an 11 day old mouse embryo. Note irregu la r p ro f i le

of mesonephric cords (msc). (Bar = 100 )jm).

2.11b. Detail of Fig. 2.11a in the region o f the gonadal ridge 

( g r ) . (Bar = 25 ^m).

2.12. Electron micrograph through the gonadal primordium 

an 11 day old mouse embryo, x 1.5 K.
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Fig. 2.13. Transverse section through the gonadal primordium (gp) and 

the mesonephros (ms) o f an 11 day old embryo showing an S-shaped 

mesonephric tubule (m st). (Bar = 50^um).

Fig. 2.14a. Electron micrograph through an S-shaped mesonephric tubule 

(mst) o f an 11 day old mouse embryo, x 1.28 K.

Fig. 2.14b. Detail o f Fig. 2.14a. Note the absence o f a basal lamina 

around the mesonephric tubule (mst). x 2.5 K.
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2.15. Transverse section through the gonad of a genetic female at 

day 11.5 o f gestation. Note the compact s truc tu re  o f the puta tive  

ovary and the nucleated erythrocytes (e ) . (Bar = 50 ^um).

2.16a. Transverse section through the gonad of a genetic male at 

day 11.5 o f gestation. (Bar = 50 ^ m ) .

2.16b. Detail o f Fig. 2.16a to show the presumptive tunica 

albuginea (ta) and a blood c a p i l la ry  (be). (Bar = 25 ^ m ) .
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Fig. 2.17a. Transverse section through the te s t ic u la r  rudiment ( t r )

and the mesonephros (ms) of a 12 day old mouse embryo. (Bar =

100 ^pm).

Fig. 2.17b. Detail o f Fig. 2.17a. (Bar = 25^ im).

Fig. 2.18a. Transverse section through the ovarian rudiment (or) and 

the mesonephros (ms) o f a 12 day old embryo. (Bar = 100 j i r i ) .

Fig. 2.18b. Detail o f Fig. 2.18a, showing a mesonephric tubule with 

i r re g u la r  p ro f i le  (mst). (Bar = 25^im).
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2.19a. Longitudinal section through the te s t ic u la r  rudiment at 

day 13 o f gesta tion. (Bar = 50 ^ m ) .

2.19b. Detail of Fig. 2.19a, showing the primordial germ ce lls  

(pgc) and the p re -S e rto l i  c e l ls  (pS) clumping together forming 

sex cords (sc), and m ito t ic  germ c e l l  (mgc) embedded in the 

mesothelium (m). (Bar = 25 ^ m ) .
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. 2.20. Transverse section through the ovarian rudiment at day 13 

o f  ges ta t ion . Note the d iv id in g  germ c e l ls  (mgc) to  form oogonia 

and the i r re g u la r  mesothelium (m). (Bar = 50^im).





Fig. 2.21a. Transverse section o f a portion  o f the te s t ic u la r  rudiment 

at day 14 o f gesta tion . Note the regular mesothelium (m) and the 

well developed tun ica albuginea ( t a ) . (Bar = 50^im).

F ig . 2 .21b . Same as 2.21a a t the  h i l a r  reg ion  , showing the

re la t io n  between a mesonephric tubule (mst) and the te s t ic u la r  

rudiment ( t r ) .  (Bar = 50 ^im).

Fig. 2.22a. Portion o f an ovarian rudiment at day 14 o f gesta tion, 

showing oocytes at the leptotene (o l)  stage of the f i r s t  meiotic 

d iv is io n .  (Bar = 25 jum).

Fig. 2.22b. Same age embryo as in Fig. 2.22a, but oocytes at the 

zygotene stage (oz) o f the f i r s t  meiotic  d iv is io n .  (Bar = 25^Mm).
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2.4. DISCUSSION

Witschi (1948) working on human embryos postulates tha t the PGCs 

reach t h e i r  f i n a l  d e s t in a t io n  under the  in f lu e n c e  o f  a chemical 

substance released from the mesothelial ce l ls  o f the gonadal ridges. 

The observations presented here show tha t the PGCs a rr ive  at the 

location o f the fu tu re  gonadal ridges before the la t t e r  develop. 

Therefore such an explanation fo r  the homing o f PGCs is  d i f f i c u l t  to 

accept, at least in the mouse.

Authors d i f f e r  as to  the  t im e when the gonadal r idges  f i r s t  

appear. While Brambell (1927) recognizes the gonadal ridges on day 8 

post coitum, Upadhyay e t a l  (1979) s ta te tha t they form on day 11 of 

fe ta l  l i f e .  The p re sen t o b se rva t io n s  in d ic a te  th a t  the gonadal 

rudiments develop on day 9 o f  gesta tion . The va ria t ion  in the time o f 

f i r s t  appearance o f  the  gonadal r idges  may be due to  species 

d i f fe re n c e s .  However, Upadhyay et. aj_ (1979) d id  not study the 

development o f the gonad primordia before day 11 of gestation.

The s truc tu re  o f gonadal ridges of male and female embryos o f 

known chromosomal sex has been studied in the pig (P e ll in iem i, 1975a 

&b) and human (P e l l in ie m i,  1976). No study is available describing the 

e a r ly  stages o f  gonadal development in  mouse embryos o f  known 

chromosomal sex. P e ll in iem i (1975a &b) observed that there was no 

d ifference between the s tru c tu re  o f the genetica lly  male and female 

Pig gonads at day 24 o f fe ta l  l i f e .  He states that the te s t is  can be 

distinguished by the presence o f seminiferous cords by day 26 of

gestation.

The observations presented in th is  study indicate tha t there are 

no differences in the s tru c tu re  o f gene tica lly  male and female mouse 

embryos a t day 9-11 o f  g e s ta t io n .  At day 9 post coiturn, the

roesothel iurn in  bo th  sexes c o n s i s t s  o f  a l a y e r  o f  columnar  c e l l s  which
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lack a basal lamina. The mesothelia l ce l ls  are connected to  each other 

by junc t iona l complexes such as t ig h t  junctions and desmosomes. The 

mitochondria are elongated or spherical with i r re g u la r ly  arranged 

cr is tae  and may be associated w ith  rough endoplasmic reticu lum. At day 

10 o f gesta tion , the mesothelium becomes ir re g u la r  in thickness. The 

mesonephric cords have i r re g u la r  p ro f i le s ,  lack a basal lamina and 

contribute c e l ls  to  the gonadal blastema in both sexes. By day 11.5 

post coitum, however, a d if fe re nce  ex is ts  between the gene tica lly  male 

and female gonad rudiments. The former appear la rger in sections and a 

ca p il la ry  penetrates the periphery. The observations are thus in 

agreement w ith P e l l in ie m i (1975a &b, 1976) in tha t no differences are 

present between the g e n e t ic a l ly  male and female gonadal rudiments at 

early stages o f  development. In th is  study, however, the f i r s t  obvious 

difference noticed was the appearance of the tunica albuginea and not 

the seminiferous cords as is  reported by Pellin iem i (1975) fo r  the

pig.

As f a r  as th e  mouse is  concerned, th ree  th e o r ie s  have been 

proposed as to  the o r ig in  o f the blastema. F i r s t ly ,  the blastema 

arises from the mesothelium o f the gonadal ridges (Kingery, 1919; 

Brambel 1, 1927). According to  these authors the p ro l i fe ra t io n  o f the 

mesothelium occurs in the form o f i r re g u la r  masses and not in the form 

of cords or tubu les . The second theory postulates tha t the blastema 

has a mesonephric o r i g i n  (Upadhyay e t a_l_., 1979, 1981). These 

investigators s ta te  th a t  the mesonephroi have rudimentary organization 

and lack conventional g lomeruli and therefore are incapable of any 

excretory a c t i v i t y .  They found tha t at la te r  stages o f development 

( tha t is  a t day 11 o f  g e s ta t io n )  they become organized in to  

mesonephric tubu les . From the ventral extremeties o f the la t te r ,  

mesonephric c e l l s  o r ig in a te  and then begin to colonize the gonadal



area.

Upadhyay et a l .  (1979) report tha t mesonephric c e l ls  which are 

about to or in  the process o f  being mobilized from the mesonephric 

tubules are characterized by the presence o f lysosome-like bodies. 

They suggest th a t these organelles are probably used fo r  the enzymatic 

digestion o f the basal lamina o f the mesonephric tubules.

A dual o r ig in  o f  the blastema, from mesothelial and mesonephric 

ce l ls ,  is a th i r d  idea, proposed by Wartenberg (1981, 1983). In his 

review, Wartenberg (1981) s ta te s  th a t  the mesonephric rudiments 

segregate c e l l s  a t the  t im e when they are s t i l l  made up o f  

undiffe ren tia ted  masses o f  nephrogenic ce l ls  (that is  at day 9 post 

coiturn) and l a t e r  on when they become organized in to  S-shaped 

mesonephric tubules ( th a t is at day 11 o f gesta tion). He states tha t 

the ve n tra l  e x t r e m i t ie s  o f  the l a t t e r  d i f f e r e n t ia t e  in to  small 

vesicles from which c e l ls  are detached. Fraedrich, 1979 (quoted in 

Wartenberg, 1981) also found tha t some of the mesonephric c e l ls  which 

are detached from mesonephric tubules have dark lysosomal granules and 

s im ilar ce l ls  can be traced in to  the gonadal ridges.

The present observations are in agreement with Wartenberg (1981, 

1983) regard ing  the  dual o r ig in  o f  the blastema, from both the 

mesothelial and mesonephric tubule c e l ls .  The observations are also 

s im i la r  to  those re p o rted  in  t h i s  study fo r  the tammar wallaby 

(Chapter 3, p. 141).

At the e a r l ie s t  stage studied (tha t is  at day 9 post coitum), i t  

was found th a t whereas the mesothelium elsewhere is f la ttened , in the 

region of the presumptive gonadal ridges i t  consists o f a layer o f 

h igh ly  columnar c e l l s  which lack  a continuous basal lamina. The 

Mesonephric rud im ents a t t h i s  time co n s is t  o f  u n d i f fe re n t ia te d  

nephrogenic masses having i r re g u la r  p ro f i le s .  At la te r  stages o f 

development ( t h a t  i s  i n  t he  i n d i f f e r e n t  s tages,  day 10 and 11 o f
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g e s ta t io n ) ,  the  mesothelium e x h ib i t s  many m i t o t i c  f ig u re s ,  the 

spindles o f which are a t r ig h t  angles to  the gonadal surface. In the 

absence o f the basal lamina, there is  no l in e  o f  demarcation between 

the mesothelium and the underlying blastema c e l ls .  At th is  stage of 

development the former is  regu la r, consisting of columnar and cuboidal 

ce lls  which appear as pseudostra tif ied  epithelium in some regions. 

During the i n d i f f e r e n t  s tage , c e l l s  which are found between the 

gonadal rudiment and the mesonephric tubules are thought to  derive 

from the la t t e r  because o f the i r re g u la r  p ro f i le  o f the mesonephric 

tubules and the lack o f a continuous basal lamina.

In th is  study mesonephric c e l ls  with darkly s ta in ing  granules, 

such as are described by Upadhyay et a l  (1979) and Wartenberg (1981), 

were also found among the c e l ls  o f the mesonephric tubules: these 

might be required fo r  enzymatic digestion o f the basal lamina, as 

suggested by the former authors.

Wartenberg (1983) postulates that an in te rac t ion  between the 

mesonephric c e l ls  and both the mesothelial c e l ls  and the PGCs occurs. 

According to him, th is  in te ra c t io n  resu lts  in the p ro l i fe ra t io n  o f the 

mesothelial c e l ls  and s tim u la t ion  o f PGC migration to the gonadal 

ridges. He suggests th a t the mesonephric ce l ls  promote the migration 

of PGCs by c e l lu la r  contact using long th in  cytoplasmic processes.

The observations presented here agree with Wartenberg (1981) 

regarding the time o f development o f the rudimentary mesonephroi but 

they d i f f e r  from h is  in t e r p r e ta t io n  in  the time o f  the f i r s t  

appearance o f  p u ta t iv e  gonadal r id g e s . The p r o l i f e r a t i o n  o f the 

mesothelial c e l ls  and the a r r iv a l  o f PGCs to the fu tu re  gonadal ridges 

occur 2 days e a r l ie r  than the time suggested by Fraedrich ,1979 (quoted 

in Wartenberg, 1981). In th is  work, i t  was found that mesothelial 

p ro l i fe ra t ion  and PGC a t t ra c t io n  to  the presumptive gonadal ridges do



not occur under the in f luence o f mesonephric c e l l  migrations to  the 

gonadal ridges as stated by Wartenberg. I f  the mesonephric c e l ls  had a 

s t im u la to ry  e f f e c t  on the  p r o l i f e r a t i o n  o f  the mesothelium and 

attracted PGCs to  the gonadal r idges, one would expect the mesonephric 

ce lls  to be formed at e a r l ie r  stages of development than the gonadal 

ridges.

Wartenberg (1983) suggests a dual function fo r  the mesothelial 

and the mesonephric c e l ls  which, according to him, cons t itu te  the 

blastema. He states th a t the mesonephric and the mesothelial c e l ls  

have s tim ula tory  and in h ib i to r y  e ffec ts  respective ly on the m ito t ic  

a c t iv i t ie s  o f the PGCs.

The o b se rva t ion s  in  t h i s  study c o n tra s t  w ith  the idea o f  

Wartenberg (1983) regarding the s timulatory e f fe c t  o f the mesonephric 

ce lls  on the PGCs, as the l a t t e r  are found to be in m itosis at very 

early stages o f  development, th a t is ,  when they are s t i l l  in the 

hindgut and when they are embedded in the putative gonadal ridges. In 

other words, they are d iv id in g  long before reaching the gonadal ridges 

and in te rac t w ith the mesonephric c e lls  as is  suggested by Wartenberg 

(1983).

The observations presented here are also in disagreement w ith 

Wartenberg's idea o f the in h ib i to r y  e ffec t o f the mesothelium on the 

m ito t ic  a c t iv i t ie s  o f the PGCs. I f  the mesothelium had an in h ib i to ry  

e ffec t on PGCs, one would not expect to f ind  numerous d iv id ing  PGCs 

among the mesothelial c e l ls .  On the contrary, m ito t ic  PGCs are found 

a bu tt ing  on the mesothelium at almost a l l  stages o f  gonadal 

development studied.

Although the reproductive capacities of the gonads establish only 

a f te r  puberty , t h e i r  sex can be recognized e a r ly  in  f e ta l  l i f e  

(Byskov, 1981). The in d i f fe re n t  gonads become sexually recognizable 

when the testes s ta r t  to  d i f fe re n t ia te  in genetic males (Jost, 1970).
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At th is  time, the presumptive females do not show any cha rac te r is t ic  

ovarian s truc tu re  (Brambell, 1927; Franchi, 1962; Jost, 1970; Byskov, 

1981; Ullmann, 1981a; Wartenberg, 1981). They continue to  grow fo r  

some time and then they d i f fe re n t ia te .

There are va r io u s  ideas in the l i t e r a t u r e  regard ing  the 

morphological aspects o f  gonadal sexual d i f fe re n t ia t io n  (see Section 

1 .3 ) .  As f a r  as the  mouse is  concerned, th re e  views have been 

expressed. Some authors believe in mesonephric induction o f sexual 

d i f fe re n t ia t io n  (Brambell, 1927; Upadhyay, 1979, 1981). These authors 

report th a t  the  f i r s t  in d ic a t io n  o f te s te s  development is  the 

appearance, at the periphery o f the gonads, o f the pu ta tive  tunica 

albuginea. The l a t t e r  develops as a downgrowth o f e i th e r  mesenchymal 

(Brambell, 1927) o r mesonephric (Upadhyay, 1981) c e l ls  from the base 

of the gonadal rudiments, between the mesothelium and the gonadal 

blastema.

The second view postulates tha t an "a u to d i f fe re n t ia t io n 11 o f the 

blastema c e l ls  re su lts  in te s t is  d i f fe re n t ia t io n  (Jost, 1981). This 

author studied te s t is  development in ra t embryos. However, according 

to him, the same patte rn  o f sexual d i f fe re n t ia t io n  is  applicable to 

the mouse. This supposition is  supported by the work o f Byskov (1981) 

on the mouse: they observed tha t te s t ic u la r  cords developed in fe ta l 

ind if fe ren t mouse gonads cu ltured without the attached mesonephroi. 

Accord ing ly , these in v e s t ig a to r s  suggest th a t  the t r i g g e r  fo r  

tes t icu la r  d i f fe re n t ia t io n  is  present w ith in  the te s t ic u la r  primordia 

themselves. They suggest tha t th is  t r ig g e r  fo r  seminiferous cord 

development, which is  postulated by Wachtel et a l  (1975) to be an H-Y 

antigen, must be expressed ju s t  before the d i f fe re n t ia t io n  of the 

ts s t is .  However, th is  antigen is not only confined to males, but is 

present in the female o f b irds and Xenopus. the African clawed toad



(Wachtel et a l . ,  1975; Mittwoch, 1977). Moreover, McLaren e t a l  (1984) 

found tha t H-Y antigen was absent from certa in  mice o f male phenotype 

and therefore suggest th a t i t  is  u n l ike ly  to  be responsible fo r  te s t is  

determination.

Wartenberg (1981) has suggested tha t the morphological aspects 

which lead to  sexual d i f fe re n t ia t io n  o f the gonads depend on the 

in te raction  between the gonadal blastema c e l ls ,  which he believes have 

a dual o r ig in ,  from both the mesothelial and the mesonephric c e l ls .  He 

considers his view, which is  based on comparative studies o f gonads in 

d i f fe re n t  mammalian species, to  be s im ila r  to  W itsch i's  (1956) concept 

of cortico-medullary antagonism (see Section 1.3). However he states 

that sexual d i f fe re n t ia t io n  in i t ia te s  as a resu lt  o f in te rac t ion  

between the antagon istic  elements o f the gonadal blastema ra ther than 

the dominance o f one compartment (e ith e r  the cortex or the medulla) 

over the other, as was proposed by Witschi. According to  Wartenberg 

(1981), the d i s t r i b u t i o n  o f  the two kinds o f c e l l s  proceeds 

d i f fe re n t ly  during d i f fe re n t ia t io n  o f the two sexes. Wartenberg's 

(1983) account, however, is  ambiguous: on the one hand he states tha t 

the blastema is  a mixture o f mesonephric and mesothelial c e l ls ,  while 

on the other hand, he reports tha t dark (mesonephric) ce l ls  penetrate 

the gonadal blastema. He states "In the case o f male d i f fe re n t ia t io n  

the tendency o f the dark, mesonephric ce l ls  to penetrate the gonadal

blastema in a peripheral d ire c t io n ,  increases u n t i l  the dark ce l ls

dominate in the su p e r f ic ia l  region. I f  a te s t is  develops, a layer of 

dark c e l l s  f i n a l l y  separates the gonadal blastema from the most 

superf ic ia l ep ithelium. This layer represents the primordium of the 

tunica albuginea . . .  In the case o f female d i f fe re n t ia t io n ,  dark ce l ls  

hardly penetrate in to  the su p e r f ic ia l  region."

In th is  study i t  was found tha t on day 12 of gestation some of

the blastema c e l ls  swell, acquire less a f f i n i t y  fo r  the stains used
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and clump together enclosing the prespermatogonia to  form the sex 

cords. Thus the observations here are consistent with those o f Jost 

(1981) and those reported in th is  study fo r  the tammar wallaby, the 

bettong and the potoroo (Chapter 3, p. 144). Sexual d i f fe re n t ia t io n  o f 

the te s t is  occurs as a re su lt  o f "a u to d if fe re n t ia t io n "  o f the blastema 

forming the seminiferous cords. The resu lts  are also in agreement with 

Byskov et a l  (1981) in tha t the t r ig g e r  fo r  te s t is  d i f fe re n t ia t io n  is 

present w ith in  the te s t ic u la r  rudiments themselves.

While most in v e s t ig a to r s  b e lie ve  th a t  the appearance o f the 

tunica albuginea is  the f i r s t  ind ica tion  o f te s t ic u la r  d i f fe re n t ia t io n  

(Brambell, 1927; Upadhyay et a l . ,  1979), some report tha t the f i r s t  

sign o f in c ip ie n t  te s t ic u la r  development is  the aggregation o f PGCs 

and th e i r  enclosure by the fu tu re  S e rto l i  c e l ls  to form the te s t ic u la r  

cords (Byskov, 1981).

The re su lts  reported here reveal tha t the sexual d i f fe re n t ia t io n  

of the in d i f fe re n t  gonad in to  a te s t is  is  in i t ia te d  on day 12 post 

coitum. The f i r s t  ind ica tion  of te s t is  development is the appearance 

of a l in e  o f demarcation between the investing mesothelium, which 

becomes regular in thickness, and the underlying blastema. At th is  

time connective t issue  c e l ls  (the putative tunica albuginea) appear in 

the fu tu re  te s t is  between the mesothelium and the gonadal blastema. 

Simultaneously w ith the development of the tunica albuginea, blood 

ca p il la r ie s  invade the periphery o f the te s t is  and extend along i t s  

length.

The development o f the presumptive seminiferous cords is the 

second event o f te s t ic u la r  d i f fe re n t ia t io n  observed.

The ob se rva t io n s  presented here are in agreement w ith  those 

described by Brambell (1927) and Upadhyay (1979) in tha t the f i r s t  

event of sexual d i f fe re n t ia t io n  of the te s t is  in the mouse is the
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development o f  the  presumptive tu n ic a  a lbug inea and not the 

seminiferous cords as is  reported by some authors (Byskov, 1981).

The present observations confirm the well known fac t tha t during 

the period o f sexual d i f fe re n t ia t io n  o f the te s t is ,  the prospective 

ovary maintains the features o f the in d i f fe re n t  stages described 

above. I t  is  made up o f randomly d is t r ib u te d  germinal and blastemal 

cells and invested w ith  a mesothelium which is  ir re g u la r  in thickness. 

At th is  time, the mesothelium of the pu ta tive  te s t is  becomes regular 

in thickness.

The resu lts  presented here ind icate tha t at the in d i f fe re n t  stage 

and in the ovarian rudiments, both the mesothelial and the blastemal 

cells vary in t h e i r  a f f i n i t y  fo r  the sta ins used. At the time of 

sexual d i f fe re n t ia t io n  o f the gonads, some of the blastema ce lls  

d if fe re n t ia te  in to  connective tissue c e l ls  (the tunica albuginea) 

while others become p re -S e rto l i  c e l ls .  Wartenberg (1983) believes that 

sexual d i f fe re n t ia t io n  o f the te s t is  in the rabb it and mouse in i t ia te s  

as a resu lt  o f d is s im i la r  organization o f the mesothelial and the 

mesonephric c e l l s  to  which he im putes  d i f f e r e n t  s ta in in g  

characteris tics (see p. 64). The resu lts  o f th is  study do not support 

such an i n t e r p r e ta t io n  and i t  appears th a t  these ideas are not 

applicable to the mouse, since neither the size, shape nor a f f i n i t y  

for the stains are re l ia b le  c r i t e r ia  fo r  d is t ingu ish ing  between these 

2 ce ll types at early  stages o f gonad development.

The development o f mouse ovaries has been the subject of several 

studies (Brambell, 1927; Borum, 1969; Upadhyay et a l . ,  1979; Byskov, 

1981; Grinsted, 1981; Fraedrich, 1979, quoted in Wartenberg, 1981). 

Mouse ovaries are characterised by immediate meiosis: oogonia enter 

the prophase o f the f i r s t  meiotic d iv is ion  1 day (Brambell, 1927, 

Borum, 1961), 2 days (Upadhyay e t a l . , 1979) or 3 days (Odor & 

Blandau, 1969) a f te r  gonadal sexual d i f fe re n t ia t io n .  The observations



in th is  study ind ica te  th a t oogonia enter meiotic d iv is ion  a day a f te r  

gonadal sexual d i f fe re n t ia t io n s  (see p. 43). Therefore the results are 

cons is ten t w ith  those o f  Brambell (1927) and Borum (1961). The 

varia tion between d i f fe re n t  authors in the time o f in i t ia t io n  of 

meiosis may be due to  species d if fe rences since d i f fe re n t  species were 

used.

While most inves t iga to rs  (Brambell, 1927; Odor & Blandau, 1969; 

Upadhyay et a l . ,  1979) do not re fe r  to  the synchronization of the 

rmeiotic d iv is io n  o f oocytes, Borum (1961) states tha t the synchronism 

is absolute only a f te r  2 days o f the i n i t i a t io n  of meiosis. She found 

that oogonia, leptotene and zygotene stages are a l l  present on day 14 

post coitum while pachytene is  the dominant stage in the ovaries of 16 

day old embryos. The resu lts  presented here (p .43) show that on day 13 

of gestation only some o f the oogonia enter the prophase of the f i r s t  

meiotic d iv is io n  but by day 14 the m a jo r ity  have entered meiosis and 

are found in groups o f morphologically s im ila r  c e l ls .  The results are 

thus in agreement w ith  those o f Borum (1961) in tha t the synchrony o f 

the d iv is io n s  is  not complete when meiosis f i r s t  begins. The 

observations, however, d i f f e r  from those o f Borum in tha t synchrony in 

d iv is io n s  occurs 1 day and not 2 days a f t e r  the commencement o f  

meiosis. The re su lts  also d i f f e r  from those described in th is  study 

for the potoroo, in  which the meiotic  a c t iv i t ie s  o f the oocytes are 

not synchronized (Chapter 3, p. 157).

In th is  study pupoid foetus which is  a mutant species of mice has 

been used. The homozygous p u p o id  fo e tu s  embryos show some 

characteris t ic  ectodermal abnormalities due to the presence of mutant 

9enes and the mutation is  s itua ted  upon chromsome no. 8 (Watson, 

1978).

The f i r s t  e x te rn a l  m orpho log ica l fe a tu re s  which d is t in g u is h



mutant from normal embryos are the presence of a small d is t in c t  t a i l  

tw ist and rounded fore lim bs. On the other hand, in the s im ila r ly  aged 

normal embryos, the t a i l  is  qu ite  s tra ig h t and the forelimbs tend to 

be paddle shaped and show the f i r s t  sign o f foot p la te  development. 

These p e c u l i a r i t i e s  do not express themselves u n t i l  la te  in 

development, tha t is  at day 11.5 o f gestation.

Since the mutation a ffec ts  ectodermal structures i t  is  perhaps 

not surpris ing tha t no abnormalities were detected in the gonad stages 

studied.



CHAPTER THREE

GONAD DEVELOPMENT IN MACROPOD MARSUPIALS:

HACROPUS EUGENII. BETTONGIA GAIMARDI AND POTOROUS TRIDACTYLUS



3.1. INTRODUCTION

The development o f gonads from the in d i f fe re n t  stages has been 

described fo r  5 species o f marsupials (opossum: Moore, 1939; Morgan, 

1943; native cat: Fraser, 1919; Ullmann, 1984; long-nosed and short­

nosed bandicoots: Ullmann, 1981b; tammar wallaby: Alcorn, 1975).

O'Donoghue (1912) reported  on the corpus luteum and p o lyovu la r  

fo l l i c le s  (POFs) in the native cat and on the i n t e r s t i t i a l  gland 

tissue (IT) in the b rush-ta iled  possum (O'Donoghue, 1916). Hartman

(1926) described POFs in the ovaries o f the opossum.

Moore (1939) and Morgan (1943) maintain the now obsolete idea of 

the mesothelial o r ig in  o f primordial germ ce lls  (PGCs).

In marsupials the f o l l i c l e  ce l ls  have been described as aris ing 

from the stroma (Morgan, 1943), the rete cords (Alcorn, 1975) or from

both the medullary cords and the mesothelium (Ullmann, 1986).

While the IT has been considered to d i f fe re n t ia te  e ith e r  from the 

stroma (O'Donoghue, 1918) or from undiffe rentia ted ce l ls  in the stroma 

(Ullmann, 1984b), Alcorn (1975) believes that the IT orig inates from 

the medullary cords.

POFs have been reported  in the ovaries  o f  the na tive  cat

(O'Donoghue, 1912), opossum (Hartman, 1926); tammar wallaby (Alcorn, 

1975) and potoroo (Ullmann, 1983). O'Donoghue (1912) and Hartman 

(1926) found tha t POFs form as a resu lt of in s u f f ic ie n t  numbers of 

f o l l i c le  c e l ls .  On the other hand, Alcorn (1975) believes that POFs 

orig inate from a fa i lu re  of oogonia, which are joined by in te rc e l lu la r  

bridges, to separate before they become surrounded by f o l l i c l e  ce lls .

Most o f  the s tu d ies  on marsupial gonads are at the l ig h t  

microscopic leve l.  The only u l t ra s tru c tu ra l  observations available are 

those of Alcorn (1975) and Ullmann (1981b) on the PGCs of the tammar 

dnc* bandicoot respect ive ly ; and those of Ullmann (1978) on the primary
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f o l l i c le s  o f the bandicoot.

This c h a p te r  a ttem pts  to  p rov ide  a d e s c r ip t io n  o f gonad 

development in macropod marsupials u t i l i z in g  3 d i f fe re n t  species,

Macropus eug e n i i , Bettonqia qaimardi and Potorous t r id a c tv lu s . The 

study was mainly performed at the l ig h t  microscopic level but where 

material was a va ila b le  (as in the case o f the potoroo) also at the 

u l t ra s t ru c tu ra l  le v e l .

In the  p o to ro o ,  the  study a lso  inc ludes  some q u a n t i ta t iv e

analysis o f ovarian growth parameters, i . e .  estimation o f both ovarian 

volumes and a lte red  c o r t ic a l  and medullary volumes w ith  age.

Although gonad development in the tammar wallaby has previously 

been i n v e s t i g a t e d  by A lc o rn  (1 9 7 5 ) ,  em b ryon ic  gonads are 

re investigated in th is  study to provide the in d i f fe re n t  stages, which 

are not ava ilab le  fo r  the bettong or the potoroo. The la t te r  are slow 

breeders (Bates e t a j_ ., 1972) and i t  is  d i f f i c u l t  to  ob ta in  the 

appropriate stages.

Other aims o f th is  p ro jec t are to t r y  and throw some l ig h t  on the 

h ithe rto  unsolved problems regarding the o r ig in  o f the d if fe re n t 

tissues o f the gonad which have been l is te d  in Section 1.1 and to

compare the process o f  gonadal d i f fe re n t ia t io n  in marsupials and

eutherians.

3*1*2. Descrip tion and d is t r ib u t io n  of the macropods used in  th is  

studv: Potorous t r id a c tv lu s .  Bettonqia qaimardi and Macropus 

euqeni i

3 .1 .2 .1 . Potorous t r id a c tv lu s

The potoroo is  one of the lesser known Austra lian marsupials 

(Guiler, I960) because i t  is  nocturnal (Bates et al.., 1972; Collins, 

1973). i t  is  now rare in mainland Austra lia , but s t i l l  common in 

Tasmania where i t  i s  f u l l y  p r o t e c t e d  (Guiler, 1960; Hughes, 1962,
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Bryant & Rose, 1986). I t s  natura l hab ita t is  among densely growing 

grasses or heaths p a r t ic u la r ly  in wet areas (Bates et al.., 1972).

The form o f  the body is  t y p i c a l l y  macropod ( i . e .  l i k e  the 

kangaroo, see F ig . 3 .2 ) but the  h ind legs do not reach the same 

development as in the kangaroo. The t a i l  is  r a t - l i k e ,  and that is  why 

i t  is  also ca lled  the ra t  kangaroo (G u ile r, 1960). The size o f the 

adult potoroo is  about the same as tha t o f a rabb it and i t s  weight is  

about 1500gm (Ullmann & Brown, 1983).

The po to roo  is  p o lyo es tro u s  and breeds throughout the year 

(Hughes, 1962; Bryant & Rose, 1986). I t  has the longest gestation 

length (about 38 days) known in marsupials and one o f the longest 

oestrous cycles (42 days) w ith in  the Macropodidae (Rose, 1978). The 

potoroo is  monovular and has a very low reproductive potentia l (Bates 

et a l . ,  1978).

The e a r ly  development o f the young takes place inside the uterus. 

The placenta is  p r im i t iv e ,  develops from the yo lk  sac and is called a 

yolk sac placenta.

The young is  born in a very immature s ta te  o f development insp ite  

of the r e la t iv e ly  long gestation period. I t  continues i t s  development 

in a pouch or marsupium which contains the teats o f the milk glands. 

At b i r th  most o f the sense organs are non-functional and the eyes are 

not open (see Fig. 3 .3 ) .  The hindlimbs o f the potoroo pouch young are 

smaller than the forelimbs at b i r t h ,  but gradually become larger and 

assume the macropod form. The potoroo has a re la t iv e ly  short pouch 

l i f e  o f 3-4 months (Rose, personal communication); the young suckle 

fo r about 2 months while permanently attached to the teat and fo r  

another 2 months a f te r  which they vacate the pouch (Ullmann & Brown, 

1983).
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3.1 .2 .2 . Bettonqia qaimardi

The bettong is  a ra t  kangaroo characterised by i t s  burrowing 

h ab it  (Tyndale B iscoe, 1969). P rev io us ly  i t  was d is t r ib u te d  on 

mainland A u s t r a l ia  but now i t  is  found o n ly  in  the open fo re s t  

habitats o f eastern Tasmania (Rose, 1986). The la t t e r  considers the 

conservation s ta te  o f the bettong to be in danger due to i t s  l i a b i l i t y  

to the in troduc tion  o f eutherian predators and changes in land use. 

Like the potoroo, the bettong is  a continuous breeder and displays 

embryonic diapause. That is ,  the females enter post partum oestrous 

and the re s u lt in g  embryos develop to an early  blastocysts stage but 

then remain quiescent u n t i l  the pouch young is  lo s t  or stops suckling 

(Shaw & Rose, 1979).

In c o n t ra s t  to  the  po to roo , the be ttong has the s h o r te s t 

gestation length (21.1 days) and oestrous cycle length (23.2 days) of 

the macropods (Rose, 1978). The pouch l i f e  is  approxim ate ly 3-4 

months.

3 .1 .2 .3 . Macropus euqenii (F ig. 3.4)

The tammar is  a small wallaby which l ives  in low scrub where i t

moves ra p id ly , hopping low to the ground with the forelimbs held away

from the body (A lcorn, 1975). I t  is d is t r ib u te d  in south and west

Australia but is  common now in the two islands o f Houtman's Abrohos 

and on Kangaroo is lands (Alcorn, 1975).

The tammar is  a seasonal breeder (Tyndale-Biscoe, 1968; Renfree, 

1982) and has a gesta tion  length o f 28.3 days and an oestrous cycle of 

28.4 days (Rose, 1978).

3-2. MATERIALS MO METHODS 

3*2.1. Source o f m ateria ls

3*2.la . Bettonoia qaimardi

13 female pouch young,  ran g in g  in age between 2.5 days and 12



weeks were used (see Appendix). They were obtained, in a fixed state, 

from two sources:

1) Dr D. D arre ll K itchener, Curator, Western Austra lian Museum.

2) Dr R. W. Rose, Zoology Department, U n ivers ity  o f Tasmania.

3.2.1b. Macropus euqenii

4 embryos and 23 pouch young aged from 2-18 days were studied 

(see Appendix). They were supplied, fixed in formaldehyde, by Dr C.H. 

Tyndale-Biscoe, CSIRO, D iv is ion o f W i ld l i fe  and Rangeland Research, 

Canberra.

3.2.1c. Potorous t r id a c tv lu s

Ovaries o f 88 pouch young and 12 adults were used (see Appendix). 

They came from the fo l low ing  sources:

1) Dr Robert Gemmel, Department o f Anatomy, U n iv e rs i ty  o f  

Queensland.

2) Dr D. D arre ll K itchener, Curator, Western Australian Museum.

3) Dr Megirian, Department o f Anatomy, Univers ity  o f Tasmania.

4) Dr R.W. Rose, Zoology Department, University o f Tasmania.

5) Dr S.L. Ullmann, Zoology Department, Univers ity  of Glasgow.

6) The H i l l  C o llec tion  of the Central Embryological Collection of 

the Hubrecht Laboratory, Utrecht, The Netherlands.

3.2.2. Sexino o f pouch young

3.2.2a. Macropus euqenii

The phenotypic sex o f the male pouch young was obvious at day 3 

of pouch l i f e  by the appearance o f scrotal anlagen and th is  is in 

accordance with A lco rn 's  (1975) observations. On the other hand, the 

pouch primordium was v is ib le  only at la te r  stages, that is at day 8 of 

pouch l i f e  and thus the younger females were id e n t i f ie d  by a process 

of e lim ina tion .
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3.2.2b. Potorous t r id a c tv lu s

Determination o f chromosomal sex was attempted on a s ing le  new 

born pouch young, using the methods previously described in Section

2.2.3. However these techniques, which worked on the mouse, were 

unsuccessful and did not y ie ld  the sex o f the pouch young. Since only 

a s ingle specimen was ava ila b le , fu r th e r  experiments to determine the 

chromosal sex were not possib le.

3.2.3. Age determination o f pouch young

Where date o f b i r t h  o f pouch young was known, the day o f b ir th  

was des ignated  as day "0 " .  Age d e te rm in a tio n  was c a r r ie d  out by 

in d i r e c t  methods where exact date o f  b i r t h  was unknown. Age was 

estimated by comparing the l in e a r  body measurements and body weights 

with growth curves prepared by Hughes (1961) and a nanometer designed 

by Guiler (1960). The l in e a r  measurements taken fo r  most pouch young 

included: crown-rump, manus, head, ges, t a i l  and ear lengths. A tab le  

of body weights and measurements has been compiled from the data so 

obtained (see Appendix C ).

3 .2.4. H is to lo g ica l procedures

a) The f re s h  o v a r ie s  o f  pouch young and a d u lt  potoroos were 

dissected out as described in Section 2 .2 .2 . and the gonads were 

f ix e d  f o r  both l i g h t  and e le c t ro n  m icroscop ic  s tud ies  as 

prev ious ly  described in Section 2.2.4.

b) The specimens ob ta ined  from the H i l l  C o l le c t io n  had been in 

alcohol fo r  a long period o f time and were therefore soaked in 4% 

phenol in 70% alcohol fo r  2-3 days p r io r  to fu r th e r  processing, 

in order to  soften the tissues.

c) The gonads o f  2-18 day o ld  w allaby pouch young, which were 

o b ta in e d  f i x e d  in  f o rm a ld ehy d e ,  were c a r e f u l l y  d i s s e c te d  out w i th



scissors and f in e  surg ical forceps and washed in several changes 

o f 70% a lcoho l. They were then dehydrated, cleared and embedded 

in p a ra f f in  wax as described in Section 2.2.4.1a.

d) The caudal parts  o f  the wallaby embryos were dehydrated, cleared 

and embedded in  pure p a r a f f in  wax as described in  Section 

2.2.4.1a w ith  a s l ig h t l y  longer dehydration time, on account of 

the la rge r s ize  o f  the specimens.

e) The gonads were sectioned transve rsa lly  or lo n g itu d in a l ly  at 5pm 

w h i le  the  caudal p a r ts  o f  pouch young were cu t at 8pm. The 

sections were then stained with Mayer's haemalum and eosin or 

M a l lo r y 's  s t a i n ,  using standard h is tochem ica l techniques 

(Humason, 1979). M a l lo r y 's  s ta in  is  a good general s ta in  

espec ia lly  fo r  collagen and connective tissues. The sections were 

examined w ith  a Wild M5 microscope.

3.2.5. Photography and Drawings

a) The reproductive t ra c ts  o f the potoroo pouch young were dissected 

out and tra n s fe rred  to  70% ethyl alcohol p r io r  to photogarphy. 

Photographs were taken under inc ident l ig h t  only, against a black 

background, using a Wild M20 photomicroscope and Kodak Panatomic 

x f i l m .  In the  case o f  o ld e r  pouch young, an Asahi Pentax 

spotmatic w ith  105 mm lens and extension bellow was used.

b) The reproductive t ra c ts  o f the potoroos and wallaby pouch young 

were drawn using a camera luc ida.

The se c t io n s  were examined using a Wild M20 microscope and 

photographed using Kodak Panatomic x f i lm .

3 * 2 . 6 .  E s t i m a t i o n  o f  o v a r i a n  volumes

Ovar ian  volumes o f  2 a d u l t  and 18 pouch young potoroos rang ing in  

a9e between 1-120 days were e s t i m a t e d ,  us in g  a morphometr ic method



developed and applied by Berkwits and Iannaccone (1985) to measure 

l iv e r  patch s ize in chimeric ra ts .  This method was incorporated in to  a 

computer program, w r i t te n  in Basic by Dr D. Neil (Zoology Department, 

University o f Glasgow) and used in the present study. Ovarian volumes 

were measured as fo l low s :

1) The ou t l in e s  o f  ind iv idua l sections o f a s e r ia l ly  sectioned ovary 

were traced by means of a camera lucida attached to a binocular 

Wild M5 m icroscope, using m a g n if ic a t io n s  o f  x60 and x40 fo r  

younger and o lder pouch young respective ly . The in te rva l between 

sampled sections was chosen according to the size o f the ovary 

and the  v a r ia t io n  in area between consecutive  se c t io ns . In 

younger ovaries , cut at 5 ^pm, every 5th section was measured and 

in the o lde r ovaries, cut at 8 ym or 10^pm, every 10th, 15th or 

20th section was measured. To provide a ca l ib ra t io n ,  a l ine  was 

traced  from a stage m icrometer sca le a t the corresponding 

m agn if ica tion .

2) The drawings were positioned on a Summagraphic d ig i t iz in g  tab le t  

connected to  a BBC B microcomputer.

3) A cursor was positioned over each end o f the ca lib ra t ion  l in e  in 

tu rn , so th a t  t h e i r  co-ordinates were entered in to  the computer 

program. The real length o f the ca lib ra t io n  l in e  was also entered 

from the keyboard. From these values the program calculated a 

convers ion  f a c to r  to  p ro v id e  the re s u lts  in  real u n its  o f  

measurements.

4) The o u tl in es  o f the ovaries and, in the case o f the older pouch 

young, the medulla as well were traced by the d ig i t iz e r  cursor 

key, which streamed co-ordinates in to  the program.

5) Area computation was performed by the program using an algorithm 

based upon Green's theorem (Berkwits & Iannaccone, 1985).
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The volumes o f the truncated cones formed between the adjacent 

measured sections were ca lcu la ted . These values were integrated to

y ie ld  the to ta l  volume o f the ovary (and medulla when appropriate).

Separate values f o r  the  volume o f the co r te x  were obtained by

subtraction. A growth curve o f "regression l in e "  was drawn using a 

standard programme. The equations are shown in Fig. 3.55, 3.56 and 

3.57.

3.3. RESULTS

3.3.1. Early gonad development and sexual d i f fe re n t ia t io n  

3.3.1a. Macropus euoenii 

3 .3 .1 a . l .  Development at day 24 of embryonic l i f e : (Fig. 3.7)

The mesonephroi are la rg e  w e ll developed s t ru c tu re s .  The 

mesonephric tu b u le s  have re g u la r  p r o f i le s  and do not appear to

contribute to  the gonadal blastema.

The elongated gonad rudiments are invested by a mesothelium which 

is more or less regu la r in thickness (1-2 c e l ls  th ic k ) .  I t  consists of 

flattened to  cuboidal c e l ls ,  some o f which are exh ib it ing  mitosis. The 

m ito tic  spindles o f  the mesothelial ce l ls  are perpendicular to the 

gonadal surface.

The pr im ord ia l germ c e l ls  (PGCs) are larger than the blastema 

ce lls ,  possess ve s icu la r  nuclei w ith beaded chromatin and prominent 

nucleo li. The blastema is  made up of two ce ll  types: a few small 

f ib ro b la s t - l ik e  c e l ls  and la rger ir re g u la r  ce l ls  which form the bulk 

° f  the blastema.

3 .3 . l a . 2. Development at day 25 of embryonic 1 i f e  (Fig. 3.8)

No fu r th e r  d i f fe re n t ia t io n  is evident over the previous stage 

except fo r  the a r r iv a l  o f more PGCs in the gonad rudiments.

The mesothelium is  several layers in thickness and consists of

c u b o i d a l  t o  c o l u m n a r  c e l l s  w i t h  many PGCs embedded i n  i t .  B lood



c a p i l la r ie s  w ith  nucleated erythrocytes are found at the h i la r  region.

3 .3 . l a . 3. 2 day old pouch vouno

At th is  stage, the gonad rudiments are compact, shorter and more 

rounded than a t the previous stage. M ito t ic  figures are found among 

a l l  c e l l  types. A few mesonephric tubules s ta r t  to  degenerate. Many 

m ito t ic  f ig u re s  are observed among the mesothelial c e l ls .

3 .3 . l a . 4. 3 day old pouch vouno (Fig. 3.9 , 3.10 & 3.11)

A t day 3 o f  pouch l i f e ,  th e  sex can be d is t in g u is h e d  

macroscopically in the males by the presence o f the scrotal rudiments. 

The prospective testes are characterized by the appearance o f the 

tunica albuginea and the clumping o f the fu tu re  S erto l i  ce l ls  to form 

seminiferous cords. The tunica albuginea is  not well developed. I t  

consists o f  a few small f ib ro b la s t - l ik e  c e l ls .  The testes become more 

vascularized by the invasion o f blood c a p i l la r ie s  from the adjacent 

mesonephroi.

In the presumptive ovaries, on the other hand, no d i f fe re n t ia t io n  

occurs over the previous stages except fo r  an increase in size due to 

the m ito t ic  a c t i v i t ie s  o f a l l  c e l l  types.

3 .3 . l a . 5. 4-5 day old pouch voung 

3 .3 . l a . 5 .1 . The te s t ic u la r  rudiments (Fig. 3.13)

The te s t i c u la r  rudiments become more vascularized with a large 

blood vessel extending along the length o f the gonad w ith in  the tunica 

albuginea. The la t t e r  is  well developed and consists o f several layers 

of f ib r o b la s t - l i k e  c e l ls .  The mesothelium is  regular in thickness with 

a few c e l ls  in m itos is , the spindles being oriented tangential ly .  A 

continuous basement membrane l ie s  in terna l to  the mesothelium. The 

sem in ife rous cords are a lso  w e l l  developed and made up o f  many 

d i v i d i n g  germ c e l l s  (p resperm atogon ia )  and p r e - S e r t o l i  c e l l s ,  the



la t te r  being randomly d is t r ib u te d  w ith in  the cords.

3 .3 . l a . 5.2. Jhe ovarian rudiments (Fig. 3.12 & 3.14)

There is  no l in e  o f demarcation between the mesothelium, which 

lacks a basement membrane, and the underlying c e l ls .

3 .3 . l a . 6 6~8 day pouch young

3 .3 . l a . 6 .1 . Jhe te s t ic u la r  rudiments (F ig. 3.15 & 3.17)

The t e s t i c u l a r  rud im ents are w e l l  developed and con ta in  

sem in ife rous  tu b u le s  which, in  lo n g i tu d in a l  s e c t io n s ,  appear to  

radiate from the h i l a r  region. The seminiferous tubules are surrounded 

by a basement membrane. F ib ro b la s t- l ik e  c e l ls  are found in between the 

seminiferous tubu les . A few PGCs are trapped in the mesothelium which 

is now made up o f  f la t te n e d  c e l ls  and only a few cuboidal c e l ls .  The 

tunica albuginea consists o f several layers o f loose f ib ro b la s t  ce l ls  

and collagen f ib re s .

3 .3 . l a . 6 .2 . Ihe ovarian rudiments (Fig. 3.16)

At day 6 o f  pouch l i f e ,  the ovarian  rudiment becomes more 

vascularized but the blood c a p i l la r ie s  never reach the mesothelium. 

Some o f the  female germ c e l l s  s t i l l  have n u c le i w ith  a beaded 

chromatin arrangement.

3.3.1b. Bettonoia oaimardi 

3 .3 . l b . 1. 1 day old pouch young (Fig. 3.18)

At b i r t h  the  sex can be d is t in g u is h e d  m ic ro s c o p ic a l ly . The 

te s t ic u la r  rudiments are characterized by the development o f the 

tunica albuginea, cons is t ing  o f a few f ib ro b la s t - l ik e  ce l ls  internal 

to the mesothelium. At the h i la r  region small darkly sta in ing ce lls  

having i r re g u la r  nuclei are found. These mesonephric mesenchymal ce lls  

can be tra ce d  in to  the  gonad and could be m ig ra t ing  from the

80



mesonephroi.

A few blood c a p i l la r ie s  w ith  nucleated erythrocytes have reached 

the h i l a r  re g io n  from the ad jacen t mesonephroi which are w e ll 

developed at th is  stage.

The neonate ovarian rudiments can be recognized by a process o f 

e lim ina t ion . They are invested by an i r re g u la r  mesothelium made up o f 

cuboidal to  columnar c e l ls .  The female germ ce l ls  are distinguished by 

th e i r  large s ize , ves icu la r nu c le i,  prominent nucleo li and beaded 

chromatin d is t r ib u t io n .  Some o f the germ ce lls  are d iv id ing  and are 

found embedded in the mesothelium. The blastema is  o f 2 ce ll  types: 

small f i b r o b la s t - l i k e  c e l ls  and large ir re g u la r  ce l ls  possessing 

i r re g u la r  nucle i and prominent n u c le o li .

3 .3 . l b . 2. 2 day old pouch vouno (Fig. 3.19)

During the second day o f pouch l i f e ,  the testes are surrounded by 

a more or less regu la r mesothelium consisting o f cuboidal to f la ttened 

c e l ls .  A c a p i l la r y  extends along the length o f the male gonads w ith in

the tun ica albuginea. The la rge r c e l ls  o f the blastema are clumped

together, forming the fu tu re  seminiferous cords. Within the la t te r  

male germ c e l ls ,  which may be d iv id in g ,  and a few small f ib ro b la s t ­

l ik e  cel Is are found.

3.3.1c. Potorous t r id a c tv lu s

3 .2 .1c.1. 2-3 day old pouch vouno (Fig. 3.20-3.24)

At b i r th  the te s t ic u la r  rudiment can be distinguished by the

development o f the tun ica albuginea.

During the f i r s t  few days o f pouch l i f e  the ovarian rudiment is a 

compact s truc tu re  consisting  o f uniform ly d is tr ibu ted  germinal and 

blastemal c e l ls  (F ig . 3.20) and invested with an ir reg u la r  mesothelium 

which lacks a basal lamina. The mesothelial ce l ls  are connected to 

each other at th e i r  free surfaces by junctiona l complexes such as
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zonula occludens or t i g h t  junc t ions , zona adherens or intermediate 

ju n c t io n s  and macula adherens o r desmosomes (F ig .  3 .2 1 ) .  The 

mesothelial c e l ls  are cuboidal in shape and a few short m ic ro v i l l i  are 

seen p ro jec t ing  from th e i r  free surfaces. The i r re g u la r ly  shaped 

nuclei may be indented and the chromatin clumps together forming 

randomly d is t r ib u te d  masses. The nucleo li are s ing le . The cytoplasm is 

r ic h  in  s c a t te re d  ribosomes and small e longated and spherica l 

mitochondria w ith  i r r e g u la r ly  arranged c r is ta e .  The mitochondria are 

usually associated w ith  short strands o f rough endoplasmic reticulum 

(ER) which sometimes became U-shaped, surrounding the mitochondria. 

Small p ro f i le s  o f  smooth ER are also found scattered in the cytoplasm. 

The above described organelles are mostly situated at the apices o f 

the mesothelial c e l ls .  At the base o f the mesothelial c e l ls ,  the 

plasma membrane is  h ig h ly  fo lded, the processes in te rd ig i ta t in g  with 

those from neighbouring c e l ls .  Vacuoles o f d i f fe re n t  sizes, some empty 

others w ith  a dense co re , are found near the surface  o f  these 

mesothelial c e l ls .

The female germ c e l l s  ( the  oogon ia ), some o f which are 

binucleated, can be d istinguished from the surrounding somatic ce lls  

on the basis o f t h e i r  s ize , shape and th e i r  spec if ic  a f f i n i t y  fo r  the 

stains used. They are spherical in shape and are larger than the 

blastema c e l ls  (F ig . 3.20 & 3.22). The c e l l  membrane is ir reg u la r  in 

ou tl ine . Their cytoplasm is more e lectron dense than that of the 

stroma, apparently due to  the presence o f abundant ribosomes and 

polyribosomes. The cytoplasmic organelles o f the oogonia are mostly 

clustered at one side o f the nucleus. These organelles comprise small 

vesicular or elongated mitochondria with i r re g u la r ly  arranged c r is tae . 

In addition , the oogonia are characterized by the presence of a large 

number of strands o f rough ER which may be found in association with
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the mitochondria, nuclear envelope or the plasma membrane. Moreover, 

several p ro f i le s  o f well developed Golgi complex, large l ip id  droplets 

and membrane-bound vesic les are also found. The la t t e r  vary in size 

and shape and appear to  be e i th e r  empty or contain an electron dense 

core. The i r r e g u la r ly  shaped nucleus, which may be indented, contains 

a w e l l  d e ve lo p e d  n u c le o lu s .  In  th e  o o g o n ia l  nuc leus  th e  

heterochromatin is  e i th e r  re s t r ic te d  to  the periphery, forming a 

beaded con figu ra t io n , or is  d is t r ib u te d  throughout the nucleus (Fig. 

3.20).

A few germ c e l ls  are found in group o f 2-3 c e l ls ;  some may be 

pykno t ic  (F ig .  3 .2 3 ) .  A few oogonia may possess lysosomes and 

m u lt ives icu la r bodies w ith  many ves ic les and dense granules.

In the blastema o f the ovary, two c e l l  types can be recognized; 

large c e l ls  w ith  more or less spherical nuclei and smaller i r re g u la r  

ce lls  w ith i r re g u la r  or elongated nuclei (F ig. 3.20). These ce ll  types 

d i f f e r  from each other in the d is t r ib u t io n  o f the heterochromatin in 

the nucleus. The la rge r blastema c e l ls  are characterized by an even 

d is t r ib u t io n  o f the heterochromatin, while in the smaller ce l ls  i t  

aggregates together forming small masses around the nuclear envelope 

as well as w ith in  the nucleus. Both blastema ce ll  types have small 

spherical or rod shaped mitochondria, few p ro f i le s  o f Golgi complexes 

and rough and smooth ER. These organelles, however, are found in 

larger quan tity  in the cytoplasm o f the small blastema ce l ls .  Some o f 

the la t t e r  become crescent-shaped, and a few have m ult ives icu la r body 

w ith  a double membrane and seve ra l v e s ic le s  and c e l l  debris  and 

surround the female germ c e l ls  (F ig. 3.24). Invaginations occur in 

both the c e l l  membrane and the m u lt ives icu la r  bodies. Membrane-bound 

dense bodies are observed in some blastema c e l ls .

3*3.2. Further di f f e re n t i  at ion o f the ovary
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The scheme fo r  a c la s s i f i c t io n  o f f o l l i c l e s  in mouse ovaries 

proposed by Pedersen & Peters (1968) (see Fig. 3.1) is  used in th is  

study. According to  th is  the f o l l i c l e s  are divided in to  three main 

groups: small, medium and large f o l l i c l e s .  These authors fu r th e r  

subdivide the f o l l i c l e s  in to  e igh t types according to  the number o f 

granulosa c e l ls  counted on the la rges t cross section o f the f o l l i c l e ,  

as fo llows:

1) small f o l 1ic le s

type I  -  small oocytes w ith no f o l l i c l e  c e l ls  

type 2 -  sm all oocytes surrounded by an incomplete la ye r  o f  

f o l l i c l e  or granulosa c e l ls .  

type 3a -  oocytes w ith a complete layer o f f o l l i c l e  ce l ls  w ith 

not more than 20 c e l ls  in the largest cross section.

2) medium-sized f o l 1ic le s

type 3b -  oocytes surrounded by a complete layer o f f o l l i c l e  

c e l l s ,  from 21-60 c e l ls  in the largest cross section. 

type 4 -  oocytes surrounded by a layer o f f o l l i c l e  c e l ls ,  from 

61-100 c e l ls  in the la rgest cross section. 

type £a -  oocytes surrounded by 3 layers o f f o l l i c l e  c e l ls ,  from 

101-200 ce l ls  in the la rgest cross section.

3) large f o l 1ic le s

type $b -  f u l l y  grown oocytes surrounded by many layers  o f  

f o l l i c l e  c e l ls ,  from 201-400 c e l ls  in the largest cross 

sec tion , but lacking f o l l i c u la r  f lu id  ( i . e .  no antrum), 

type 6 -  large oocytes w ith  many layers o f f o l l i c l e  ce lls  from 

401-600 c e l ls  and several antra l ca v it ie s , 

type 7 -  oocytes surrounded by more than 600 c e l ls  in the 

la r g e s t  cross s e c t io n  w ith  a s in g le  f l u id  f i l l e d  

c a v i t y .  These f o l l i c l e s  are cha rac te r ized  by the
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presence o f a cumulus oophorus but without the s ta lk .  

type 8 -  is  a preovulatory f o l l i c l e  with a s ingle antra l cav ity  

and well developed cumulus s ta lk .

3.3.2a. Macropus euqenii

3 .3 .2 a . l .  9 day old pouch young (Fig. 3.25)

At t h i s  stage the  b lastema has d i f f e r e n t ia t e d  in to  two c e l l  

types: a few f ib r o b la s t - l i k e  c e l ls  and large ce l ls  with i r re g u la r ly  

shaped n uc le i.

Both the  m e s o th e l ia l  c e l l s  as w e l l  as the female germ c e l l s  

(oogonia) e x h ib i t  m i to t ic  a c t i v i t y .  The spindles of the former are 

e ithe r perpendicular to  the gonadal surface or tangentia l ly  oriented.

In Mallory stained sections, connective tissue f ib res  and small 

f ib ro b la s ts  are evident in te rn a l to  the mesothelium, forming the 

tunica albuginea. The mesothelium is  made up o f 2-3 layers o f cuboidal 

to low columnar c e l ls .

The germ c e l l s  are randomly d is t r ib u te d  e i t h e r  s in g ly  o r in  

pairs.

3 .3 .2a.2. U  day old pouch vouno (Fig. 3.26)

No d i f fe re n t ia t io n  over the previous stage was noted except fo r  

the presence o f d iv id in g  oogonia which resu lts  in an increase in the 

size of the ovary.

The la rg e  b las tem a l c e l l s  become clumped to ge the r  form ing 

medullary cords.

3 .3 .2a.3. 18 day old pouch vounq (Fig. 3.27)

The ovary can now be d is t in g u is h e d  in to  co rtex  and medulla 

separated from each other by an incomplete layer of f ib ro b la s t - l ik e  

ce lls .

In the cortex, the oogonia are s t i l l  d iv id ing . Some of them are

E n u c l e a t e  and a few a re  p y k n o t i c .  The m e d u l la r y  cords grow and some



of them penetrate the f ib rous  sheath which delineates the cortex from 

the medulla.

3.3.2b. Bettonoia gaimardi

The tim ing  o f events o f ovarian development during pouch l i f e  is  

summarized in  Table 3 .1 .

3 .3 .2 b . l .  7 day old pouch vounq

During the f i r s t  week o f  l i f e ,  the ovary is  a compact s truc tu re  

and has the c h a ra c te r is t ic  features o f the neonate gonad described 

above (p. 79).

3 .3 .2b.2. 14 day o ld pouch vounq (Fig. 3.28)

A week la te r  the ovaries increase in size due to  the m ito t ic  

a c t iv i t ie s  o f  both blastema and germ c e l ls ,  the la t t e r  g iv ing r ise  to 

oogonia. The mesothelium becomes more or less regular in  thickness, 

co n s is t in g  o f  a la y e r  o f  cubo ida l to  columnar c e l l s  w ith  a 

discontinuous basement membrane. A few pyknotic germ ce lls  are found. 

The rete is  present at the h i l a r  region.

3 .3 .2b.3. Development between 15-28 days o f pouch young (Fig.

3.29 & 3.30)

By day 15 most o f  the oogonia migrate to  the periphery o f the 

ovary forming the co rtex . A th ic k  sheath o f connective tissue f ib res  

separates the cortex from the medullary region. In the la t te r ,  the 

large ce l ls  o f the cen tra l blastema clump together forming medullary 

cords in which a few germ c e l ls  may be trapped.

3 .3 .2b.4. 42 day old pouch vounq (Fig. 3.31 & 3.32)

The ovary is  c h a ra c te r iz e d  by the appearance o f a tun ica  

albuginea made up o f f ib ro b la s ts ,  collagen f ib res  and a few blood

cap i l la r ie s .  The mesothelium is  regular in thickness and consists of a
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layer o f cuboidal c e l ls  which now res t on a basement membrane. At th is  

stage, meiosis has commenced, the germ ce lls  in the innermost region 

of the cortex being in various stages o f prophase, mostly leptotene 

and zygotene. Germ c e l ls  form groups and then cons t itu te  the germ ce ll  

nests. A few f ib ro b la s ts  are found among the co r t ic a l  germ ce ll  nests.

The medullary cords are found penetrating the f ib rous layer which 

separates the cortex from the medulla. The medullary cord ce l ls  are 

large hypertrophied c e l ls  w ith a nucleus containing several prominent 

nuc leo li .  Rete tubules are found at the h i la r  region.

3 .3 .2b.5. 56 days old pouch vouno (Fig. 3.33)

Fo ilicu logenes is  is  in progress and f o l l i c le s  o f types 2 and 3a 

have developed. Most oocytes are in the prophase o f the f i r s t  meiotic 

d iv is ion  w ith  some having reached the diplotene stage (resting  stage) 

while a few are pyknotic . The remaining oogonia are found at the

periphery o f the ovary, below the tunica albuginea. The la t te r  is  2-3

layers in th ickness.

The medulla is  mainly occupied by medullary cords some of which 

are located in close v i c in i t y  to  type 3a f o l l i c le s .

The mesothelium dips down in to  and between germ c e l l  nests.

3 .3 .2b.6. £9 day old pouch vounq (Fig. 3.34)

The number o f  f o l l i c l e s  formed has increased. Medullary cords are 

found growing through the connective tissue septae and ly ing close to 

the innermost germ c e l l  nests as well as type 3a f o l l i c le s .  A few

pyknotic c e l ls  are found w ith in  the germ ce ll  nests.

3*3.2c. Potorous t r id a c tv lu s

The tim ing o f events of ovarian development during pouch l i f e  is 

shown in Table 3.2.



3 .3 .2 c .1. Development between 8-15 davs of pouch l i f e  Fig. 3.35 & 

3.36)

At app rox im a te ly  day 8 o f  pouch l i f e ,  the PGCs are s t i l l  

migrating to  the ovary. They are found at the h i la r  region and have 

the same morphological features as those described above fo r  the ovary 

of the neonate. They are la rger in size than the blastema c e l ls ,  have 

vesicular nuclei w ith  a beaded heterochromatin arrangement. The ovary 

cannot, as ye t,  be regionalised in to  cortex and medulla. A few blood 

c a p il la r ie s  are found at the centre o f the ovary.

The rete cords were f i r s t  detected at th is  stage and are present 

in the h i la r  region.

3 .3 .2c .2. Development at day 32 o f pouch 1i fe  (Fig. 3.37)

The p ro l i fe ra t in g  oogonia become periphera lly  located at th is  

time, forming the cortex. The i r re g u la r ly  shaped blastema ce lls  clump 

together in the centra l or medullary region to form medullary cords. A 

few groups o f oogonia and f ib ro b la s ts  are also present in the medulla.

Jhe mesothelial c e l ls  are cuboidal in shape and more than one 

layer in th ickness, w ith some m ito t ic  germ ce lls  embedded in them.

3 .3 .2c.3. Development at day 46 and 48 of pouch 1 i fe  (Fig. 3.38 & 

3.39)

At the beginning o f th is  stage, a th in  layer o f f ib rob las ts  is 

found separating the newly developed cortex from the medulla. Most of 

the oogonia, which occupy the c o r t ic a l  region, are found at d if fe re n t  

stages of m itos is .

During t h i s  pe r io d  o f development, the co r tex  th icke n s . The 

Majority of oogonia, which form germ ce ll  nests, cease d iv id ing and a 

few become p y k n o t ic .  F ib ro b la s ts  and co llagen f ib re s  i n f i l t r a t e  

between the germ c e l l  c lu s te rs .  The ovaries at th is  stage become more

vascularized.



The medullary cords are well developed and the rete is present at 

the h i la r  region.

3 .3 .2 c .4. Development at day 50 o f pouch l i f e  (Fig. 3.40)

At day 50 o f pouch l i f e  the oogonia o f the most cen tra lly  located 

germ c e l l  nests, which are c losest to the medulla, enter the prophase 

of the f i r s t  meiotic  d iv is io n .  The d iv is ions  are not in synchrony 

e ithe r w ith in  a nest or between d i f fe re n t  germ ce ll  nests. However, 

the p e r ip he ra l ly  located oogonia ( in te rna l to the mesothelium) are 

s t i l l  in m itos is  and may be pyknotic.

The tun ica albuginea appears in the ovary and consists o f a layer 

of f ib ro b la s ts .  There is  a fu r th e r  i n f i l t r a t i o n  of f ib rob las ts  between 

the germ c e l l  nests both at the periphery o f the c lus te r and near the 

medullary region but they do not completely separate the germ ce ll  

nests from each o ther.

The re te  is  present only at the a n te r io r  end of the ovary and is 

localized to  one side.

.3 .3 .2 c .5. Development between 51-65 day o f pouch 1i fe  (Fig. 3.41 

& 3.42)

The mesothelium becomes more or less regular in thickness and

consists o f a layer o f cuboidal to low columnar ce lls  with oogonia 

embedded in i t .

The m a jo r ity  o f the germ ce l ls  are now at the prophase of the 

f i r s t  meiotic d iv is io n  and a few are s t i l l  in m itosis. The meiotic 

d iv is ions are not in synchrony. A tre t ic  oocytes are also found.

The medulla is  occupied mainly by well developed medullary cords.

In th e i r  v i c in i t y  re te  cords and tubules are found.

3 .3 .2c .6. Development at day 66-69 of pouch l i f e  (Fig. 3.43 a e)

The only specimen ava ilab le  at th is  developmental age actua lly 

has a chronological age of 86 days (see Discussion, p. 100). The
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tun ica  a lbug inea is  w e l l  developed and made up o f  1-2 layers  o f 

f ib rob las ts  and collagen f ib re s .

The deeper oocytes, those near the medulla, reach the diplotene 

stage o f m eios is  ( typ e  2 f o l l i c l e s )  but are scarce. In lum th ick  

sections s ta ined  w ith  t o lu id in e  b lue , the oocyte cytoplasm is  

characterized by the presence o f darkly stained granules (probably

l ip id  d rop le ts ) . S im ila r  granules could be seen in the cytoplasm of

the i n t e r s t i t i a l  c e l ls .

At the u l t ra s t ru c tu ra l  le v e l ,  the oocyte cytoplasm appears to be 

less electron dense than the nucleus and the surrounding f o l l i c l e  

ce lls .  However, the cytoplasm looks dark in the region where most of 

the organelles are grouped together, at one side, forming a crescent 

shaped s truc tu re . The aggregate comprises several p ro f i le s  o f Golgi 

complexes, rough and smooth ER, polyribosomes and mitochondria. The 

la t te r  have tubu la r c r is ta e  w ith an enlarged lumen separating the two 

leaves of the c r is ta e .  In some of these mitochondria, the c r is tae  are 

found at the po lar ends o f the organelles.

The oocytes are surrounded by an incomplete layer of granulosa

ce lls . The la t t e r  are i r re g u la r  in shape, have elongated nuclei and a

prominent n u c le o lu s .  They a lso  possess elongated and spher ica l 

mitochondria with many i r r e g u la r ly  arranged c r is tae , several p ro f i le s  

of Golgi complexes, a few lysosomes and rough ER which may surround 

the mitochondria.

The medullary cords clump together and lose th e i r  basal lamina at 

the point o f contact. At th is  stage, electron micrographs indicate the 

presence of l i t t l e  smooth ER or l ip id  droplets in the cytoplasm of the 

medullary cord c e l ls .  The l i p id  droplets are associated with the 

mitochondria which are spherical or rod shaped having ir re g u la r ly  

arranged c r is ta e .
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3 .3 .2c .7. Development between 70-75 days of pouch l i f e  (Fig. 3.44 

& 3.45)

The medullary cords grow and penetrate the f ibrous layer between 

the cortex and medulla and enclose oocytes forming type 3 fo l l i c le s .  

The rete is branched and grows deeper in to  the ovary and makes contact 

with the medullary cords.

Foil iculogenesis is  in progress and fo l l i c le s  o f type 3a are 

found. The c e l ls  o f  medullary cords in the v ic in i t y  o f the oocytes 

dissociate and g ive r is e  to  granulosa c e l ls .  POFs o f type 3a with 2-4 

ova are found. They may be in  d i r e c t  con tac t w ith  each o ther or 

separated by granulosa c e l ls .

3 .3 .2c.8. Development at day 82 of pouch 1 i fe  (Fig. 3.46 a-f)

The th ick  co rtex  is  mainly occupied by type 2 f o l l i c le s  and the 

only germ c e l l  nests s t i l l  remaining are in the h i la r  region. Those 

oocytes which are trapped in the medullary cords and rete are found to 

be degenerating. Fol 1 iculogenesis continues and f o l l i c l e s  type 3a, 3b 

and 4 and 5 are a l l  present. A POF of type 4 with 20 oocytes was found 

in one ovary.

3 .3 .2c.9. Development between 91-92 days of pouch 1 i fe  (Fig. 3.47 

a-b, 3.48 a-c & 3.49 a-m)

The ovary is  characterized by a co r t ica l zonation: the peripheral 

zone, in terna l to  the mesothelium, consists o f oocytes at d if fe ren t 

stages of meiosis; cen tra l to th is  zone l ie  type 2 fo l l i c le s  in 1-2 

layers . F o l l i c l e s  type  3a, 3b and 4 are a l l  present at the 

corticomedul 1 ary region and in the medulla. Some fo l l i c le s  of type 3a 

and 3b are po lyovu lar and consist of 2-4 oocytes.

At th is  stage more type 5a & b and a few type 4 fo l l ic le s  are 

developed. They are surrounded by a capsule of modified stromal cells 

called theca f o l l i c u l i ,  which is d if fe re n t ia te d  into  an inner vascular
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layer, the theca in te rna , and an outer layer, the theca externa. The 

theca interna consis ts  o f  i r r e g u la r ly  shaped hypertrophied ce lls  and 

coursing in between are blood vessels and c a p i l la r ie s .  The theca 

externa, on the  o th e r  hand, is  composed o f  a few fu s i fo rm  c e l ls  

scattered between the c lose ly  packed collagen f ib re s . Some of the type 

3b, 5a and 5b f o l l i c l e s  are po lyovular and the la t te r  were observed to 

contain up to  10 oocytes. The oocytes w ith in  the polyovular f o l l i c le s  

may be o f d i f fe re n t  s izes. They are e ith e r  in close contact with each 

other or they may be separated by granulosa c e l ls .

In the c o r t ic o -m e d u l la r y  ju n c t io n  as w e ll  as in  the medulla 

fo l l i c le s  w ith  f l u i d - f i l l e d  ca v it ie s  or antra are found. These large 

f o l l i c l e s  are known as v e s ic u la r  or a n tra l  f o l l i c l e s  (type 6 

fo l l i c le s ) .  The i n t e r s t i t i a l  t issue  is  f i r s t  recognizable at th is  

stage. The i n t e r s t i t i a l  t issue  c e l ls  are hypertrophied and found in 

groups separated from each other by a th in  layer o f collagen f ib res .

3 .3 .2 c .10. Development at day 98 o f pouch 1 i fe  (Fig. 3.50 a-e)

Atresia is  prominent at th is  stage. Some a t re t ic  type 2 fo l l i c le s  

are found among the mesothelial c e l ls ,  while a few are scattered 

elsewhere in  the  c o r te x  and in  the  h i l a r  reg ion . Types 3b and 4 

f o l l i c l e s ,  in  d i f f e r e n t  stages o f  a t r e s ia ,  are observed in the 

corti co-medullary region as well as in the medulla.

The rete o v a r i i  is  present and ram ifies in the an terio r region of 

the medulla.

3 .3 .2 c .11. Development between 100-120 days o f pouch l i f e  (Fig.

3.51 a-d)

The mesothelium is  regular and consists of a layer o f cuboidal to 

flattened c e l ls .  F o l l ic le s  of type 2 are frequent and predominate the 

cortex at th is  stage. A few b inucleate, tr inuc lea te  or quadrinucleate 

oocytes may be found in these f o l l i c l e s .  Types 3a, 3b, 4, 5a and 5b

f ° l  1 i c l e s  are a l s o  p r e s e n t .  By day 120 o f  pouch l i f e  some o f  the



la t te r  are degenerating. POFs o f  types 4, 5a and 6 containing 3-4 

oocytes also occur. The re te  is  well developed and found in the h i la r  

region, but only remnants o f the medullary cords s t i l l  ex is t .

3 .3 .2 c .12. Ovary s tru c tu re  o f adult potoroos (Fig. 3.52, 3.53 & 

3.54)

Ovaries from 12 females ranging in age between less than 2 years 

to 9 years were examined. One o f these females which was 2.5 years old 

was la c ta t in g .

In the adu lt ovaries the mesothelium is  regular, consisting o f a 

layer o f cuboidal c e l ls  w ith  a th in  basement membrane. The tunica

albuginea is  made up o f 3-4 layers o f f ib ro b la s ts  and collagen f ib re s .

Both fo l  1 iculogenesis and a tre s ia  are in progress: a few isolated 

groups o f type 2 f o l l i c l e s  are found in the cortex central to the 

tun ica  a lbug inea  and some are trapped in the l a t t e r  and in the 

mesothelium. F o l l ic le s  o f types 3a, 4 and 5a are observed at the 

cortico-medullary ju n c t io n .  In the medulla several type 5a, 5b and a 

few type 6 f o l l i c l e s  are present. Type 7 and 8 f o l l i c le s  may also be 

detected in some ovaries, the la t t e r  being situated in the co r t ica l 

region, ju s t  in te rna l to  the tun ica  albuginea. In the oldest female, 

the cortex is  mainly occupied by stromal ce l ls  with no fo l l i c le s  

present. F o l l ic le s  at various stages o f development are also found

degenerating in the adu lt ovaries.

Two kinds o f i n t e r s t i t i a l  t issue (IT) can be distinguished in 

adult ovaries: these are the medullary cord and thecal type IT (see 

P* 22). in the younger females a few clusters o f medullary cord IT, 

are present. The medullary cord IT ce l ls  are hypertrophied, glandular 

in appearance and found in groups separated from each other by a th in  

layer of collagen f ib re s  and a few blood vessels. Their nuclei are

spherical in shape with one or more prominent nuc leo li.
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Subsequently the IT o f medullary cord o r ig in  disappears from the 

ovaries o f o lder animals. The ovarian medulla becomes occupied by 

another type o f  IT , p robab ly  derived  from the a t r e t i c  f o l l i c l e s  

(thecal type) as a t r e s ia  o f  medium-sized and la rge  f o l l i c l e s  is  

prominent. The thecal IT d i f fe r s  from the medullary derived IT in 

appearance: the  cy top lasm  o f  the c e l l s  is  more vacuo lar and the 

c luster organisation o f medullary cord-derived IT disappears. The IT 

of the la c ta t in g  female was less conspicuous.

The o lder ovaries have obviously undergone ovulation since they 

contain a number o f  corpora  lu te a .  These are composed o f large 

polyhedral c e l ls  w ith  ves icu la r nuclei (the granulosa lu te in  ce lls ) 

and smaller c e l ls  w ith  dense nuclei (the theca lu te in  ce lls )  and blood 

ca p il la r ie s .

In the c e n tre  o f  the  ovary o f  the la c ta t in g  female a corpus 

albicans (a degenerating corpus luteum) was observed. I t  was smaller 

than the corpora lu tea  and contained more blood c a p i l la r ie s .  In older 

ovaries corpora a lb ic a n t ia  were absent and th is  is  probably due to 

the ir  degeneration.

The a d u l t  o v a r ie s  are h ig h ly  v a scu la r ise d : large veins and 

arteries being found in both the cortex and the medulla.



Table 3.1 Timetable o f gonad development in bettonas

Age (days) Events in gonad development

Neonate In d i f fe re n t  gonad, PGCs d iv id ing  asynchronously.

2 days Sex d i f f e r e n t i  a t i  on i n i t i  ates in males. Tunica 
albuginea and prospective seminiferous cords develop.

7 days Female gonads s t a r t  to  d i f f e r e n t i a t e .  Nucleated 
ery th rocytes . No trace of tunica albuginea, blastema 
d i f fe re n t ia te s  in to  small f ib ro b la s t - l ik e  ce lls  and 
la rg e r  c e l ls  (medullary cord c e l ls ) .

14 days Ovary increases in s ize  as a r e s u l t  o f  the m i to t ic  
a c t i v i t y  o f  the PGCs. Mesothelium is  more or less 
regu la r in thickness. A few pyknotic germ ce lls  are 
found. Some nucleated erythrocytes are s t i l l  present. 
Rete observed at h i la r  region.

15 days Oogonia (female germ ce lls )  become periphera lly  located 
fo rm ing  the c o r te x .  M a jo r i ty  o f germ c e l ls  are 
d iv id in g .  Fibrous layer separates the cortex from the 
medulla. Medullary cords are formed. Erythrocytes are 
enucleated.

42 days Tunica albuginea present in the ovaries. Oocytes at 
va r io u s  stages o f  meiosis but a few oogonia s t i l l  
present. Medullary cords penetrate fibrous layer which 
separates the cortex from the medulla. Rete tubules in

- h i l a r  region.

56 days Fol 1 iculogeneisis in progress; F o l l ic le s  of type 2 and 
3a are developed.

59 days More f o l l i c l e s  ( type  2) are formed. A few oocytes
become pyknotic.
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Table 3 .2  T im etab le  o f  ovary development i_n potoroos

Age (days)  Events in  ova ry  development

2-3 days The fem a le  gonad ru d im en ts  d i f f e r e n t i a t e ,  the  blastema 
g i v i n g  r i s e  t o  two c e l l  t y p e s :  smal l  f i b r o b l a s t s  and 
l a r g e r  i r r e g u l a r  c e l l s  w i t h  more o r  l e s s  s p h e r i c a l  
n u c l e i .  E r y t h r o c y t e s  s t i l l  n u c le a te d .  The female germ 
c e l l s  a re  s p h e r i c a l  in  shape and are l a r g e r  than the  
b la s te m a  c e l l s .

8-15 days Oogonia d i v i d i n g .  Rete f i r s t  de te c te d  a t  t h i s  s tage.

32 days The o v a r y  can be d i s t i n g u i s h e d  i n t o  c o r t e x  and medul la .
The l a r g e  i r r e g u l a r  c e l l s  clump t o g e th e r  fo rm ing  the  
m e d u l1a r y  c o r d s .

48 days A t h i n  l a y e r  o f  c o n n e c t i v e  t i s s u e  appears between the
c o r t e x  and m e d u l la .  Oogonia which form germ c e l l  nests  
cease d i v i d i n g  and a few become p y k n o t i c .  The ovary 
becomes more v a s c u l a r i z e d .

50 days O o g o n i a  e n t e r  t h e  p r o p h a s e  o f  t h e  f i r s t  m e i o t i c
d i v i s i o n  t o  form o o c y te s .  Tun ica a lbug in ea  i s  p re s e n t .

51-65 days The m a j o r i t y  o f  the  germ c e l l s  have reached th e  f i r s t
m e i o t i c  d i v i s i o n .

66-69 days F o l  1 i c u l o g e n e s i s  b e g i n s :  f o l l i c l e s  o f  t y p e  2 a re
d e v e lo p e d .  The m e d u l l a r y  co rds grow and p e n e t r a te  the
f i b r o u s  l a y e r .  The r e t e  i s  branched and makes c o n ta c t
w i t h  t h e  m e d u l l a r y  co rd s .

70-75 days Fol  1 i c u l o g e n e s i s  i s  in  p r o g r e s s ;  f o l l i c l e s  o f  type 3a &
3b ,  some o f  which are p o l y o v u l a r ,  are developed.

82 days Type 3b f o l l i c l e s  (b i  — o r  t r i o v u l a r ) ,  type  4 and 5 are
a l l  de ve lop ed .

91-92 days The o v a r y  i s  c h a r a c t e r i z e d  by the  presence o f  c o r t i c a l
z o n a t i o n ,  th e  p e r i p h e r a l  zone c o n s i s t i n g  o f  m e io t i c  
o o c y te s  w h i l e  f o l l i c l e s  o f  t yp e  2 c o n s t i t u t e  the  i n n e r  
r e g i o n .  Type 6 f o l l i c l e s  developed.  POFs ( type  3a, 3b)
a re  f r e q u e n t  and may c o n t a i n  2-5 oocy tes .  M edu l l a ry
c o rd s  g i v e  r i s e  t o  i n t e r s t i t i a l  t i s s u e .

98 days A t r e s i a  o f  t h e  v a r i o u s  f o l l i c l e  s tages i s  prominent .

100-120 days F o l l i c l e s  o f  t y p e  2 are f r e q u e n t  and predominate in  the
c o r t e x .  Types 4,  5a and 6 f o l l i c l e s ,  some p o l y o v u la r  
h a v in g  4 -5  o o c y te s ,  are found.  Remnants o f  medu l lar y  
c o rd s  are  d e t e c t e d .  I n t e r s t i t i a l  t i s s u e  p rese n t .

Mature T u n ic a  a lb u g in e a  i s  3-4 c e l l  l a ye rs  in  th i c k n e s s .
ovar i es  F o l l i c l e s  are  few.  Remnants o f  medu l la ry  cords and a

f e w  c l u m p s  o f  i n t e r s t i t i a l  t i s s u e  a re  found  in  t  e 
yo u n g e r  o v a r i e s  b u t  d is a ppe a r  from the  o l d e r  o v a r ie s .
Corpora  l u t e a  may be p r e s e n t .
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A

Abbreviations
small f ib ro b la s t  l ik e  c e l ls  mst mesonephric tubule

af a t re t ic  f o l l i c l e mt metanephric rudiment
an antrum mv m ic r o v i l l i
ao a t re t ic  oocyte mvb m u lt ive s icu la r  body
B large blastema c e l l n nucleus
b blastema nt notochord
bl basal lamina nu nucleolus
bo binucleate oocyte 0 oogonium
c cortex oc oocyte
cd ce ll  debris od oocyte at diplotene
cl corpus luteum ol oocyte at leptotene
d desmosome op oocyte at pachytene
e erythrocyte or ovarian rudiment
er rough endoplasmic re ticu lum ov ovary
f f o l l i c l e o z oocyte at zygotene
f l fibrous layer P pancrease
G Golgi complex pof polyovular f o l l i c l e
9 granulosa c e l l pr polyribosome
gc germ c e l l pgc primord ia l germ ce ll
gen germ c e l l  nest ps p re -S e rto l i  ce l l
gi granulosa layer r re te
gr gonadal ridge r t re te  tubule
h h i la r  region s stroma
hg hindgut sc sex cord
ic inc ip ien t cortex st seminiferous tubule
i t i n t e r s t i t i a l  t issue t te s t is
1 l ip id  d rop le t ta tun ica  albuginea
lv 1 i ver th theca layer
m mesothelium t r te s t ic u la r  rudiment
mb membrane bound dense body 2f type 2 f o l 1ic le
me medullary cord 3af type 3a f o l l i c l e
mcc medullary cord c e l l 3bf type 3b f o l l i c l e
md medulla 4f type 4 f o l l i c l e
mf m ito tic  f ig u re 5af type 5a f o l l i c l e
mge m ito tic  germ c e l l 5bf type 5b f o l l i c l e
mi mitochondri a 6f type 6 f o l l i c l e
ms mesonephros 7f type 7 f o l l i c l e
msg mesonephric glomerulus Zo Zonula occludens



For a l l  abbreviations see page 97

3.1 . A scheme fo r  c la s s i f ic a t io n  o f f o l l i c l e s  (from Pedersen 

Peters, 1968).



Type 5b Type 6

201 -  4 0 0  
Jotlicle ce ll*

101-200 
follicle cells

4 0 1 -6 0 0  
follic le cells

> 6 0 0  
follicle cells

2 1 - 6 0  
fo llic le  cells

Large folliclesMedium follides

<20
follicle cells

Small follicles

>600 s;
fo llic le  cells

Fig. 3-1



Fig. 3.2. Adult female potoroo.

Fig. 3 .3 . 2-3 day old pouch young potoroo. (Bar 7 mm).
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Fig. 3 2

Fig. 3-3



Fig. 3.4. Adult tammar wallaby. (From Lyne, 1967).

Fig. 3 .5 . Pouch young tammar wallaby. (Bar -  7 mm).

1 0 0



Fig. 3-4

Hg. 3-5



Fig. 3-6. Pouch young bettong. (Bar - 4 mm).



Fig. 3-6 L



Fig . 3.7a. Transverse section through the p o s te r io r  region o f 24 day 

old tammar wallaby embryo. Note gonadal ridge (gr) mesonephros 

(ms), metanephric rudiment ( m t ) , h in d g u t (h g ) ,  l i v e r  ( l v ) ,  

(Bar = 100 ^im).

Fig. 3.7b. Deta il o f Fig. 3.7a at the region o f the gonadal ridge, 

showing primord ia l germ c e l ls  (pgc) w ith  beaded chromatin. (Bar = 

50 ^im).

F ig. 3 .8 . Transverse section through the gonadal rudiment o f a 25 day 

o ld  tammar embryo. Note m u l t i la y e re d  mesothelium (m) and 

primord ia l germ c e l ls  (pgc). (Bar = 50^im ).



Fig. 3-7bFig. 3-7a

Fig. 3-8



Fig. 3.9. Transverse section through the te s t ic u la r  rudiment ( t r )  and

the mesonephros (ms) of a 3 day old pouch young tammar. (Bar =

500 ̂ im).

Fig. 3.10. Transverse section through the te s t i c u la r  rudiment o f a 3 

day o ld  pouch young tammar. Note the  presence o f  the  tu n ica  

albuginea ( ta ) ,  the clumping o f p r im ord ia l germ c e l ls  (pgc) and 

the p re -S e r to l i  c e l ls  (pS) to  form sex cords (sc ) .  (Bar = 100^im).

Fig. 3.11a. Longitudinal section through the ovarian rudiment o f a 3 

day old pouch young tammar. (Bar = 100Jim) .

Fig. 3.11b. D eta il o f  F ig. 3.11a. Note compact s t ru c tu re  and mitotic 

f ig u re  (mf) in  the mesothelium (m) and m i to t ic  germ c e l ls  (mgc). 

(Bar= 50yjm).



Fig. 3-9 Fig. 3-10

Fig. 3.11a
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Fig. 3.12a. Longitudinal section through the ovarian rudiment o f a 4

day old tammar. (Bar = 100 j jm ).

F ig .  3 .1 2 b .  D e t a i l  o f  F ig .  1 3 .1 2 a .  Note la c k  o f  c e l l u l a r  

d i f fe r e n t ia t io n .  (Bar = 50 ^im).
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Fig. 3-12a
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Fig. 3.13a. Transverse section through the te s t ic u la r  rudiment of a 5

day old tammar. (Bar = 100 ^im).

Fig. 3.13b. Deta il o f Fig. 3.13a. Note f la t te n e d  mesothelial ce lls  

(m) and sex cords (sc). (Bar = 50^im).

Fig. 3.14b. Deta il o f Fig. 3.14a. (Bar = 50Jim) .

Fig. 3.14a. Transverse section through the ovarian rudiment o f a 5 day 

o ld  tammar. (Bar = 100 ^ m ) .
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Fig. 3.15a. Transverse section through the te s t ic u la r  rudiment of a 6

day old pouch young tammar. Note the seminiferous tubules (s t ) .

(Bar = 100 ^m ).

Fig. 3.15b. Deta il o f Fig. 3.15a showing the mesothelium (m) tunica 

albuginea (ta ) and the seminiferous tubules ( s t ) .  (Bar = 50Jim).

Fig . 3 .16b. D e ta i l  o f  F ig . 3 .16a . Note the  lack  o f  c e l l u la r  

d i f fe re n t ia t io n  and the mesonephric glomerulus (msg). (Bar = 100yjm).

Fig. 3.16a. Transverse section through the ovarian rudiment and the

mesonephros o f a 6 day old pouch young tammar. (Bar = 500yjm)
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Fig. 3.17a. Transverse section through the te s t ic u la r  rudiment of an 8

day old tammar. (Bar = 100 ^im).

Fig . 3.17b. Deta il o f Fig. 3.17a. (Bar = 50 ^ m ) .
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3.18a. Transverse section through the te s t ic u la r  rudiment and the

mesonephros of a neonate bettong. (Bar = 100 ^pm).

3.18b. Deta il o f Fig. 3.18a. Note the mesothelium (m), tunica 

albuginea (ta ) and the primord ia l germ c e l ls  (pgc). (Bar = 25Jim).

3.19. Transverse section through the te s t ic u la r  rudiment of a 2 

day old pouch young bettong. Note the development o f the sex 

cords (sc). (Bar = lOO^im).
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Fig. 3.20. Electron micrograph through the ovarian rudiment o f a 2-3 

day o ld  pouch young potoroo, showing the female germ c e l ls  (gc) 

and the blastema (b) d i f fe r e n t ia t in g  in to  two c e l l  types (A+B). 

x 2.4 K.

Fig. 3.21. Same gonad as in Fig. 3.20, showing the mesothelial ce l ls
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Fig. 3.22. Same gonad as in Fig. 3.20, to  show a germ c e l l  (gc) and a 

blastema c e l l  (b ). x 5.6 K.

Fig. 3.23. Same gonad as in Fig. 3.20. Note germ c e l ls  (gc) at early 

stages o f a tres ia , x 5.6 K.
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Fig. 3.24. Same gonad as in Fig. 3.20, showing a blastema c e l l  (b) 

w ith a m u lt ive s icu la r  body (mvb). x 24 K.
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3.25a. Transverse section through the ovary of a 9 day old pouch

young tammar. (Bar = 100 ^m ).

3.25b. Detail of Fig. 3.25a. Note m ito t ic  f igu res  in the 

mesothelium (m) and the blastema d i f fe re n t ia t in g  in to  small 

f ib r o b la s t - l ik e  ce l ls  (A) and large c e l ls  (B ). (Bar = 50 ^ m ) .

3.26a. Transverse section through the ovary o f an 11 day old 

pouch young tammar. Note the regular mesothelium (m) and clumping 

o f large c e l ls  to form medullary cords (me). (Bar = 100^pm).

3.26b. Detail o f Fig. 3.26a to  show the medullary cord cells 

(mcc) w ith i r re g u la r  nuc le i.  (Bar = 50yjm).
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3.27a. Transverse sect ion through the ovary of  an 18 day

pouch young tammar. (Bar = 100 pm).

3.27b. Deta il o f Fig. 3.27a. Note m ito t ic  germ c e l ls  

the appearance o f a f ib rous layer ( f l )  between the 

cortex ( ic )  and medulla (md). (Bar= 50 ^pm).

(mgc)

inc ip
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Fig. 3.28a. Longitudinal section through the ovary o f a 14 day old

pouch young bettong. (Bar = 100 urn).

Fig. 3.28b. D eta il o f Fig. 3.28a, showing the regu la r mesothelium (m), 

m i to t ic  germ c e l ls  (mgc) forming oogonia and the d i f fe re n t ia t io n  

o f  the blastema in to  small f i b r o b la s t - l i k e  c e l ls  (A) and large 

c e l ls  (B ) . (Bar = 50^pm).

Fig. 3.29a. Transverse section through the ovary o f  a 15 day old pouch 

young bettong. Note the development o f  the in c ip ie n t  cortex (c) 

and the medullary cords (me). (Bar = 100 ^pm).

Fig. 3.29b. D eta il o f Fig. 3.29a. (Bar = 50^pm).
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3.30. Transverse section through the ovary o f a 28 day old pouch 

young bettong. Note a th ic k  layer ( f l )  separating the cortex (c) 

from the medulla (md). (Bar = 100 ^im).

3.31. Transverse section through the ovary o f a 42 day old pouch

young bettong to  show the i n i t i a t i o n  o f meiosis. (Bar = 50 ^im) .

3.32. Transverse section through the ovary o f a 42 day old pouch

young bettong. Note the mesothelium (m), tunica albuginea (ta)

and oocytes at d i f fe re n t  stages o f meiosis. (Bar = 50 ^im).
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Fig. 3.33. Transverse section through the ovary o f a 56 day old pouch 

young bettong. Note the development o f type 2 (2 f)  and type 3a 

(3af) f o l l i c l e s  and the medullary cords (me). (Bar = 100 ^pm).

Fig. 3.34. Transverse sect'on through the ovary o f a 59 day old pouch 

young bettong, showing medullary cords in the v i c in i t y  o f type 3a 

(3af) f o l l i c l e .  (Bar = 100 ^im).
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Fig. 3.35a. Longitudinal section through the ovary and the mesonephros

o f an 8 day old potoroo. (Bar = 500 ^pm).

Fig. 3.35b. Detail o f Fig. 3.35a to  show the re te  ( r )  at the h i la r  

region. (Bar = 50 ^pm).
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Fig. 3.36a. Longitudinal  sec t io n  through the  ovary o f  a 15 day old

pouch young potoroo. (Bar = 100 ^im).

Fig. 3.36b. Detail of marked region in Fig. 3.36a. Note m ito t ic  germ 

c e l ls  g iv ing  r ise  to oogonia- (Bar = 25 urn).
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3.37a. Longitudinal section through the ovary o f a 32 day old 

pouch young potoroo. Note the m igration of oogonia to  the 

periphery forming the in c ip ie n t  cortex ( i c ) . (Bar = 100 urn).

3.37b. Detail o f the cortex (c) from Fig. 3.37a showing m ito t ic  

oogonia ( o ) . (Bar = 25 ^m ).
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3.38a. Transverse section through the ovary o f a 46 day old pouch 

young potoroo. Note the presence of a layer o f f ib ro b la s t  ce lls  

( f l )  separating the cortex (c) from the medulla (md). (Bar = 

100 yim).

3.38b. Detail o f marked region from Fig. 3.38a. (Bar = 25yum).

3.39. Longitudinal section through the oyary o f  a 48 day old 

pouch young potoroo showing the development o f the medullary cord 

(me) and the re te  ( r )  in the h i la r  region ( h ) . (Bar = 100^um).
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3.40a. Transverse sec t io n  through the ovary o f  50 day o ld  pouch

young potoroo. (Bar = 100 urn).

3.40b. Detail o f Fig. 3.40a. Meiosis has commenced in the germ 

c e ll  nests which are c losest to the medulla: leptotene (o l) ,  

zygotene (oz) and pachytene stages (op) are present, though 

oogonia (o) are s t i l l  found. (Bar = 50yim).
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Fig. 3.41. Transverse sec t ion  through the ovary o f  a 51 day o ld  pouch

young potoroo . Note t h a t  the m a j o r i t y  o f  germ c e l l s  are at

m eio t ic  prophase. (Bar = 25 yim).

Fig. 3.42a. Transverse section through the ovary o f a 65 day old pouch 

young potoroo. Note well developed medullary cords (me). (Bar = 

100 yim).

Fig. 3.42b. Detail o f Fig. 3.42a to show the i r r e g u la r ly  shaped 

medullary cord c e l ls  (mcc). (Bar = 50 yim).
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. 3.43a. Transverse section through the ovary o f a 66-69 day old 

pouch young potoroo (chronological age 86 days), a) Note the 

development of type 2 f o l l i c l e s  (2 f) and the tun ica albuginea 

( t a ) . (Bar = 50yjm).

3.43b. Electron micrograph o f the oocytes from the same ovary 

as tha t shown in Fig. 3.43a. Note the nucleus ( n ) , nucleolus (nu), 

mitochondria (mi), Golgi complex (G), rough endoplasmic 

reticulum (er) and polyribosomes ( p r ) . x 6 K.
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Fig. 3.43c. Note the medul la ry  cords (me).  (Bar = 50yjm) .

Fig. 3.43d. Electron micrograph. Note the medullary cords (me) clumping 

together. The basal lamina is  lacking at the po in t o f contact 

between the cords, x 2.4 K.

Fig. 3.43e. Deta il o f marked region in 3.43d showing the s truc tu re  of 

a medullary cord c e l l  (mcc). Note the mitochondria (mi) and l ip id  

t r i p le t s  (L ). x 8.82 K.
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Fig. 3.44a. Transverse section through the ovary of a 70 day old pouch 

young potoroo. The medullary cords (me) penetrate the fibrous 

layer ( f l )  which separates the cortex (c) from the medulla (md). 

Some of these cords are found close to type 3a f o l l i c l e s  (3 a f ) . 

(Bar = 25 ^pm).

Fig. 3.44b. Detail of marked region in 3.44a to  show the cortex (c) 

with oogonia ( o ) , b inucleate oocyte (bo) and oocytes at

leptotene (o l) and zygotene (oz) stages. (Bar = 25^pm).
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Fig. 3.45a. Transverse section through the ovary o f a 75 day old 

potoroo. a) Note oocytes at leptotene ( o l ) ,  zygotene (oz), 

pachytene (op) and d ip lo tene (od) stages. (Bar = 50^ m ) .

Fig. 3.45b. The medullary cords (me) are d isso c ia t ing  to  give r ise  to 

granulosa c e l ls .  (Bar = 25Jim) .
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Fig. 3.46a. Transverse section through the ovary o f an 82 day old 

pouch young potoroo. a) Note the development o f types 2 (2 f ) ,  3a 

(3 a f)  and 3b (3 b f)  f o l l i c l e s  and a type 3b f o l l i c l e s  w ith  4 

oocytes. (Bar = 100^im).

Fig. 3.46b. Note a type 4 f o l l i c l e  (4 f)  w ith  20 oocytes. (Bar = 100Jim).

Fig. 3.46c. Note the type 3b (3bf) b io vu la r  f o l l i c l e  and the medullary 

cords (me). (Bar = 50 urn). (Bar = 50 ^jum).
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3.46d. Note t r io v u la r  f o l l i c l e s  o f types 3a (3af) and 3b (3bf) 

w ith  oocytes which are in close contact w ith  each o ther. (Bar = 

100 yim).

3.46e. Note the medullary cord (me) which is  continuous with 

the granulosa layer ( g l ) .  (Bar = 25^ im).

3 .46 f. Note the d if fe re nce  between the s o l id  medullary cords and 

the patent rete tubu les. (Bar = 50^im).
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Fig. 3.47a. Transverse section through the ovary of a 91 day old pouch

young potoroo. Note d i f f e r e n t  types o f  f o l l i c l e s  and some

biovular type 3b f o l l i c le s  (3 b f ) . (Bar = 100 ^pm).

F ig . 3 .47b . D e ta i l  o f  marked reg ion  o f  F ig . 3.47a to  show the 

mesothelium (m) tun ica albuginea (ta ) and germ c e l l  nests (gen) 

w ith  oocytes at d i f fe re n t  stages o f meiosis. (Bar = 50^um).
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Fig. 3.48a. Transverse section through the ovary of a 92 day old pouch

young potoroo. Note the development of the in te r s t i t ia l  tissue

( i t ) . (Bar = 100 um).

Fig. 3.48b. Detail o f the cortex. (Bar = 50 um).

Fig. 3.48c. Detail o f the medulla showing medullary cords (me) giving 

r ise  to granulosa c e l ls  and c lus te rs  o f i n t e r s t i t i a l  t issue  (it). 

(Bar = 50 um).

130



Fig. 3-48 a

Fig. 3 - 4 8  b F i g .  3 - 4 8  C

L



Fig. 3.49a. Transverse section through the ovary of a 92 day old pouch 

young potoroo. a) Note the c o r t ic a l  zonation; the re te  (r) 

loca lized in the a n te r io r  region; the i n t e r s t i t i a l  t issue  ( i t )  

and numerous po lyovu lar f o l l i c l e s  (p o f) .  (Bar = 500 ^im).

Fig. 3.49b. Detail o f  Fig. 3.49a to  show the cortex w ith  oocytes

at d i f fe re n t  stages o f meiosis. (Bar = 50 j im ) .

Fig. 3.49c. Note the presence o f f o l l i c l e s  o f type 5a (5 a f) .  (Bar 

50 um).
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Fig. 3.49d. Note a b iovu la r f o l l i c l e s  of type 5b (5bf) w ith oocytes 

separated from each other by granulosa c e l ls  (g) and a b iovu la r 

f o l l i c l e  o f type 7 (7f ) w ith oocytes in close contact w ith each 

other. (Bar = 100 ^pm).

Fig. 3.49e. Type 6 f o l l i c l e  (6 f) w ith 5 oocytes. (Bar = 100^pm).

Fig. 3 .49f. Type 6 f o l l i c l e  (6 f) w ith  3 oocytes. (Bar = 100 ^pm).

Fig. 3.49g. Type 6 f o l l i c l e  (6 f) w ith  4 oocytes. (Bar = 100^pm).
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Fig. 3.49h. Type 6 f o l l i c l e  (6f) with 6 oocytes, 2 o f which are in 

close contact w ith each other. (Bar = 100^pm).

Fig. 3 .49 i. Type 5b f o l l i c l e  (5bf) w ith 4 oocytes and type 7 

( 7 f ) . (Bar = 100 ^ m ) .

Fig. 3 .49 j. Type 5a f o l l i c l e  (5af) w ith  2 oocytes and a 

f o l l i c l e  (5bf) w ith 9 oocytes. (Bar = 100^um).

Fig. 3.49k. Type 4 f o l l i c l e  (4f) w ith 3 oocytes and a type 6 

(6f) with 3 oocytes. (Bar = lOO^pm).

f o l 1ic le

type 5b

f o l 1ic le
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Fig. 3.491. Note i n t e r s t i t i a l  t issue  c lus te rs  ( i t )  and 

f o l l i c l e  o f type 5b (5 b f) .  (Bar = 50^um).

Fig. 3.49m. Note medullary cords (me) and re te  tubules (r^ 

50 ̂ im).

b iovu la r

. (Bar =
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Fig. 3.50a. Transverse section through the ovary of a 98 day old

potoroo. a) Note the rete (r) at the h i la r  region. (Bar = 500

Fig. 3.50b. Detail o f the cortex , showing a t r e t ic  oocytes (a o ) . (Bar = 

50 ^um).

Fig. 3.50c. Detail o f the medulla. Note a t r e t i c  f o l l i c l e  (a f ) .  (Bar = 

50yjm).
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Fig. 3.50d. Degenerat ing b i o v u l a r  f o l l i c l e  ( a f ) . (Bar = 100 yim).

Fig. 3.50e. A h e a l t h y  t y pe  5a f o l l i c l e  ( 5 a f )  w i t h  5 oo cy te s  

100 jm) .
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Fig. 3.51a. Transverse section through the ovary of a 120 day old

pouch young potoroo. a) Note the rete ( r ) ,  localized in the

a n te r io r  region o f the ovary and the d i f fe re n t  types of

f o l l i c l e s .  (Bar = 500 ^im).

Fig. 3.51b. Detail o f the cortex, showing type 2 f o l l i c l e s  (2f) 

dominating. (Bar = 50 ^pm).

Fig. 3.51c. Detail o f the medulla showing re te  tubules ( r t )  close to a 

medullary cord (me). (Bar = 50^pm).
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Fig. 3.51d. Note the degenerating germ c e l l  nests 

region, the d i f fe re n t  types o f f o l l i c l e s ,  and 

f o l l i c l e  ( 4 f ) . (Bar = 100 ^pm).

(gen) in the h i la r  

a t r io v u la r  type 4
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Fig. 3.52. Transverse section through the ovary of a 2 year old adult

potoroo. Note the mesothelium (m), the tunica albuginea (ta) and

the medullary-cord type in t e r s t i t i a l  tissue ( i t ) .  (Bar = 50^im).

Fig. 3.53. Transverse section through the ovary o f a 3.5 year old 

adult potoroo. Note d i f fe r e n t  types o f f o l l i c l e s  and corpora 

lutea ( c l ) .  (Bar = 500^ im ).

Fig. 3.54. Transverse section through the ovary o f  a la c ta t in g  adult 

(2.5 years old) potoroo. Note the va scu la r iza t io n , the corpus 

luteum (c l)  and the i n t e r s t i t i a l  t issue  ( i t ) .  (Bar = 500jxm) .
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3.4. DISCUSSION

3 .4 .1 . Gonadal Sexual D if fe re n t ia t io n

In t h i s  study gonad development has been examined in  th re e  

macropod marsupials namely: the tammar wallaby, Macropus euoen ii. the 

bettong, Bettonqi a gaimardi and the potoroo, Potorous t r i  dactyl us.

In s p i te  o f  the e x c e l le n t  work o f A lcorn (1975) on gonad 

development in the tammar wallaby there are a few stages which have 

not been investigated by th is  author due to th e ir  u n a v a i la b i l i ty .  

Alcorn (1975) studied gonad formation in 21-24 days old embryos; 

neonate, 12 hour, 3, 5 and 10 days old female pouch young and neonate, 

12 hour, 3, 7 and 8 days o ld  male pouch young. The present 

observations are based on a re inves tiga tion  of the above stages as 

w e ll  as those stages which have not been s tud ied by A lcorn  f o r  

instance, 2, 4, 6, 8 and 9 days old female pouch young and 4, 5 and 6 

days old males.

As reviewed in Section 1 .2 .2 ,  the re  is  no unan im ity  in  the 

l i t e ra tu re  as to the o r ig in  o f the blastema ce lls  in mammalian gonads. 

Some authors derive them from the mesothelium of the gonadal ridges or 

from the mesonephroi; while  a dual o r ig in  o f the blastema c e l ls ,  from 

both the mesothelium and the mesonephroi is postulated by others (see 

P. 9 ).

In the marsupials (b rush-ta iled  possum, opossum, bandicoot and 

native cat) investigated by Fraser (1919), the blastema was found to 

arise from the nephrostomial canals in the embryo. In the tammar 

wallaby (Alcorn, 1975), bandicoot (Ullmann, 1981a) and native cat 

(Ullmann, 1984b), the blastema has been derived from the mesonephric 

mesenchymal c e l ls .  Alcorn (1975) states that on day 21 of embryonic 

l i f e ,  mesenchymal c e l ls  from the ventral margin of the mesonephroi, 

close to the glomeruli and ju s t  adjacent to the la te ra l margin o f the
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gonadal ridges, migrate to the la t t e r .  In the bandicoot, Ullmann 

(1981a) reports tha t at ear ly  stages o f gonadal development, the 

i r re g u la r  columnar mesothelium lacks a basement membrane. Later on, 

the mesothelium become disorganized and the ce l ls  derived from i t  

cannot be d istinguished from the blastema.

The observa tions  presented here suggest th a t  in the tammar 

wallaby both the mesothelial and the mesenchymal ce l ls  con tr ibu te  

c e l ls  to  the blastema. Thus the resu lts  are in agreement w ith those

authors who hold to the dual o r ig in  of the blastema (Gruenwald, 1942;

Torry, 1945; W itschi, 1951; Merchant, 1975, 1979; Pel 1in ie m i, 1975,

1979; Byskov, 1982; Wartenberg, 1983). The results  are also comparable 

to  those reported  in  t h i s  work fo r  the mouse (Chapter 2 ) .  The

co n tr ib u t io n  o f the mesonephroi, however, is d i f fe re n t  in the two 

species. While the mesonephric tubules in the mouse give r ise  to  the 

blastema, in the tammar the blastema derives from mesenchymal c e l ls ,  

located in the ventral margins o f the mesonephroi.

The observations presented in th is  study indicate tha t on day 24 

o f embryonic l i f e  of the tammar, the mesothelium was 1-2 c e l ls  th ic k ,  

consis t ing  of f la ttened  to cuboidal ce l ls  with no basement membrane 

and no l in e  o f  demarcation between i t s  c e l l s  and the u n d e r ly in g  

t issue . Some of the mesothelial ce l ls  e xh ib it  m ito t ic  a c t iv i t y  and the 

spindles o f these ce l ls  are perpendicular to the gonadal surface. At 

la te r  stages of development, tha t is  in 25 day old embryos (a stage 

ju s t  before b ir th )  and up to 2 days post partum, the mesothelium 

becomes several layers th ick  and continues to be i r reg u la r  w ith many 

m ito t ic  f igures present among i t s  c e l ls .  On day 3 o f pouch l i f e ,  the 

p ro l i fe ra t io n  of the mesothelium in the male gonads ceases and i t  

becomes regular in thickness while the mesothelium continues i t s  

p ro l i fe ra t io n  in the ovaries.

The mesonephric tubules o f the tammar are well developed and do



not appear to  c o n t r ib u te  c e l l s  to  the gonadal b lastem a, thus 

confirming A lco rn 's  (1975) observations. The resu lts  presented here 

also agree w ith  those o f Alcorn in the mesonephric mesenchymal o r ig in  

o f the blastema. However the observations ind ica te  th a t ,  contrary to  

A lc o rn 's  (1975) v iew , the  mesothelium a lso  c o n t r ib u te s  to  the 

blastema. However, he states tha t the f i r s t  ind ica tion  o f gonadal 

ridge formation in the tammar is  an increase in height o f the more or 

less cuboidal c e l ls  o f the mesothelium.

The o r ig in  o f the blastema in the tammar is  d i f fe re n t  from tha t 

reported fo r  the sheep (Zamboni et al.., 1979) although both species 

are s im i la r  in having well developed mesonephroi at ea r ly  stages o f 

gonad development. In the sheep, the caudal h a lf  o f each mesonephros 

consists o f  nephrons while  the cran ia l h a lf  is  e n t i re ly  occupied by a 

s ing le  nephron and numerous tubules. The g iant nephron is  located 

dorsal to  the gonadal r idge . As described in Section 1.2.2, Zamboni et 

a l . (1979) propose th a t  t h i s  g ia n t  nephron p a r t i c ip a te s  in  the 

development o f the blastema in th is  species.

Several views have been expressed in the l i t e ra tu re  regarding the 

process o f gonadal sexual d i f fe re n t ia t io n  (see Section 1 .3 ). These may 

be b r ie f l y  summarised as fo l low s :

1) mesothelial p r o l i fe ra t io n  forming the sex cords (Brambell, 1927, 

see p. 15);

2) co rt ico -m edu lla ry  antagonism (Witschi, 1931, see p. 15);

3) induction by mesonephric structures (Merchant-Larios, 1979; 

Upadhayay et a l . ,  1979; Zamboni et a l - ,  1979; Byskov, 1986, see 

P- 15);

4) mesonephric-mesothelial c e l lu la r  in te rac t ion  (Wartenberg, 1981, 

1983, see p. 15);

5) "a u to d i f fe re n t ia t io n "  o f the blastema ce l ls  o f the in d i f fe re n t
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gonad (Jost, 1973; Ullmann, 1981a, 1984b, see p. 16).

Sexual d i f fe re n t ia t io n  in marsupials has been studied in the 

bandicoot (Ullmann, 1981a), native cat (Ullmann, 1984b) and tammar 

wallaby (Alcorn, 1975; Shaw et al_., 1987). This study reports on 

sexual d i f fe re n t ia t io n  in the tammar wallaby, bettong and the potoroo.

In  th e  b a n d ic o o t ,  th e  p r im a ry  sex co rds  in  th e  t e s t i s  

d i f fe re n t ia te  randomly and are secondarily displaced to a peripheral 

p o s i t io n  where they form a coherent zone ju s t  below the tu n ic a  

albuginea (Ullmann, 1981a). Testis development in the native cat 

Dasyurus v ive rr inus  is  s im ila r  to that reported fo r  the bandicoot 

(Ullmann, 1984b). This author states tha t in ne ither case do the sex 

cords have a mesothelial o r ig in .  In both the bandicoot and the native 

cat the sex cords form by the aggregation of the p re -S e rto l i  ce l ls  

around the p e r ip h e r a l l y  loca ted  PGCs (Ullmann, 1984b). S im i la r  

observations have also been reported fo r  some eutherians, fo r  instance 

c a t t le :  Jost et a l . ,  1975; rhesus monkey: Dong & Fuquet, 1979; human 

and p ig : Pel 1iniemi et a l . ,  1979 (quoted from Ullmann, 1984b).

As is reported by Alcorn (1975) and in th is  study, gonadal sexual 

d i f fe re n t ia t io n  in the male tammar wallaby in i t ia te s  at day 3 o f pouch 

l i f e .  More recen tly , Shaw and his co-workers (1987) found tha t some 

aspects o f somatic sexual dimorphism occur p r io r  to  gonadal sexual 

d i f fe re n t ia t io n  in th is  species. These investigators observed tha t at 

b i r t h ,  the t im e when gonadal sexual d i f f e r e n t i a t i o n  has not ye t 

commenced, the scro ta l anlagen and the mammary glands are already 

formed in the genetic male and female pouch young respec t ive ly . They 

conclude from th e i r  observations that the appearance o f somatic sexual 

dimorphism before gonadal sexual d i f fe re n t ia t io n  is due to an extra 

gonadal e f fe c t  o f the sex chromosomes rather than to  the gonadal 

hormones since they observed no sex differences in the volumes of the
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Mullerian and W olffian ducts or in the g ene t ica l ly  male and female 

gonads.

In th e  p o to ro o  and th e  b e t to n g  s tu d ie d  h e re ,  sexua l 

d i f fe re n t ia t io n  has already occurred by b ir th  since the testes can be 

d is tinguished by the presence of the tunica albuginea. Due to the 

d i f f i c u l t i e s  in g e tt ing  hold of embryonic stages o f these two species, 

t h i s  study has been unable to  e s ta b l is h  whether somatic sexual 

dimorphism precedes gonadal sexual d i f fe re n t ia t io n  in these two ra t  

kangaroos as i t  does in the c lose ly related tammar wallaby.

The resu lts  presented in th is  study regarding gonadal sexual 

d i f fe re n t ia t io n  in the tammar, the bettong and the potoroo are in 

agreement w ith those fo r  the ra t (Jost, 1973), the bandicoot (Ullmann, 

1981a) and the native  cat (Ullmann, 1984b). I t  was found that on day 

24 o f fe ta l l i f e  in the tammar and day 1 of pouch l i f e  in the bettong 

and the potoroo the blastema d if fe re n t ia te s  in to  two c e l l  types: a few 

small f ib ro b la s t - l ik e  c e l ls  and larger ir re g u la r  c e l ls  which form the 

bulk o f the blastema. On day 3 in the tammar and day 1 in the bettong 

and the potoroo post partum. some of the small f ib ro b la s t - l ik e  c e l ls  

are found at the periphery o f the putative testes ju s t  below the 

mesothelium and form the tunica albuginea. On day 3 in the tammar and 

day 2 in the bettong the larger blastema c e l ls ,  at th is  stage clumped 

together, e x h ib i t  low a f f i n i t y  fo r  the stains used and enclose the 

germ ce l ls  forming the seminiferous cords. In the tammar on days 4 and 

5 th e  co rds  become w e l l  deve loped  and c o n s is t  o f  d i v i d i n g  

prespermatogonia and p re -S erto l i  c e l ls .  The tunica albuginea becomes 

several layers th ic k .

Alcorn (1975) indicates tha t due to the u n a v a i la b i l i ty  of 4-6 day 

old tammar pouch young the exact time fo r  the development o f  

seminiferous tubules is  not known but that they are well developed by 

day 7 o f pouch l i f e .  The re s u l ts  presented here show th a t  the
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seminiferous tubules f i r s t  appear on day 6 o f pouch l i f e .

The observations reported in th is  work confirm A lcorn 's  resu lts  

in tha t in the tammar the seminiferous tubules appear to  rad ia te from 

the h i la r  region. This arrangement o f the sex cords is  t o ta l l y  lacking 

in the bandicoot and native cat (Ullmann, 1984b). Instead, the centre 

o f the gonad is i n i t i a l l y  devoid o f sex cords and is  exc lus ive ly  

occupied by stromal c e l ls .  The cords appear to loop pe riphe ra lly  

w ith in  the testes and then converge on the rete in the h i la r  region. 

The arrangement o f the seminiferous cords in the tammar thus d i f fe r s  

from tha t reported fo r  other marsupials, namely the bandicoot and the 

native cat (Ullmann, 1984b).

The f i r s t  in d ic a t io n  o f t e s t i c u la r  d i f f e r e n t i a t i o n  in the 

bandicoot is  the formation of the in c ip ie n t tunica albuginea followed 

by the transformation o f the blastema ce l ls  in to  the p re -S erto l i  ce l ls  

and stroma c e l ls  (Ullmann, 1981a). Alcorn (1975) reports the reverse 

o f th is  in the tammar. In the native cat, however, Ullmann (1984b) 

shows tha t both the tunica albuginea and the seminiferous cords appear 

simultaneously.

The r e s u l t s  presented here fo r  the tammar w a llaby  are in 

agreement w ith those reported fo r  the native cat. Both the tunica 

albuginea and seminiferous cord development were detected on day 3 o f 

pouch l i f e .  On the other hand, the observations reported in th is  study 

in d ic a te  th a t  in  the potoroo and the be ttong , the f i r s t  sign o f  

te s t ic u la r  d i f fe re n t ia t io n  is the development o f the tunica albuginea. 

The re s u l t s  are thus c o n s is te n t  w ith  those reported  fo r  another 

species of marsupial, namely the bandicoot (Ullmann, 1981a).

3 .4 .2 . Ovary development

The general p a t te rn  o f ovary development in  the macropods

studied, that is in the potoroo and the bettong, is similar to that
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re po rted  f o r  e u th e r ia n s  (mouse: Peters & Pedersen, 1967; Odor & 

Blandau, 1969; hamster: Challoner, 1975; ra b b it :  Peters e t a l . ,  1965; 

Deanesly, 1975; f e r r e t :  Deanesly, 1970; p ig : Deanesly, 1975; c a t t le :  

Ohno & Smith, 1964; human: P e l l in ie m i, 1979; Baker & Scrimgeour, 1980; 

Motta & Makabe, 1982) and fo r  marsupials (tammar wallaby: Alcorn, 

1975). There is  s im ila r  oogonial p ro l i fe ra t io n ,  formation o f germ c e l l  

n e s ts ,  onset o f  the  prophase o f  the f i r s t  m e io t ic  d i v i s io n ,  

development o f  tu n ic a  a lbug inea o v a r i i ,  oocyte de gen e ra t ion , 

development o f d i f fe re n t  kinds o f f o l l i c l e s  and a tre s ia  o f ju ve n i le  

f o l l i c l e s .

In con trast to  most eutherian mammals, where ovarian development 

occurs p rena ta l ly ,  ovarian growth and d i f fe re n t ia t io n  in marsupials 

occur p o s tn a ta l ly  d u r in g  the pouch l i f e  o f the young. Postna ta l 

oogenesis, however, has been described fo r  a few mammalian species, 

fo r  instance the ra b b i t :  Peters et a]_ ., 1965; Gondos, 1969; Deanesly, 

1975; hamster: Challoner, 1974 & 1975; Deanesly, 1974 & 1975 and the 

fe r r e t :  Deanesly, 1970).

As is  mentioned in  Section 1 .3 .1 ,  two k inds o f  ova r ian  

development have been described in mammals. The f i r s t  category o f 

mammalian species is  characterized by immediate meiosis: the oogonia 

enter meiosis simultaneously or sho rt ly  a f te r  the onset o f gonadal 

sexual d i f f e r e n t i a t i o n  as in  the case o f  the mouse, r a t  and man 

(Byskov, 1986). On the other hand, a lag period separates gonadal 

sexual d i f fe re n t ia t io n  from the onset of meiosis in those species w ith 

delayed meiosis, as in the case o f the p ig, ra b b it ,  cow and sheep 

(Byskov, 1986). In these species, the oogonia become enclosed in c e l l  

nests tha t resemble te s t ic u la r  cords (see Section 1.3).

Bettong and po to roo  ova r ie s  are ch a ra c te r ize d  by immediate 

meiosis. At the time when the testes d i f fe re n t ia te  (on post partum
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days 2-3 in the potoroo and day 7 in the bettong) the ovaries are 

compact s truc tu res  consisting o f uniformly d is t r ib u te d  germinal and 

blasternal c e l ls  as described fo r  the ovaries o f those species w ith 

immediate meiosis. The germ ce ll  cords which occur in the ovaries o f 

those species w ith  delayed meiosis, were detected ne ither in the 

potoroo nor in the bettong. On day 15 o f pouch l i f e ,  the blastema 

d i f fe re n t ia te s  in to  two ce ll  types: small f ib r o b la s t - l ik e  c e l ls  and 

la rge r i r re g u la r  c e l ls .  The p ro l i fe ra t in g  female germ c e l ls  become 

p e r ip h e ra l ly  located forming the cortex. In the potoroo the oocytes 

were detected at the prophase o f the f i r s t  meiotic d iv is io n  around day 

28 o f  pouch l i f e  and in  the bettong they were f i r s t  observed in  

meiosis on day 42. The d iffe rence in the time o f i n i t i a l  detection o f 

m e ios is  may be due to  the fa c t  th a t  comparable stages in  ovary 

development were missing in the bettong. A th in  layer o f connective 

t issue  separates the cortex from the medulla around days 15 and 16 in 

the potoroo and the bettong respective ly . By day 28 ( in  the potoroo) 

and 42 ( in  the be ttong), the tunica albuginea is  present.

D if fe re n t views are expressed in the l i t e r a tu r e  regarding the 

development o f the re te , which has been derived from the mesothelium 

(A llen , 1904; F e l ix ,  1912; Morgan, 1943), the mesonephroi (Byskov & 

Lintern-Moore, 1973; Stein & Anderson, 1979) or from c e l ls  present inairten'or of
the^ gonadal r id g e s  (F rase r, 1919; A lc o rn , 1975; Deanesly, 1975;

Ullmann, 1984b).

Byskov and Lintern-Moore (1975) studied the development o f the 

rete in  the mouse from the day o f b i r th  u n t i l  day 14 post partum. They 

recognize 3 regions o f the rete which are: the "extraovarian rete" 

which is found in the periovarian t issue , the " in traovarian  rete"

which is observed w ith in  the ovary and the "connecting rete" which

jo ins  the extra  and the in t ra  ovarian re te . These workers observed

that at b ir th  the extraovarian rete ends b l in d ly  in a s ingle wide tube
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in  the periovarian t issue  and the connection w ith  the W olffian duct 

disappears. Upon reaching the ovary i t  branches forming compact c e l l  

cords, the connecting re te . The la t t e r  branches again in to  t in y  c e l l  

cords or tubes, forming the in traovarian re te ; th is  in turn branches 

and occupies the major part o f the medulla and extends in to  the cortex 

where i t  "widens" to  enclose both s ingle oocytes and nests o f oocytes.

The blastema has also been considered as a source o f granulosa 

c e l ls  (Peters & Pedersen, 1967; Odor & Blandau, 1969; Peters e t a l . .  

1969; Deanesly, 1970; Alcorn, 1975; Ullmann, 1984a). Byskov (1975) 

working on the ca t, mink and fe r re t  derives the granulosa from both 

the mesothelium and the mesonephroi. Byskov (1978) re p o r ts  the  

presence o f  membrane-bound bodies (dense re te  bodies) in  the  

cytoplasmic extensions o f the migrating mesonephric c e l ls  (according 

to  her, the re te c e l ls )  in mouse ovaries. This cytoplasmic marker is  

said to  be absent from other somatic ce l ls  and thus appears to  be 

s p e c if ic  to the re te . Byskov (1986) finds tha t these dense rete bodies 

are ne ithe r microperoxisomes nor lysosomes, since they showed negative 

reactions with peroxidase and acid phosphatase. She states tha t the 

function o f the dense rete bodies is  s t i l l  unknown and tha t s im ila r  

inc lus ions are also found in the germ c e l ls .  I t  is  suggested tha t in 

both cases these bodies are re la ted to in te rac t ions  w ith surrounding 

c e l ls .

A lco rn  (1975) working on the tammar w a llaby  describes the 

presence o f vesic les in the cytoplasm of the blastema c e l ls  and the 

re te c e l ls .  This study (p. 83) shows tha t membrane bound dense bodies 

also occur in the blastema c e l ls  of newborn potoroo ovaries. These 

observations and those reported by Alcorn (1975) ind ica te  tha t these 

inclusions are not exc lus ive ly  confined to the re te c e l ls ,  as is  

suggested by Byskov (1978), but tha t they are present also in other
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somatic c e l l  types.

Rete development has been described in a number o f marsupials -  

the b ru sh -ta i led  possum, bandicoot, American possum and the native cat 

by Fraser (1919). This author states " . . .  the re te ridge is  simply 

the  reduced a n te r io r  c o n t in u a t io n  o f the g e n i ta l  r id g e " .  More 

recen t ly ,  Ullmann (1984b) re investigated her s l ides o f bandicoot 

embryos and confirmed Fraser's observation regarding the development 

o f  the re te . Ullmann (1984b) states tha t the re te forms as a re su lt  o f 

c e l l  condensations (presumably mesenchymal c e l ls )  at the an te r io r  end 

o f  the gonadal r idges. Alcorn (1975) also agrees w ith Fraser (1919) 

and believes th a t re te  development in the tammar wallaby is  iden t ica l 

to  th a t described fo r  the b rush-ta iled  possum.

The development o f the rete in the potoroo is  s im ila r  to  tha t 

reported fo r  o ther marsupials. The rete forms as a re s u lt  o f a c e l l  

condensation at the a n te r io r  region o f the gonad, forming a cord which 

la te r  on branches in the gonad.

While in the b rush-ta i led  possum (Ullmann, 1986) and the potoroo 

studied here the re te  branches deeply in the ovaries, i t  was found 

th a t in the bandicoot i t  ends b l in d ly  in the h i la r  region (Ullmann, 

1984a).

Several views are expressed in the l i t e r a t u r e  regard ing  the 

o r ig in  o f the granulosa ( f o l l i c l e )  ce l ls  and these have been reviewed 

in Section 1 .3 .1 .2 . Some authors derive them from the mesothelium o f 

the gonadal ridges (Brambell, 1927; Everett, 1943; Franchi et a l . ,  

1962; Gondos, 1969; Motta & Makabe, 1982), o the rs  from the 

mesonephroi: e i th e r  from the mesonephric tubules (Upadhayay et a l . ,  

1979; Zamboni et a l . ,  1979) or from the rete (Byskov & Lintern-Moore, 

1973; Stein & Anderson, 1979).

In marsupials only two studies are ava ilab le  describing the o r ig in  

of the granulosa c e l ls .  Alcorn (1975) working on the tammar wallaby
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and Ullmann (1984a) working on the bandicoot derive the granulosa from 

the blastema. The former found tha t the granulosa c e l ls  ar ise  from the 

p ro l i fe ra t io n  o f mesenchymal c e l ls  o f the septae between the germ c e l l  

nests and from those m igrating in to  the cortex from the medullary 

stroma. Alcorn states "In  both cases, the mesenchymal c e l ls  o r ig inated 

from the c e l ls  o f the centra l somatic blastema". Ullmann (1984a) 

believes tha t the blastema, at early stages o f ovary development, 

d i f fe re n t ia te s  in to  two c e l l  types: small f ib ro b la s t - l ik e  c e l ls  and 

la rge r c e l ls .  The l a t t e r  clump together forming medullary cords which 

grow through the f ib rous  layer which separates the cortex from the 

medulla and surround the oocytes to become granulosa c e l ls .  She found 

th a t in bandicoot ovaries the medullary cords were large and d is t in c t .

The o bse rva t ion s  re p o r ted  here regard ing  the  o r ig in  o f  the 

granulosa c e l ls  in the potoroo and the bettong are in agreement with 

those reported fo r  some eutherians (mouse: Peters & Pedersen, 1967; 

Peter et a l . ,  1969; fe r r e t :  Deanesly, 1970) and the two marsupials 

already investigated (Alcorn, 1975; Ullmann, 1984a). The way in which 

the blastema contr ibu tes to  the granulosa is  s im ila r  to  tha t described 

fo r  the bandicoot and b rush-ta i led  possum (Ullmann, 1984a).

During the f i r s t  week o f pouch l i f e  (day 2-3 in potoroo and day 7 

in be ttong), the blastema d i f fe re n t ia te s  in to  2 c e l l  types: small 

f i b r o b l a s t - l i k e  c e l l s  w ith  dense n u c le i and la rg e r  c e l l s  w ith  

i r re g u la r  n uc le i.  In the ovaries o f 15 day old pouch young o f the 

potoroo and the bettong, the la rge r ce l ls  clump together in the centre 

forming medullary cords. The la t t e r  grow and penetrate the f ibrous 

layer which separates the cortex from the medulla. Eventually the 

cords enclose the oocytes which occupy the innermost zone o f the 

cortex.
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No evidence was obtained fo r  the deriva tion  o f the granulosa from 

the re te . I t  was found tha t at the time when the medullary cords were 

developed the re te  was present at the h i la r  region but did not ye t 

penetrate the ovary.

At l a t e r  stages o f  development, in  both spec ies, the re te  

penetrates the a n te r io r  end o f the ovary and makes contact w ith the 

medullary cords lo c a l ly .  Although the rete penetrates the ovary o f the 

potoroo very deeply, i t  was observed that the oocytes at a distance 

from the re te  were already surrounded by granulosa c e l ls .  That is  to  

say, fo l  1 iculogenesis is  in progress at one end while the re te is  

loca lised  at the other end of the ovary. Thus i t  is  u n like ly  tha t the 

re te gives r is e  to  granulosa c e l ls  in these marsupials as suggested by 

Byskov and Lintern-Moore (1975) fo r  the mouse. The p a r t ic u la r  non­

involvement o f the re te  in the development o f the granulosa is  even 

more c le a r ly  i l l u s t r a te d  in the bandicoot (Ullmann, 1984) where the 

rete ends b l in d ly  at the h i la r  region and is h is to lo g ic a l ly  qu ite  

d i f fe re n t  from the medullary cords which are more d is t in c t  than in the 

macropods. However, i t  is  possible tha t the structures here id e n t i f ie d  

as medullary cords have been in terpre ted as the intraovarian rete by 

Byskov and Lintern-Moore (1973).

I t  has been suggested tha t the rete t r igge rs  the onset o f meiosis 

in female germ c e l ls  (Baker & Neal, 1973; Byskov, 1974). The former 

inves t iga to rs  s ta te  tha t i t  is  not known whether the action o f the 

rete depends on d ire c t  c e l lu la r  contact between the rete and the germ 

ce lls  or on a d i f f u s ib le  substance. O' and Baker (1976) report tha t in 

the hamster m e ios is  i n i t i a t e s  on day 15 o f  g e s ta t io n .  When they 

cultured fe ta l  ovaries with or without the re te , on day 12 and 13 post  

coitum, they observed tha t in ovaries cultured with the rete fo r  14 

days most o f  the  oogonia reached the lep to te ne  stage o f  m e io t ic  

prophase. On the other hand, apart from a few oocytes found at the
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leptotene stage the m a jo r ity  o f oogonia did not enter meiosis in 

ovaries cu ltu red  fo r  4-6 days w ithout the re te . O' and Baker (1976) 

found tha t the oogonia and the oocytes became a t r e t ic  a f te r  8 days in 

cu ltu re  w ithout the re te and by day 12 the ovaries were devoid o f germ 

c e l ls .  These inve s t ig a to rs  do not re fe r  to f o l l i c l e  formation. I t  is ,  

the re fo re , important to ascertain i f  f o l 1iculogenesis in i t ia te s  in 

ovaries cu ltu red  w ithout the re te .

A few oocytes may occasionally be found w ith in  the rete and the 

m edu lla ry  cords in  the  h i l a r  reg ion  and in  the m edulla . S im i la r  

observations have been reported also in the fe r r e t ,  rabb it and pig 

(Deanesly, 1975) and are described by the la t t e r  as fo llow s: " . . .  

ac tive  d i f fe re n t ia t io n  and p ro l i fe ra t io n  of the re te  coincided with 

the la te r  stages o f the meiotic prophase and the degeneration o f many 

oocytes both in  the cortex and the medulla. During ea r ly  development 

in the fe r r e t ,  numerous oogonia were carried in to  the ovarian medulla 

and gave r ise  to  oocytes which passed in to  various meiotic stages and 

were "taken up by re te  tu b u le s " ,  as were some o f  the oocytes 

degenerating in the cortex. I t  is not c lear from Deanesly's account 

how the oocytes enter the tubules: whether i t  is  through migration, by 

phagocytotic a c t i v i t y  o f the ce l ls  which cons titu te  the tubules or by 

other unknown means o f movement. The f i r s t  p o s s ib i l i t y  can be excluded 

since i t  has been found tha t the germ ce lls  lose th e i r  migratory 

behaviour once they become se tt led  in the gonads (Byskov, 1986). 

Secondly, s ince  the  re te  tubu les  are surrounded by a basement 

membrane, i t  is  d i f f i c u l t  to v isua lise  them undergoing phagocytotic 

a c t iv i t y .  Deanesly (1975) found tha t the oocytes which are "trapped" 

in the re te  were sm a lle r  than the hea lthy  oocytes in  p r im o rd ia l 

f o l l i c le s  and she considers them as "surplus oocytes".

In the tammar wallaby, Alcorn (1975) reports the presence o f
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medullary cords but does not believe in th e i r  involvement in granulosa 

development. He s ta te s  th a t  on day 8 o f pouch l i f e ,  the c e n t ra l  

somatic blastema d if fe re n t ia te s  g iv ing  r ise  to  medullary cords in  the 

centre o f the ovaries and the re te  cords in the h i la r  region. He 

claims tha t since both these s tructu res have the same o r ig in  they 

should have a common name, the re te cords. According to  him the in t ra ,  

the connecting and the extraovarian re te of Byskov and Lintern-Moore 

(1975) are equivalent to the medullary and h i la r  cords, the ovarian 

e f fe re n t  ducts and the epoophoron respective ly .

On day 12 o f pouch l i f e  in the tammar, Alcorn d istingu ishes 2 

types o f  c e l l s  in  the re te  co rds : types A and B. The fo rm er are 

subspherical w ith in d is t in c t  c e l l  membranes while type B c e l ls  are 

elongate and have d is t in c t  c e l l  membranes.

Although type B occur in large numbers (80-90%) at th is  stage, he 

observed th a t  the re te  cords o f  95 day pouch young ova r ie s  were 

dominated by type A c e l ls .  At the u l t ra -s t ru c tu ra l  le v e l ,  however, 

A lco rn  descr ibes  on ly  one type o f  re te  c e l l  (and does not make 

reference to  c e l l  types A and B) which is  s im ila r  to the blastema 

ce l ls  o f  the newborn's ovary in many respects.

A lcorn 's  observations o f 2 c e l l  types in the medullary cords 

could not be confirmed fo r  the tammar, bettong or potoroo.

In th is  study, the term medullary cords is  used fo r  the c e l l  

cords which are found in the medullary region while the term re te  has 

been used to describe the cords and tubules which are found a t the 

h i la r  region at early  stages o f development and branch in the ovaries 

at la te r  stages. Medullary cords were f i r s t  observed on day 32 o f  

pouch l i f e  in potoroo.

There is no unanimity in the 1 i te ra tu re  as to the o r ig in  o f  the 

in t e r s t i t i a l  t issue ( I T ) . Some authors derive i t  from the stroma 

(A llen, 1904; O'Donoghue, 1916; Gruenwald, 1942; Deanesly, 1970;
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Quattropani, 1973; P e l l in ie m i,  1975b; Pehleman & Lombard, 1978), 

others maintain tha t the theca interna of a t re t ic  f o l l i c l e s  gives r ise  

to  IT (Kingsbury, 1939; Dawson & McCabe, 1951; Mori & Matsumoto, 1970; 

Mossman & Duke, 1973). A llen (1904) claims that the IT in the pig and 

ra bb it  derives from the theca interna which has a stromal o r ig in .

In the fe r re t  Deanesly (1970) observed tha t from day 7 a few 

l i p i d  c o n ta in in g  c e l l s  ( the  precursors  o f the IT) appear in  the 

ovaries, o r ig in a t in g  in the medullary stroma. They vary in size and 

shape and they eventually increase in size and d i f fe re n t ia te  in to  

e p ithe lo id  l ip id  containing c e l ls  with rounded nuc le i.  Deanesly (1970) 

reports tha t these c e l ls ,  which form granular lobules, were f i r s t  

detected at the h i la r  region and la te r  on occupy most o f the medulla. 

She found tha t IT gave a p o s it ive  reaction when stained fo r  l ip id s  

while the c e l ls  o f the re te tubules did not do so, ind ica t ing  tha t 

they lacked stored l ip id s .

Quatropani (1973) and Pehleman and Lombard (1978), working on 

mouse ovaries, observed tha t the IT became f u l l y  d i f fe re n t ia te d  and 

had the ch a rac te r is t ic  features o f stero id  secreting c e l ls  at day 9-10 

post partum. The ce l ls  had spherical nucle i, large numbers o f l i p id  

d rople ts , well developed ER and spherical mitochondria with tubu la r 

c r i s t a e .  Quatropani (1973) s ta te s  th a t  the l i p i d  d ro p le ts  have 

e lec tron-lucen t cores and an opaque periphery. This author noted tha t 

the f i r s t  appearance o f the IT d if fe re d  in d i f fe re n t  s tra ins  o f mice. 

In C57BL/6RQ mice IT f i r s t  become detectable on day 10 post part_um; in 

C57BL/6J s tra in  o f mice on day 12 while in yet another s tra in  o f mice 

i t  was f i r s t  seen on day 9 post partum (Pehleman & Lombard, 1978).

In the tammar wallaby, Alcorn (1975) derives the IT from the 

medullary and h i la r  rete cords. Since Alcorn derives these cords from 

the blastema, the IT has a blastemal o r ig in  too.
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The observa t ions  on the o r ig in  o f  the IT in  the  po to roo  are 

s im ila r  to those in the tammar in as much as i t  is  derived from the 

blastema. In the potoroo the IT derives from the medullary cords which 

have a blastema o r ig in .

However, the IT in  the tammar w allaby d e r ives  from both the  

medullary and h i la r  re te  cords, while in the potoroo i t  was found tha t 

the medullary cords were the only source fo r  the IT. No evidence was 

ob ta ined in  t h i s  s tudy f o r  the c o n t r ib u t io n  o f the re te  to  the  

formation o f IT. I t  was found tha t before the development o f IT both 

the medullary cords and the re te were present in the ovaries and could 

eas ily  be d istinguished from each other (see p. 91). At the time when 

IT could be d is t ingu ished , the rete cords were also present in the 

o v a r ie s .  At l a t e r  stages o f  development, when on ly  remnants o f  

medullary cords were present, the rete was s t i l l  found ramify ing at 

the an te r io r  end o f the ovary (see p. 91 & 92). In the potoroo the IT 

is  f i r s t  reco gn iza b le  du r ing  day 91-92 o f pouch l i f e ,  when the 

medullary cords become glandular in appearance. The medullary cord 

ce lls 'w h ich  have spherical nuclei become hypertrophied. They are found 

in c lusters  of various sizes separated from each other by a th in  layer 

o f collagen f ib re s .  However, the presence of a t ra n s i to ry  stage in the 

development o f the IT was already evident at day 86 (equivalent to  

developmental age 66-69, see p. 89) o f pouch l i f e .  The u l t ra s t ru c tu ra l  

studies of the one potoroo specimen examined at th is  stage show tha t 

the medullary cords are beginning to  clump together, lose th e i r  basal 

lamina at the p o in ts  o f  co n ta c t and possess l i p i d  d ro p le ts .  The 

medullary cord c e l ls ,  however, are not h ighly d i f fe re n t ia te d  and lack 

the c h a r a c t e r is t i c  fe a tu re s  o f  mature s te ro id  s e c re t in g  c e l l s .  

Electron micrographs show the presence of only l i t t l e  smooth ER and a 

few ves icu lar or elongated mitochondria having i r re g u la r ly  arranged 

c r is tae  in the cytoplasm o f the IT.
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The histochemical tes ts  performed on the ovary o f the pouch young 

at th is  stage confirm the contention tha t the medullary cord c e l ls  are 

not well d i f fe re n t ia te d .  No 5 3B HSD enzyme a c t iv i t y  was detected 

in the ovary on day 86 (equivalent to developmental age 66-69 days, 

see p. 178) o f  pouch l i f e .  U n fo r tu n a te ly ,  in  the absence o f  

u l t ra s t ru c tu ra l  and histochemical work on o lder stages, th is  study is  

unable to  de te rm ine  the exact time f o r  the es tab lishm ent o f  

steroidogenesis during development and th is  remains to be e lucidated.

As is  reviewed in Section 1 .3 .1 .4 . ,  agreement is  lacking as to  

the o r ig in  o f po lyovu lar f o l l i c l e s  (POFs) which only occur in some 

mammalian species.

The prevalence o f the occurrence in the potoroo seems to ind ica te  

th a t the phenomenon o f polyovuly is  natural in th is  species. POFs are 

found at d i f f e r e n t  stages o f development on day 75 of pouch l i f e  when 

f o l l i c l e s  o f type 3a are polyovular. At th is  stage a few monovular and 

b io v u la r  f o l l i c l e s  are a lso b in u c le a te .  The presence o f a high 

incidence o f b inucleate ova at early  stages o f development and at the 

time when po lyovu la r f o l l i c l e s  s ta r t  to  develop suggests tha t POFs may 

form as a re s u l t  o f a fa i lu re  o f oogonia to  separate from each other 

and thus become surrounded by a common envelope o f f o l l i c l e  c e l ls .  The 

presence o f f o l l i c l e s  having oocytes of the same size, some o f which 

are in  c lo s e  co n ta c t  w ith  each o th e r  supports  t h i s  suggest ion . 

However, oocytes w ith d i f fe re n t ly  sized ova, which are separated from 

each other by granulosa c e l ls ,  have also been observed to cons t itu te  

the POFs. The presence o f variab ly  sized ova in a f o l l i c l e  may be due 

to the d i f f e r e n t ia l  growth o f some of these oocytes or i t  may be due 

to  a d if fe rence  in th e i r  topographic s i tu a t io n  (A l-M ufti et a l . ,  1987, 

personal communication). I t  could be that the oocyte has to occupy a 

certain position within the fo l l ic le  to be in a suitable environment



fo r  i t s  growth.

The presence o f in te r c e l lu la r  bridges between oogonia and between 

oocytes has been described in the ovaries of several mammalian species 

and re la ted to  the synchrony in the d iv is io n  o f these female germ 

c e l ls  ( ra t :  Franchi & Mandl, 1962; hamster: Weakley, 1967; ra b b it :  

Zamboni & Gondos, 1968; Gondos & Zamboni, 1969).

This study was unable to provide u lt ra s t ru c tu ra l  evidence fo r  

in te r c e l lu la r  bridges which may ex is t between the oocytes in potoroo 

POFs. The presence o f oocytes at various stages o f meiosis w ith in  the 

same or in adjacent germ c e l l  nests suggests tha t such bridges may not 

e x is t ,  allowing asynchronous d iv is ions  to take place.

The absence o f in te r c e l lu la r  bridges from the oocytes o f b iovu la r 

f o l l i c l e s  was reported by Papadaki (1978) working on an adult human 

o va ry  from  a p a t i e n t  w i t h  amenorrhea who was t r e a te d  w i th  

gonadotropin .

Deanesly (1970) working on fe r re t ,  Ioannou (1964) on guinea pig 

and Baker (1965) and Baker and Franchi (1967) on human ovaries have 

reported the absence o f synchronised d iv is ions among the oocytes in 

germ c e ll  nests. They found tha t most meiotic stages could be present 

w ith in  the same nest. Deanesly (1970) states tha t the degenerative 

process in the fe r re t  is gradual and is not synchronized; zygotene, 

pachytene and dip lotene stages are a l l  present and i t  appears tha t 

oocytes can f i n a l l y  degenerate at any stage of meiosis. Baker and Neal 

(1973) s ta te tha t asynchrony is  the rule in the m a jo r ity  o f mammalian 

species.

The lack o f synchronous d iv is ions  among the oocyte nests makes i t  

d i f f i c u l t  to  in te rp re t  the formation of POFs as a fa i lu re  of oogonia, 

which are jo ined by in te r c e l lu la r  bridges, to separate from each other 

before they become surrounded by f o l l i c l e  c e l ls .  Perhaps the presence
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of b inucleate monovular and b iovu la r f o l l i c l e s  before and at the time 

o f the development o f POFs is inadequate support fo r  th is  contention. 

Thus the other p o s s ib i l i t y ,  tha t o f c lose ly  apposed oocytes being 

surrounded by a common envelope o f f o l l i c l e  c e l ls  may more l i k e ly  

describe the development of POFs. I t  is  also possible tha t the number 

o f granulosa c e l ls  ava ilable  is not enough fo r  the large numbers o f 

oocytes developing.

In potoroo pouch young POFs at d i f fe re n t  stages o f development, 

from prim ord ia l to  a n tra l,  have been observed and these may contain 

from 2 to  20 oocytes w i th in  them. Although the POFs occur very 

frequen tly  in the ovaries of the ju ve n i le  potoroos studied, i t  was 

found tha t these POFs become pyknotic and disappear from the ovaries 

o f  a d u l ts .  At day 91-98 o f pouch l i f e ,  when a t r e s ia  o f  ju v e n i le  

f o l l i c l e s  is  p rom inent, a few POFs, at d i f f e r e n t  stages o f  

development, undergo a tres ia . This observation o f a t re t ic  POFs is 

c o n s is te n t  w ith  Hartman's (1926) view th a t  POFs are destined to  

a tre s ia .  However, a POF with 2 oocytes was detected in a female adult 

ovary. The reason fo r  the frequent occurrence o f POFs in the ovaries 

o f ju v e n i le  potoroos s t i l l  remains a puzzle.

The u l t ra s t ru c tu re  o f oogonia in the potoroo ovaries is s im ila r  

to  tha t reported fo r  eutherians (mouse: Odor & Blandau, 1969; ra t :  

Franchi & Mandl, 1962; pig: Anderson & Beams, 1960; human: Baker & 

Franchi, 1967). Electron micrographs ind ica te  tha t the oogonia are 

spherical in shape and are la rger than the surrounding somatic c e l ls .  

The nuclei contain a well developed nucleolus. The mitochondria are 

ves icu la r or elongated with i r re g u la r ly  arranged c r is ta e .

Some authors report that the nuclear envelope o f the oogonium has 

a regular contour (Franchi & Mandl , 1962; Baker & Franchi, 1967) 

while others f in d  tha t the nuclear membrane is i r re g u la r  (Odor & 

Blandau, 1969). The observations presented in this work are s im ila r  to
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those o f Odor & Blandau (1969). I t  was found tha t the nuclei are 

i r r e g u la r  and may be inden ted . The he te roch rom atin  is  e i t h e r  

d is t r ib u te d  throughout the nucleus or is  re s tr ic te d  to  the periphery 

in a beaded co n f ig u ra t io n . S im ila r observations have been made fo r  the 

heterochromatin in the primordial germ c e l ls  (PGCs) in some eutherian 

and marsupial mammals (mouse: Clark & Eddy, 1975; tammar wallaby: 

A lcorn, 1975; bandicoot: Ullmann, 1981b).

In contrast to  the oogonia o f the mouse which only contain sparse 

ribosomes (Odor & Blandau, 1969), those o f  the potoroo are 

characterized by the presence o f abundant ribosomes, a feature s im ila r  

to  th a t  reported fo r  the ra t  (Franchi & Mandl, 1962).

The oogonia o f the potoroo are characterized by the presence o f a 

large quan tity  o f rough endoplasmic reticulum which may be associated 

w ith  the mitochondria, the nuclear envelope or the plasma membrane. 

These observations contrast w ith those described fo r  eutherians (Odor 

& Blandau, 1969; Byskov, 1986). The former report th a t ra t oogonia 

contain sparse endoplasmic reticulum.

Electron micrographs ind icate  tha t in the potoroo the oocyte 

cytoplasm is  less e lectron dense than in the surrounding f o l l i c l e  

c e l ls .  This may be due to the growth o f the oocytes and the dispersion 

o f the ribosomes, as suggested fo r  the mouse. S im ila r  observation was 

noted fo r  the oocyte by Odor and Blandau (1969). On the contrary, the 

number o f mitochondria and Golgi complexes have increased and th is  is  

in accordance w ith  observations reported fo r  other mammalian species 

(mouse: Odor & Blandau, 1969; bandicoot: Ullmann, 1978).

The u l t r a s t r u c t u r a l  s tud ies  d id  not reveal the presence o f 

ooplasmic lo ca l iza t io n s  such as the paranuclear complex, the ve isc le  

microtubule complex or the aggregate of tubu la r c is ternae, which were 

found in the prim ord ia l oocytes o f the bandicoot (Ullmann, 1978). This
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author was able to  id e n t i fy  the paranuclear complex even at the l ig h t  

m ic rosco p ic  le v e l .  She s ta te s  th a t  " In  p a r a f f in  se c t io n s  the 

paranuclear complex (PNC) appears as an eosinophil body which is  

u s u a l ly  ovo id  in  o u t l in e  and s i tu a te d  c lose  to  the nuc leus , but 

va r ia t io n s  in i t s  shape, size, number and pos it ion  are not uncommon."

The observations presented here show tha t the ovaries o f adult 

potoroos are s im ila r  to  those described fo r  other mammalian species 

(Mossman & Duke, 1978). The ova r ie s  are surrounded by a re g u la r  

mesothelium with a th in  basement membrane. The cortex contain sparse 

f o l l i c l e s .  The secondary f o l l i c l e s  are enclosed in a theca made up o f 

two layers : the theca interna and the theca externa. The la t t e r  may be 

inconspicuous or absent from the ovaries o f many mammalian species 

(Mossman & Duke, 1973).

Mossman and Duke (1973) state tha t the corpora lutea eventually 

degenerate. "In large mammals, fo r  instance in man, f ib ro us , often 

pigmented 's c a rs ' ,  corpora a lb ica n t ia ,  mark th e i r  s i te s ,  sometimes fo r  

many months, but in most smaller mammals, th e i r  degeneration is  rapid 

and no trace remains". This may explain why a corpus albicans was 

found in only one out o f 12 adult ovaries examined in th is  study.

Table 3.2 was constructed according to  developmental c r i t e r ia  

m a in ly  from specimens donated by d i f f e r e n t  sources (see p. 74). 

Generally th is  coincided with the chronological sequence, but a few 

exceptions were observed (pt 1, 2, 4, 94) notably specimen p t.  38. 

This specimen which was bred in Glasgow was at least 86 days old (see 

Append ix), ye t  i t s  developmental age was on ly  66-69 days. The 

e x p la n a t io n  f o r  t h is  d iscrepancy between developmental and 

chronological age is at present unknown. Most o f the donated specimens 

used were co llected from the w ild ; the specimens held in Glasgow 

derived from a stock which has been inbred fo r  about 20 years (Ullmann 

& Brown, 1983). This fa c t may account fo r  the noted discrepancy.
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3.5. RESULTS m  DISCUSSION OF QUANTITATIVE STUDY

Q uantita t ive  data re la ted to  the development o f the ovaries in

the potoroo are recorded in Table 3.3 and Figs. 3.55, 3.56, 3.57.

I t  was found tha t the volume o f the ovary increases s tead ily  from 

0.014409 mm̂  on day 5 post partum to 3.733902 mm̂  on day 120 o f pouch 

1 i f  e .

The increase in the volume o f the ovary may be due to growth o f 

the c o r t ic a l  ra ther than the medullary region: the volume o f the 

cortex increases from 0.3245 mm̂  on day 29 to  2.7657 mm̂  on day 120 o f 

pouch l i f e  (F ig. 3.55) while there is  only a s l ig h t  increase in the 

volume of the medulla (Fig. 3 .56). The volume of the la t te r  increases 

from 0.0455 mm̂  on day 29 to  only 0.9682 on day 120.

In adult females (2 years old) however, the volume of the medulla

is  greater than tha t o f the cortex. I t  was found tha t while the volume

o f the l a t t e r  reaches 6.8462 mm̂ , tha t o f the medulla increases to

8.5573 mrn̂ . Although there is not much d if fe rence  between the volumes 

o f 2 *and 4 year old adult ovaries, d is s im i la r i t y  ex is ts  between the 

volume of the cortex and medulla. While the volume of the cortex 

reaches 9.195 mm̂  in the 4 year old ovary, i t  increases to only 6.846 

mm̂  in the case o f the 2 year old animal. Conversely, medullary volume 

is  h igher in the 2 year old animal than in the 4 year old one, being 

8.557 mm̂  and 6.509 mm̂  respec tive ly . This may be due to physio logical 

reasons. Ind iv idua l d if ferences may be expected since ovaries may 

d i f f e r  in the number o f the growing large f o l l i c l e s .

I t  is  reported tha t in eutherian mammals the ovary shows a steady 

increase in volume throughout development ( ra t :  Beaumont & Mandl, 

1962; guinea p ig: Ioannou, 1964; cow: Erickson, 1966; rhesus monkey: 

Baker, 1966 and human: Baker, 1963). On the other hand Alcorn (1975), 

estimating the volume of the ovary in the tammar wallaby, states tha t
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ova r ia n  volume does not increase  s te a d i ly  w ith  age and th a t  the  

ovarian volumetric growth curve can be divided in to  4 d is t in c t  stages. 

The f i r s t  stages -  from b ir th  to  22 days -  represents a period o f 

steady growth; the second stage from 22 days to 50 days, represents a 

period o f more rapid growth, the th i rd  stage - from 50 days to  about 

110 days -  represents a period o f l i t t l e  or no growth and the fou rth

stage -  from 110 days onwards is  a period o f rapid growth.

The resu lts  presented in th is  study fo r  the potoroo are thus 

consis tent with those reported fo r  eutherians and at variance w ith  the 

s i tu a t io n  in the tammar wallaby, i t s  close re la t iv e .  However, the 

observations here ind ica te  tha t there is a s l ig h t  va r ia t io n  between 

d i f fe re n t  specimens o f the same age (days 29, 48 and 98 o f pouch l i f e ,  

Table 3 .3 ) .  S im ila r f ind ings are reported in the ra t  (Beaumont & 

Mandl, 1962) and human (Baker, 1963) and i t  is  suggested by the la t t e r

au tho r th a t  t h i s  may be p a r t l y  due to  the use o f  two d i f f e r e n t

f ix a t iv e s  or d if ferences in the duration o f f ix a t io n .  The former 

reason may apply in th is  study since d i f fe re n t  f ix a t iv e s  were used.
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Table 3.3 Ovarian, co rtica l and medullary volumes in the potoroo

Age Volume of ovary 
(mm3)

Volume of cortex 
(mm3)

Volume o f medulla 
(mm3)

5 days 0.014409

9 " 0.029627

20 " 0.075274

29 " 0.371012 0.324484 0.046528

29 " 0.457495 0.357052 0.100443

37 " 0.582368 0.512262 0.070106

38 " 0.697456 0.592914 0.104542

40 " 0.751578 0.602737 0.148841

41 " 0.265116 0.207708 0.057508

48 " 1.566244 1.287984 0.278260

48 " 1.992328 1.561118 0.431210

50 " 2.013264 1.881508 0.229756

50 " 1.920009 1.762114 0.157895

70 " 1.550989 1.329712 0.221277

82 " 3.154260 2.678226 0.476034

82 " 3.087941 2.669253 0.418688

91 " 2.514544 1.841196 0.673348

91 " 2.368736 1.833339 0.535397

98 " 3.973572 2.492598 1.480974

98 " 3.355906 2.451929 0.903977

120 " 2.703361 1.920451 0.782910

120 " 3.733908 2.765722 0.968186

2 years 15.403465 6.846162 8.557303

4 ii 15.70299 9.194362 6.508628
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Fig. 3.55. Mean volume of ovary and cortex during development.
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Fig. 3.56. Mean volume o f ovary and medulla during development.
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Fig. 3.57. Mean volume of cortex and medulla during development.
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CHAPTER FOUR

METHODS OF DEMONSTRATION OF HYDROXYSTEROID DEHYDROGENASE 

ENZYME IN THE OVARIES OF MACROPOD MARSUPIALS
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4.1 .1 . INTRODUCTION

Enzyme histochemical studies have provided the most in te re s t in g  

and important information about the histochemstry o f the ovary.

Hydroxysteroid dehydrogenase ( 5, 3B HSD) is  an enzyme d i r e c t ly

involved in the biosynthesis o f most b io lo g ic a l ly  active ovarian 

s te r o id  hormones (Wattenberg, 1958; Jacoby, 1962; M otta , 1970; 

Pehleman & Lombard, 1978).

HSD i s  e s s e n t ia l  in  th e  c o n v e rs io n  o f  p re g n e n o lo n e  to  

progesterone and o f dehydroepiandrosterone to  androsterone, precursors 

o f  androgens, oestrogens and co r t ico s te ro id s  (B jers ing , 1967; Goldman, 

1970; H a ffen , 1970). HSD ac ts  to  remove an atom o f  hydrogen in  

p o s i t io n  C-3 from the s te ro id  molecule (H a ffe n , 1970). Thus the  

presence o f such an enzyme in t issue  is  evidence o f steroidogenic 

c a p a b i l i ty  (Guraya, 1972). HSD was f i r s t  demonstrated h istochem ically  

by Wattenberg (1958).

As mentioned in (1 .3 ),  the primord ia l germ c e l ls  (PGCs) migrate 

from th e i r  s i te  o f o r ig in ,  along the hindgut to  the presumptive gonads 

(Wylie, 1986). Chemotaxis has been postulated to  guide PGCs from the 

e p ib la s t  to  t h e i r  f in a l  destina tion  in the gonadal ridges (Wylie, 

1986, see section 1 .3). The f ind ing  o f HSD a c t iv i t y  in the gonadal 

ridges o f human fetuses raises the p o s s ib i l i t y  tha t HSD may be the 

chemotactic fa c to r  (B a i l l ie  et a].., 1966).

The i n f lu e n c e  o f  th e  f e t a l  t e s t e s  on the  g row th  and 

d i f f e r e n t i a t i o n  o f  the male re p ro d u c t iv e  t r a c t  has been w e l l  

established both in  vivo and in  v i t r o  experiments (Guraya, 1980). 

Several studies have indicated tha t the fe ta l  testes are able to  

synthesize s te ro id  hormones at the time o f sexual d i f fe re n t ia t io n  

(Ferguson, 1965). The secretion o f androgen by the fe ta l  testes has 

been regarded as the primary determinant o f male phenotypic sexual
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d i f f e r e n t i a t i o n  ( J o s t ,  1973). The a c t i v i t y  o f  HSD has been

demonstrated in  the  Leydig c e l l s  o f  the  f e t a l  te s te s  in  severa l 

mammalian species (mouse: Hitzeman, 1962; r a t :  Levy et a].., 1959;

Schlegel e t al_., 1967; ra b b it :  Wattenberg, 1958; Goldman, 1972).

As f a r  as the  ovary is  concerned, two types o f ovarian

development are recognized (section 1 .3): those showing immediate or 

delayed meiosis. The two kinds o f ovaries d i f f e r  in the time at which 

sex s te ro id  synthesis begins (Grinsted, 1981). In those species with 

delayed meiosis, the ovaries secrete high amounts o f oestrogen p r io r  

to  the onset o f  meiosis. On the other hand, l i t t l e  or no stero ids are 

produced in the ovaries o f those species w ith  immediate meiosis at

th is  time (Byskov, 1986). The early  development o f s te ro id  secreting

c e l l s  in  the  o v a r ie s  o f  species w ith  delayed m eios is  has been

a t t r ib u te d  to  the presence of germ c e l l  compartments, tha t is ,  female 

sex cords (Byskov, 1986). The la t t e r  suggests th a t these compartments 

are necessary fo r  the d i f fe re n t ia t io n  o f s te ro id  secreting ce l ls  and 

the establishment o f hormone production. The ovaries o f those species 

w ith  delayed meiosis are comparable with male gonads in as much as the 

germ c e l l s  are com partm enta lized . Thus, the  observa tion  o f  HSD

a c t i v i t y  in the ra t  te s t is  as early  as day 15 o f gestation, the time 

when sex cords are formed, and i t s  absence in the ovaries before day 9 

post partum (Schlegel et al_., 1967) may be a t t r ib u te d  to the presence 

o f germ c e l l  compartments.

Numerous s tu d ie s  e x is t  to  lo c a l iz e  the  presence o f HSD in  

sections o f ovarian tissues (mouse: Ferguson, 1965; Hart & B a i l l ie ,  

1966; H a d j io lo f f  et a l - ,  1973; Muller, 1975; Hoyer & Byskov, 1981; 

ra t :  Levy e t £ [ . ,  1959; Presl et al-» 1960; Guraya, 1964b; Pupkin et 

aj_., 1966; Sch lege l e t a]_., 1967; Goldman & Kohn, 1970; Hoyer & 

Andersen, 1977; hamster: Guraya, 1965; ra b b i t :  Wattenberg, 1958; 

Goldman et al_., 1972, Guraya, 1967; Guraya, 1968; George et a].., 1979;



Grinsted, 1982; c a t t le :  Guraya, 1968; human: Goldberge et aJL> 1963; 

Fienberg & Cohn, 1965; Bail l i e  et al_., 1966; Goldman, 1966; Jones et 

a l . ,  1968; M o t ta e t  a h ,  1970; Nagai, 1985).

HSD a c t iv i t y  has been loca lized in various ovarian t issues. Most 

authors detect HSD in the i n t e r s t i t i a l  t issue c e l ls  (see Table 4 .2 ) .  

Other ovarian tissues such as the granulosa c e l ls ,  theca in te rna , 

g ranu losa  lu t e in  c e l l s ,  a t r i t i c  f o l l i c l e s ,  h i l a r  c e l l s  and 

in traova r ian  rete c e l ls ,  have also been regarded as s i tes  fo r  s te ro id  

synthesis (see Table 4 .2 ).

A lthough HSD has been s tu d ied  in te n s iv e ly  in  the ova r ies  o f  

several mammalian species, no work in th is  area has been done on 

marsupials. In th is  chapter, an attempt w i l l  be made to  demonstrate 

HSD enzyme in  potoroo and B e n n e tt 's  w a llaby  pouch young and the  

re su lts  w i l l  be correlated w ith l ig h t  and e lectron microscopical 

observations (described in chapter 3).

As mentioned in Section 1.3, Byskov and Lintern-Moore (1973) 

d is t in g u is h  th ree  p a rts  o f  the re te  system in the mouse: the 

extraovarian re te , the connecting re te and the in traovarian re te . I t  

was observed tha t in neonate mouse ovaries, only the intraovarian re te  

showed p o s it ive  HSD a c t iv i t y  (Hoyer & Byskov, 1981). These authors 

suggest tha t the in te rac t ion  between germ c e l ls  and the intraovarian 

re te  c e l ls  tr ig g e rs  the a c t iv i t y  o f HSD in the la t t e r .

Hart e t a l  (1966) report f lu c tu a t io ns  in the HSD a c t iv i t y  o f 

granulosa c e l ls  in d if fe re n t  f o l l i c l e s .  Some granulosa ce lls  showed 

e i th e r  a negative or a uniform reaction while in the th i rd  group a 

strong reaction was detected in the peripheral granulosa ce lls  only.

S im ila r  regional differences were observed in HSD reaction in the 

granulosa c e l ls  by Hoyer and Byskov (1981) in the mouse and Hoyer and 

Andersen (1977) in the ra t .  The granulosa ce l ls  of ce n tra l ly  located
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f o l l i c l e s  (type 3b and 4, see Section 3.3) in mouse ovaries showed 

s im i la r  HSD a c t iv i t y  to  the in traovarian  re te  c e l l  cords w ith which 

they were in contact (Hoyer & Byskov, 1981). They observed tha t fou r 

days la te r ,  some type 4 f o l l i c l e s  showed negative HSD a c t i v i t y  and 

subsequently when types 5, 6 and 7 f o l l i c l e s  appeared, they showed 

d if fe rences  in HSD a c t i v i t y  as w e l l .  Hoyer and Byskov (1981) found 

th a t  those f o l l i c l e  types 5, 6 and 7 which lo s t  th e i r  connection to  

the in traova r ian  re te  showed p o s it ive  reaction in the peripheral 

granulosa c e l ls  only.

The u l t ra s t ru c tu ra l  features o f both the granulosa c e l ls  and the 

i n t e r s t i t i a l  gland c e l l s  in d ic a te  t h e i r  involvement in  s te ro id  

synthesis (Grinsted, 1981; H a d j io le f f  et a l . ,  1983). They consist o f 

c lu s te rs  o f  l i p i d  droplets associated w ith  ribosomes, well developed 

Golgi complex, granular endoplasmic re ticu lum  and mitochondria w ith 

tu b u la r  c r is ta e .

I t  has been observed tha t HSD synthesis in fe ta l  pig ovaries 

occurs e a r l i e r  than the development o f  u l t r a s t r u c t u r a l  fe a tu re s  

re la ted  to  steroidogenesis (Scheib & Lombard, 1972; P e ll in iem i, 1976). 

The l a t t e r  found tha t a l l  the c e l l  types o f pig ovaries at 24 days 

post coitum lacked organelles re la ted to  steroidogenesis, although 

Moon & Raeside (1972) demonstrated HSD in  the mesenchyme o f  the  

i n d i f f e r e n t  gonads a t the same stage o f  development (quoted by 

P e l l in ie m i,  1976).

I t  was found tha t the a c t i v i t y  o f NADH diaphorase is  high in a l l  

o va r ia n  t is s u e s  o f  the mouse i r r e s p e c t iv e  o f  the absence o f  HSD 

a c t i v i t y  (Hoyer & Byskov, 1981). This enzyme catalyses the reduction 

o f the te trazo lium  s a l t  by pyr id ine  nucleotide, thus producing the 

co lour product o f the HSD reaction.

Jacoby (1962) re p o r ts  th a t  the o n ly  subs tra tes  which can be 

u t i l i z e d  by HSD enzyme in tissue sections are dehydroepiandrosterone



and pregnenolone. Moreover, Mori and Matsumoto (1970) f in d  th a t the 

a c t i v i t y  o f  HSD is  h ig h e r  in  t i s s u e  s e c t io n s  when 

dehydroepiandrosterone is  used as a substrate.

4 .1 .2 . DESCRIPTION AND DISTRIBUTION OF MACROPUS RUFOGRISEUS

Bennett's wallaby is  a common animal in zoos since i t  breeds 

re a d i ly  in c a p t iv i t y  (Tyndale-Biscoe, 1975). I t  is  found in eastern 

and south eastern A u s tra l ia  and Tasmania, inh ab it ing  woodland, fo res t 

edges and coastal scrub (Ride, 1970).

Bennett's wallaby is  polyoestrous and monovular (Walker & Rose, 

1981). I t  is  a seasonal breeder and has a gestation length o f 29.4 

days and an oestrous cycle o f 31.9 days (Tyndale-Biscoe, 1975).

4.2 MATERIALS AND METHODS

4.2.1 TISSUE PREPARATION

Immature (newborn-10 days old) and adu lt mice acting as contro ls  

and pouch young potoroos were k i l le d  by e ther. One o f the mouse and 

potoroo ovaries was removed qu ick ly  and placed e i th e r  in a p la s t ic  

mould or on a cork d isc (3-4 mm th ick) w ith  OCT compound (a mounting 

edium fo r  freez ing t is s u e ) .  The ovaries together w ith the surrounding 

medium were then immediately dropped fo r  2-3 seconds in to  graduated 

p la s t ic  beakers o f 2-methyl butane (Isopentane), which had been cooled 

in l iq u id  n itrogen . The tissues were then kept in a f la sk  o f l iq u id  

n itrogen before s to r ing  in a deep freeze at -70°C.

Bennett's wallaby pouch young ovaries were obtained from the 

Wellcome Laboratories, London, already frozen in l iq u id  nitrogen by Dr 

Ullmann, U n ive rs ity  o f Glasgow.

The blocks were sectioned at 10pm in a cryos ta t maintained at 

-22°C and the sections were attached to clean glass cover s l ip s  by 

tra n s ie n t thawing, 2-3 sections per cover s l ip .



4 . 2 . 2  RATIONALE FOR DEMONSTRATION OF DEHYDROGENASE

Dehydrogenase a c t i v i t y  is  demonstrated h is to c h e m ic a l ly  by

s u b s t i t u t in g  an a r t i f i c i a l  e le c t ro n  accepto r f o r  the  n a tu r a l l y  

occuring substances c o n s t i tu t in g  an electron transport chain.

The a r t i f i c i a l  substance chosen is te trazo lium  s a l t ,  which is  

co lourless, water soluble and is  able to accept the hydrogen removed 

from the substrate.

Tetrazolium s a l t  which has been reduced in th is  way produces an 

inso lub le , h igh ly  coloured microcrystal 1ine deposit o f a formazan 

compound at the s i te  o f reaction .

Unfixed frozen sections are incubated in medium containing the 

sp e c if ic  substrate, the te trazo lium  s a l t ,  phosphate b u f fe r  (pH 7.4) 

and coenzyme NAD (Nicotinamide adenine d inuc leo t ide ).

The te trazo lium  s a l t  in the incubation medium competes w ith the 

n a tu ra l ly  occuring e lectron ca r r ie rs  o f the c e l l .  In order to  d ire c t  

electrons from the oxidized substrates to the te trazo lium  s a l t  i . e .  

in h ib i t  the flow o f e lectrons to  oxygen, potassium cyanide is  added to  

the incubation medium.

For the lo c a l iz a t io n  o f A 5, 3)3 hydroxysteroid dehydrogenase 

(HSD), the physio log ica l substrates used were dehydroepiandrosterone 

(DHA) and pregnenolone.

4.2.3 RATIONALE FOR DEMONSTRATION OF DIAPHORASE

When the te trazo lium  s a l t  is  reduced by pyr id ine  nucleotide (NADH 

or NADHP), the re a c t io n  is  ca ta lysed  by an enzyme e i t h e r  NADH 

diaphorase o r NADPH d iaphorase . Thus the co loured p roduct o f  a 

histochemical method fo r  coenzyme - linked dehydogenase is  formed by 

the c a ta ly t ic  action o f another enzyme, the diaphorase.
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NAD+
A5, 30 HSD

> NADH
oxidized
coenzyme

reduced
coenzyme

NADH diaphorase
 > formazan + NAD+Tetrazolium s a l t  + NADH 

(H acceptor) (acts(acts as a substrate) (reduced form)

Pyridine nucleotides are fre e ly  d i f fu s ib le ,  so lo ca l iza t io n  o f 

HSD requires th a t diaphorase be present also in the c e l ls .  I t  is

necessary there fo re  to  demonstrate the d is t r ib u t io n  o f diaphorases in 

order to  get accurate lo c a l iz a t io n  o f a coenzyme-linked dehydrogenase.

4 .2 .4 . HISTOCHEMICAL TECHNIQUE FOR DEMONSTRATION OF HSD

Frozen unfixed sections were processed as fo l lo w s :-

(1) Place in cold acetone (4°C) fo r  2 mins, to  ex trac t the l ip id

drop le ts .

(2) Wash in  phosphate b u f fe r  (4°C) fo r  2mins, to  remove water 

soluble endogenous substrates.

(3) Add a few drops o f medium to  the sections, then cover with a 

p e tr i  dish to  prevent evaporation of the medium and incubate at 

37°C fo r  45 mins to 1 hour.

(4) The 5 in cu b a t io n  media A-E (see Table 4 .1 ) were made up and 

f i l t e r e d  immediately before use.

(5) A fte r  incubation, r inse sections in d is t i l l e d  water.

(6) Fix in 4% formaldehyde or in 10% formol sa line  fo r  1 hour.

(7) Rinse in d i s t i l l e d  water.

(8) Mount in neutral g lycerine j e l l y  (aqueous mountant).

The sections were then examined using a Wild M20 microscope and 

photographed using panatomic f i lm .
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4.3. RESULTS

A 5 3,3 Hydroxysteroid dehydrogenase (HSD) was demonstrated in the 

ovaries o f adu lt mice _ but the immature ovaries o f mice (newborn-up 

to  10 days o ld ) ,  Bennett's wallaby (age 42 to  140 days) and potoroo 

pouch young (newborn and 86 days old) gave a negative reaction.

D i f f i c u l t i e s  were encountered during the lo ca l iza t io n  o f HSD 

enzyme, s in ce  i t  is  lo o se ly  bound to  the t is s u e s ,  A s t a b i l i z e r ,  

po lyv iny l p y ro ll idone  (PVP), which is  a polymer was added to  the 

incubation media. PVP prevents the loss o f th is  enzyme from frozen 

unfixed sections w ithout in te r fe r in g  w ith HSD a c t iv i t y  (Lojda e t a l . ,  

1979). Various concentrations were t r ie d  out and 20% found to  give 

s a t is fa c to ry  re su lts  w ith mouse ovaries.

In the mouse, a strong reaction was observed in the theca layer 

as well as in the i n t e r s t i t i a l  gland t issue while the granulosa c e l ls  

showed negative or a very weak reaction ( f ig .  4.1)

Both dehydroepiandrosterone and pregnenolone substrates gave 

p o s it iv e  reac tions , tha t is ,  they were both u t i l i z e d  by HSD enzyme in 

the ovaries o f  adult mice.

The t im e  taken f o r  a c o lo u r  re a c t io n  to  develop, which was 

v is ib le  to  the naked eye, was about 45 minutes in medium containing 

dehydroepiandrosterone as a substrate and about 60 minutes where 

pregnenolone was used as a substrate. The in te n s i ty  o f the reaction 

product remained unchanged even a f te r  incubating the section in the 

above substrates fo r  a longer time, tha t is  2-3 hours.

Sections o f ovaries which were used as contro ls  fo r  HSD enzyme 

a c t i v i t y ,  th a t is  incubated in medium with e ith e r  dimethyl formamide 

or water but w ithout dehydroepiandrosterone or pregnenolone substrates 

(Table 4.1) were devoid o f formazan deposit.

A c t iv i t y  o f NADH diaphorase enzyme was high in the ovaries o f the



three species used (see Fig. 4.2 -  Fig. 4.6) in sp ite  o f the absence o f 

HSD in the marsupials pouch young. In the case o f the o ldest Bennett's 

wallaby pouch young, the NADH diaphorase reaction was uneven, w ith  the 

granulosa o f the c e n tra l ly  located fo l l i c le s  s ta in ing  dark blue while 

the remaining t issues showed a purple co louration.



Abbreviations

f  f o l l i c l e

f l  f ib rous  layer 

g granulosa c e ll

i t  i n t e r s t i t i a l  t issue 

m mesothelium

me medullary cord

o oocyte

t  theca layer



Fig. 4.1a. Transverse section through a portion  of the ovary o f an 

adult mouse. Note the strong hydroxy s tero id  dehydrogenase 

reaction in the i n t e r s t i t i a l  t issue  and the theca layer and the 

weak reaction in the granulosa c e l ls  fo l low ing  incubation in 

pregnenolone. (Bar = 50 ^im).

Fig. 4.1b. Detail of marked region in Fig. 4.1a. (Bar = 25 ^im).
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4.2a. Portion of a frozen unfixed section of the cortex o f the 

ovary o f an 86 day old pouch young potoroo, stained with 

haematoxylin and eosin. (Bar = 50 ^im).

4.2b. Same region as shown in Fig. 4.2a, showing NADH diaphorase 

a c t i v i t y  in the somatic c e l ls .  The oocytes remain unstained. (Bar 

= 50 ^pm).

4.2c. Same ovary as in Fig. 4.2a, through the  medulla, showing 

NADH diaphorase a c t i v i t y  in the medullary cords. (Bar = 50^jum).
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4.3. Transverse section of a portion of the ovary of a 6-week old

pouch young Bennett's wallaby. Note strong NADH diaphorase

a c t iv i t y  in the somatic ce l ls  only. (Bar = 50 ^m).

4.4a. Transverse section o f a portion  of an ovary o f a 7 week old 

pouch young Bennett's wallaby, showing NADH diaphorase a c t iv i t y  

in the somatic c e l ls  o f the cortex. (Bar = 50^ m ) .

4.4b. Same ovary as in Fig. 4.4a to  show the strong NADH reaction

in the medullary cords and the weak a c t i v i t y  in the f ib ro us  layer

between the cortex and the medulla. (Bar = 50^pm).
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Fig. 4.5. Transverse section through a portion of the ovarian cortex

of an 8 week old pouch young Bennett's wallaby, showing NADH

diaphorase a c t iv i t y  in the somatic ce l ls  only. (Bar = 50 urn).

Fig. 4.6a. Transverse section through part o f the ovary o f 20 week old 

pouch young Bennett's wallaby, stained with haematoxylin and 

eosin. (Bar = 50 ^pm).

Fig. 4.6b. Same region as in Fig. 4.6a, to show NADH diaphorase 

reaction in the somatic c e l ls .  The oocytes remain unstained. (Bar
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4.4. DISCUSSION

The resu lts  presented in th is  study regarding the appearance o f 

A 5 3p hydroxysteroid dehydrogenase enzyme (HSD) in the ovaries o f  

a d u l t  mice are comparable to  those re p o rted  p re v io u s ly  f o r  t h i s  

species (see p. 185).

The observations, however, ind ica te  tha t HSD a c t iv i t y  is  absent 

from a l l  the immature stages studied, in both marsupials (potoroos: 

newborn and 86 days o ld ; Bennett's wallab ies: 41-140 day old pouch 

young) and mice (new born -  10 days o ld ) .

Potoroo o v a r ie s ,  l i k e  those o f  mice, belong to  the  type  

characterized by immediate meiosis (see chapter 3). In ovaries o f th is  

type, l i t t l e  or no stero ids are secreted p r io r  to  f o l 1iculogenesis and 

th is  observation appears to be re lated to  the absence o f germ c e l l  

compartments or sex cords (Byskov, 1986).

In ovaries o f the delayed meiosis type (Grinsted, 1981) the sex 

cords form p r io r  to the onset o f meiosis and, according to  Byskov 

(1986), th is  is  a p re re qu is i t  fo r  the d i f fe re n t ia t io n  o f s te ro id  

secreting c e l ls  and hormone synthesis. Thus the negative a c t i v i t y  

noted in the macropod marsupial ovaries used is  not supris ing since 

these species lack germ c e ll  cords and meiosis in i t ia te s  at ea r ly  

stages o f ovarian development.

As shown in  Table 4 .2 , Hart et. aj_ (1966) observed weak HSD 

reaction in mouse ovaries at day 12 a f te r  b i r th .  They report tha t 

p r io r  to  the th i rd  week of l i f e  the granulosa ce l ls  o f most ovarian 

f o l l i c l e s  show an even d is t r ib u t io n  of HSD enzyme. Subsequently the 

pattern o f a c t iv i t y  changes with the granulosa of some f o l l i c l e s  

showing no a c t i v i t y ,  tha t of others having an even d is t r ib u t io n  o f HSD 

w h i le  in  the t h i r d  group the granu losa o f the p e r ip h e ra l la ye rs  

e x h ib i t  higher in te n s i ty  of reaction than those of the inner pa rt.



Mailer (1975), in contrast, found no trace o f HSD enzyme a c t i v i t y  

in mouse ovaries p r io r  to day 14 o f l i f e .  At th is  stage, however, he 

observed strong reaction deposit in the i n t e r s t i t i a l  t issue  while the 

granulosa c e l ls  exh ib ited a very weak reaction. At la te r  stages o f 

ovarian development, tha t is at f iv e  weeks o f age, the theca layer 

surrounding the f o l l i c l e s  as well as the corpora lutea showed a strong 

p o s it ive  reaction (see table 4 .2 ).

H a j io lo f f  et a l  (1973) detected HSD a c t iv i t y  in neonate to 3 week 

old mouse ovaries. They state tha t while the granulosa o f new born and 

immature mice (1 -  15 day post partum) demonstrates strong a c t i v i t y ,  

tha t o f adult animals shows only a moderate a c t i v i t y :  the granulosa o f 

a t re t ic  and some preovulatory f o l l i c l e s  shows a p o s it ive  reaction 

while those o f developing f o l l i c l e s  e xh ib i t  a negative reaction. In 

the preovulatory f o l l i c l e s ,  these authors found th a t HSD reaction was 

generally present only in granulosa c e l ls  attached to  the basement 

membrane. In both new born and mature animals, the i n t e r s t i t i a l  t issue  

showed a p o s it ive  reaction.

H a j io lo f f  et a l  (1973) found tha t although the granulosa c e l ls  

showed a p os it ive  HSD reaction in the neonates, t h e i r  u l t ra s t ru c tu ra l  

features did not reveal an involvement in s te ro id  synthesis: except 

fo r  possesing l ip id  droplets associated with ribosomes, the granulosa 

c e l ls  did not have any other organelles re lated to  s te ro id  synthesis. 

The granulosa c e l ls  o f preovulatory f o l l i c l e s ,  on the other hand, were 

characterized by the presence o f such organelles and many lysosomes. 

They in te rp re t  the presence o f these features in the granulosa c e l ls  

o f preovulatory f o l l i c l e s  as signs o f steroidogenic a c t i v i t y  re la ted 

to  the precocious lu te in iz a t io n  o f granulosa c e l ls .  The presence o f 

l ip id  droplets in the granulosa c e l ls  o f neonate ovaries is  considered 

as an early  sign o f a tres ia . They argue fo r  th e i r  in te rp re ta t io n  by 

s ta t ing  tha t numerous a t re t ic  f o l l i c l e s  are present in the sections o f
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prepubertal ovaries.

As mentioned in section 4.1, the presence o f HSD enzyme in t issue  

sections is  considered as an ind ica t ion  o f steroidogenic c a p a b i l i ty  

(Guraya, 1977). However, the re s u l t s  o f  H a j i o l o f f  e t  a l  (1973) 

presented above suggest that the presence o f HSD in neonate ovaries 

does not necessarily mean tha t the la t t e r  are capable o f producing 

s te ro id  hormones. These observations thus suggest th a t the method used 

by many authors fo r  the demonstration o f HSD is  not re l ia b le  fo r  

te s t in g  fo r  the presence of s te ro id  hormones. Moreover, these authors' 

resu lts  ra ise  the p o s s ib i l i t y  tha t the presence o f HSD enzyme does not 

need the elaborate c e l lu la r  machinery required fo r  hormone production.

Pehleman and Lombard (1978) studied the u lt ra s t ru c tu re  o f ovarian 

i n t e r s t i t i a l  t issue  in embryonic to 3 day old mice and report s im i la r  

observations to  those of H a j io lo f f  et (1973). They found no sign o f 

the  m orpho log ica l machinery f o r  s te ro id o g e n ic  a c t i v i t y  in  mouse 

ovaries p r io r  to  day 3 post partum: at th is  stage only l ip id  drople ts  

and occasional membranes of smooth endoplasmic reticu lum were noted. 

Small i n t e r s t i t i a l  gland c e l ls  with f u l l y  d i f fe re n t ia te d  tubu la r 

mitochondria and sparse endoplasmic reticu lum were f i r s t  observed on 

day 9 a f te r  b i r t h .  Fu lly  d i f fe re n t ia te d  i n t e r s t i t i a l  gland c e l ls  were 

present by day 14 post partum.

Hoyer and Byskov (1981), also working on the mouse, detected HSD 

a c t iv i t y  at day 7 a f te r  b i r th .  At th is  stage they report tha t only the 

re te  c e l ls ,  which have an in traovarian pos it ion  close to the oocytes 

(according to  them, the in traovarian re te ) ,  and the granulosa c e l ls  o f 

growing f o l l i c l e s  develop HSD a c t iv i t y .  They found tha t the a c t i v i t y  

o f the granulosa ce l ls  varied with the type o f f o l l i c l e  and with age. 

They observed tha t on day 7 a f te r  b i r th  both the granulosa c e l ls  o f 

the  c e n t r a l l y  loca ted  f o l l i c l e s  (Type 3b-4 f o l l i c l e s )  and the  

in traovarian  re te  c e l l  cords, w ith which they are in contact, have the
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same in te n s i ty  o f reaction. Moreover, on day 11, Hoyer and Byskov 

(1981) found tha t some type 4 f o l l i c l e s  did not show any HSD reaction . 

They also report tha t on days 15 and 22 a d if fe rence  in HSD a c t iv i t y  

was found among the large ce n tra l ly  placed f o l l i c l e s  (type 5 ,6 ,7 ).  In 

those f o l l i c l e s  which according to them lo s t  t h e i r  connection to  the 

in traovarian  re te , HSD in te ns ity  decreases and is  confined to the 

peripheral granulosa c e l ls .  On the other hand, in those f o l l i c l e s  

which are connected to  the intraovarian re te , the granulosa c e l ls  

e x h ib i t  a uniform HSD reaction. The in traovarian  re te subsequent to  

lo s in g  i t s  connection  w ith  the newly formed f o l l i c l e s  becomes 

transformed in to  i n t e r s t i t i a l  tissue and shows a strong HSD reaction.

Hoyer and Byskov (1981) in te rp re t  th e i r  observations o f regional 

d if fe rences in the granulosa ce lls  o f large f o l l i c l e s  in the fo llow ing  

way: the f o l l i c l e s  o f the f i r s t  category (with loca lized  HSD reaction) 

are healthy and may be able to ovulate while those o f the second 

category (showing uniform HSD reaction) may be a t r e t ic  and become 

reverted to  the in traovarian rete compartment.

The pre lim inary observations presented in th is  chapter on the 

f i r s t  appearance o f  HSD enzyme in mouse support those o f M l i l le r  

(1975). There was no trace of HSD reaction in the newly born, 5 day 

and 10 day old animals. The discrepancy in the f i r s t  appearance o f HSD 

between d i f fe re n t  authors working on the same species could be due to  

d if fe rences in the s tra ins  o f mice used; or to  the subjective visual 

evaluation o f the in te n s ity  o f reaction as suggested by Hoyer & Byskov 

(1981).

D i f f e r e n t  re s u l t s  have been reported  f o r  d i f f e r e n t  species 

regarding the s i te  o f HSD reaction in adult ovarian tissues. While 

most inves t iga to rs  detected HSD a c t i v i t y  in the i n t e r s t i t i a l  t issue 

(see Table 4 .2 ),  Fienburg and Cohn (1965) working on human and Hoyer 

and Byskov (1981) examining mouse ovaries, detected th is  enzyme also
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in the h i la r  c e l ls  and in the in traovarian  re te respect ive ly .

As fa r  as the granulosa c e l ls  are concerned, most inves t iga to rs  

report t h e i r  p o s it ive  HSD reaction (Table 4 .2 ) .  However, according to  

some authors HSD is absent from the granulosa c e l ls  o f adult ovaries 

o f the mouse (Ferguson, 1965), ra t  (Jacoby, 1962), rabb it  (Wattenberg, 

1958; Goldman, 1972; Mori & Matsumoto, 1970) and pig (B jers ing, 1969).

In t h i s  study HSD re a c t io n  was de tected  in the i n t e r s t i t i a l  

t is su e , granulosa ce lls  and theca layer o f adult mouse ovaries. The 

re su lts  presented in th is  chapter regarding the s i te  o f HSD reaction 

in adu lt mouse ovaries are in agreement with those reported fo r  the 

mouse (H a j io lo f f  et a l . ,  1973) and ra t  (Schlegel et a h ,  1967; Hoyer & 

Anderson, 1977). Besides the three s ites  mentioned above fo r  HSD 

a c t i v i t y ,  Hart et a l  (1966) and Mdller (1975) found th a t the lu te in  

c e l ls  e x h ib i t  reaction deposit. The in te n s i ty  o f the reaction observed 

in th is  study is  comparable to  those reported by Mdller (1975): a 

strong HSD reaction was detected in the theca layer as well as in the 

i n t e r s t i t i a l  t issue  while the granulosa c e l ls  showed a very weak 

reaction deposit.

The only observations of HSD enzyme in the intraovarian re te , 

which is  present at the juven ile  stages, are those o f Hoyer and Byskov 

(1981), working on 1-22 day old immature mouse ovaries. These authors 

do not report the presence of HSD in the i n t e r s t i t i a l  t issue which has 

been reported by Hart et a l- (1966), H a d j io lo f f  et a l .  (1973) and 

M dlle r (1975) fo r  the same species. However, i t  is  possible tha t they 

have m is in terpre ted the i n t e r s t i t i a l  t issue fo r  the rete c e l ls .

The negative reaction fo r  HSD in the ovaries o f the macropods 

used in th is  study is not due to the absence o f NAD diaphorase enzyme. 

I t  was observed tha t the a c t iv i t y  o f the la t te r  was high in a l l  the 

ovaries studied, namely, mice, potoroos and Bennett's wallabies. In 

the o lder Bennett's wallaby pouch young, tha t is 140 days o ld , the
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a c t iv i t y  was uneven in the ovary; the granulosa ce l ls  o f the c e n t ra l ly  

located f o l l i c l e s  stained dark blue while the remaining tissues showed 

a purple colour.

The apparent absence o f HSD enzyme may be due to i t s  presence in

the ova r ie s  a t a very low le v e l  which cannot be de tec ted  by

histochemical methods. Negative reaction fo r  HSD was obtained even 

a f te r  incubating the macropod ovaries in the substrates fo r  2-4 hours. 

The prolonged incubation o f the ovarian tissues in pregnenolone and 

dehydroep iandrosterone re s u l te d  in  the appearance o f some f a i n t  

c o lo u ra t io n  v i s ib l e  to  the naked eye which at f i r s t  gave the

impression o f a po s it ive  HSD reaction. Careful re inve s t iga t ion  o f 

ovarian sections, however, ind icated tha t th is  was an a r t i f a c t  and i t  

occurred as a re su lt  o f a non-specif ic  reaction.

As mentioned e a r l ie r ,  the absence of HSD a c t iv i t y  in the macropod 

m arsup ia ls  l i s t e d  above con firm s  the observa tion  th a t  s te r o id  

synthesis does not become established p r io r  to f o l 1iculogenesis in 

those species with immediate meiosis. Morever, i t  was found th a t 

a lthough some o f  the m edu lla ry  cords were transform ed in t o  

i n t e r s t i t i a l  t issue ce l ls  in an 86 day old pouch young potoroo (see p. 

90), they were not h igh ly d i f fe re n t ia te d  and lacked the c h a ra c te r is t ic  

features o f mature s tero id  secreting c e l ls .  Electron micrographs 

ind ica te  the presence o f only sparse smooth endoplasmic re ticu lum  in 

the cytoplasm o f the i n t e r s t i t i a l  t issue and few round or rod shaped 

mitochondria. However, large l i p id  droplets are present.

This is  the f i r s t  a ttem pt to  demonstrate HSD enzyme in

marsupial gonads. Although in th is  study pos it ive  resu lts  were not 

obtained fo r  reasons suggested p rev ious ly , fu r th e r  work is  expected to  

demonstrate HSD enzyme in the ovaries of o lder marsupials which have 

undergone fo i l icu log e n e s is .
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CHAPTER FIVE 

GENERAL CONCLUSIONS



GENERAL CONCLUSIONS

Since in d iv id u a l  sec t ions  in c lu d e  d iscu ss io n  on the  work 

undertaken, th is  chapter brings together the general conclusions drawn 

from th is  inves t iga t ion  and makes recommendation fo r  fu tu re  study.

The major aim o f t h is  study was to  compare the process o f  

gonadogenesis in eutherian and marsupial mammals and to  throw l ig h t  on 

some problems -  fo r  instance, the o r ig in s  o f the blastema, granulosa 

c e l ls ,  i n t e r s t i t i a l  t issue ( IT ) ,  po lyovular f o l l i c l e s  (POFs), and the 

f i r s t  appearance o f hydroxysteroid dehydrogenase enzyme (HSD) in the 

ovaries o f macropods.

The observations made here regarding the o r ig in  o f the blastema 

in the mouse ind ica te  that i t  arises from the mesothelium and the 

mesonephric tu b u le s ,  as p o s tu la ted  by Wartenberg (1983). In the  

macropod pouch young studied the blastema also has a dual o r ig in ,  but 

from the mesothelium and the mesonephric mesenchyme. The non­

involvement o f the mesonephric tubules in macropod gonad formation may 

be accounted fo r  by the fac t tha t in these animals the mesonephric 

tubules are well developed and fu n c t io n a l.  In mouse embryos they are 

poorly developed and rudimentary and con tr ibu te  c e l ls  to the gonads.

The observations reported in th is  study suggest tha t gonadal 

sexual d i f fe re n t ia t io n  in the mouse, tammar wallaby and the bettong 

occurs as a re s u lt  o f "a u to d i f fe re n t ia t io n "  o f the blastema c e l ls .  A 

s im i la r  pattern o f gonadal sexual d i f fe re n t ia t io n  has been reported 

fo r  the ra t  (Jost, 1973) bandicoot and b rush-ta iled  possum (Ullmann, 

1981a, 1984b). In th is  study i t  was found tha t at day 12 o f gestation 

in the mouse (p. 42) and day 2 and day 3 o f pouch l i f e  in the bettong 

and the tammar wallaby respective ly , the large blastema ce l ls  (pre- 

S e r to l i  c e l ls )  swell, clump together, e x h ib i t  low a f f i n i t y  fo r  the 

s ta ins used and enclose germ ce l ls  forming sex cords.



Mouse and tammar wallaby ovaries were re investiga ted  between 12- 

14 days post coitum and 9-18 days o f pouch l i f e  respec t ive ly ; while 

ovary development is described fo r  the f i r s t  time in the potoroo (from 

day 1 to adult stages) and the bettong (day 1-59).

Since comparable stages o f ovary development in mouse embryos 

were not re investigated in th is  study, the s truc tu re  o f the macropod 

ovaries at la te r  stages o f development was compared to  those reported 

in the l i t e ra tu re  fo r  other eutherian and marsupial mammals.

Two kinds o f ovarian development have been described fo r  mammals: 

those with immediate and those with delayed meiosis (see Section 3 .1 ) .  

Both mouse and the macropod ovaries reported on here belong to the 

f i r s t  category o f animals. However, the observations presented above 

ind ica te  tha t the m ito t ic  and meiotic a c t iv i t ie s  o f female germ c e l ls  

in the former are c lose ly  synchronized while those o f the la t t e r  are 

n o t.  The presence o f  asynchrony o f  d iv is io n s  has, however, been 

reported fo r  some eutherian mammals ( fe r re t :  Deanesly, 1974; human: 

Baker, 1963).

The two kinds o f ovarian development (tha t is  w ith  immediate or 

delayed meiosis) deviate from each other also in the time at which sex 

s te ro id  synthesis begins (Byskov, 1986). No s ig n i f ic a n t  sex stero ids 

are produced by the newly d i f f e r e n t ia t e d  o va r ie s  which are 

characterized by immediate meiosis while those ovaries w ith delayed 

meiosis secrete a high amount of oestrogen. The absence o f hydroxy­

s te ro id  dehydrogenase enzyme (HSD) from the ovaries o f the macropods 

used here (the potoroo and Bennett's wallaby) confirms the observation 

t h a t  s t e r o id  s y n th e s is  does no t become e s ta b l i s h e d  u n t i l  

f o l 1iculogenesis in those species with immediate meiosis. Further 

support fo r  th is  contention is deduced from u l t ra s t ru c tu ra l  studies on 

the ovaries of the potoroo at the same stage of development. Electron 

micrographs reveal tha t although the presence of a t ra n s i to ry  stage in
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the development o f  IT is  observed at day 66-69 o f  pouch l i f e  

(chronological age o f 86 days), i t  is not h igh ly  d i f fe re n t ia te d  and 

lacks the c h a ra c te r is t ic  features o f s te ro id  secreting c e l ls  (see 

Section 3 .4 ).

The observations regarding the o r ig in  o f the IT in the potoroo 

ind ica te  tha t these form as a re su lt  of the d i f fe re n t ia t io n  o f the 

medullary cords (which have a blastemal o r ig in )  in the centre o f the 

ovaries.

The mode and extent o f rete development d i f fe r s  in d i f fe re n t  

mammals. In some eutherian and a l l  marsupial species investigated 

( fe r re t :  Deanesly, 1975; tammar wallaby: Alcorn, 1975; native  cat: 

Fraser, 1919; Ullmann, 1984b; potoroo: th is  study) the re te  arises 

from a condensation o f  c e l l s  at the a n te r io r  end o f  the  gonadal 

rudiment. In other species (mouse: Byskov & Lintern-Moore, 1973; ra t :  

Byskov, 1975; Stein & Anderson, 1979; cat and mink: Byskov, 1975) i t  

derives from the mesonephros.

-The e x te n t to  which the re te  develops w i th in  the  o va r ie s  in  

d i f fe re n t  marsupials is  va r iab le . While in bandicoots the re te ends 

b l in d ly  at the h i la r  region (Ullmann, 1984a), i t  penetrates very 

deeply in to  the ovaries o f the brush-ta iled  possum (Ullmann, 1986), 

the tammar w a llaby  (A lc o rn ,  1975) and the be ttongs and potoroos 

studied here.

The h is to lo g ica l work suggests tha t the granulosa c e l ls  in the 

potoroo and bettong ar ise  from the medullary cords ra the r than from 

the rete and the f ind ings  are thus in agreement w ith those reported 

fo r  a number o f eutherian ( fe r re t :  Deanesly, 1970; guinea pig and 

ra b b it :  Deanesly, 1975) and marsupial (tammar wallaby: A lcorn, 1975; 

bandicoot: Ullmann, 1984a) mammals. The re su lts ,  however, are at

variance with the find ings of other authors who derive the granulosa
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from the rete in the mouse (Byskov & Lintern-Moore, 1973), ra t (Stein 

& Anderson, 1979) cat and mink (Byskov, 1975).

According to  the observations reported in th is  study, the POFs in 

the potoroo derive from isola ted oocytes which become surrounded by a 

common envelope o f granulosa c e l ls ,  a condition postulated fo r  some 

eutherian mammals (Mossman & Duke, 1973; Tagami & Akimoto, 1978).

The q u a n t ita t ive  resu lts  show that there is a steady increase in 

the volume o f potoroo ovaries with age. The volume o f the ovaries 

increases from 0.014 mrn̂  on day 5 post partum to  3.733908 mm̂  on day 

120 and to  15.403465 mm̂  in adult ovaries. The observations presented 

in th is  study thus agree with those reported fo r  eutherian mammals 

( r a t :  Beaumont & Mandl, 1962; guinea p ig :  Ioannou, 1964; cow: 

Erickson, 1966; rhesus monkey: Baker, 1966; and human: Baker, 1963) 

but d i f f e r  from those suggested fo r  the c lose ly - re la te d  species, the 

tammar wallaby, by Alcorn (1975). The la t t e r  found tha t the ovarian 

volumetric growth curve is  in terrupted and is  d ivided in to  4 d i f fe re n t  

stages (see p. 162).

This study leaves several questions fo r  fu tu re  work. I t  w i l l  be 

important to  te s t  some of the ideas on the o r ig in  o f the d i f fe re n t  

c e l l  types presented above, p a r t ic u la r ly  the o r ig in s  o f the granulosa 

c e l l s ,  POFs and IT . This could be achieved by s tu d y in g  the f in e  

s truc tu re  o f ovaries at the time of f o l 1iculogenesis to  ascertain the 

presence o f s im i la r i t y  between granulosa c e l ls  and medullary cord 

c e l ls .  I t  is  also necessary to study the u lt ra s t ru c tu re  o f ovaries 

w ith POFs to  f in d  out whether or not in te r c e l lu la r  bridges are present 

between oocytes in POFs.

Since the presence of a t ra n s i to ry  stage in the development o f 

the IT was already observed at day 86 (equivalent to  developmental age 

66-69, see p. 90), i t  would be in te res t ing  to  fo l lo w  the fu r th e r  

stages o f  t h i s  and th e re fo re  con firm  the o r ig in  o f  IT from the
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medullary cords.

U 1trastruc tura l studies are needed to  detect the time at which IT 

becomes f u l l y  d i f fe re n t ia te d .  This work should be corre la ted with 

histochemical tes ts  to  demonstrate the f i r s t  appearance o f HSD enzyme, 

which is  a necessary p re requ is ite  fo r  the production o f sex s tero id  

hormones.

I t  w i l l  also be important to  confirm the suggestion presented 

above fo r  macropods tha t the rete has no ro le  in the formation o f 

granulosa c e l ls .  This could be approached by cu ltu r in g  ovaries with or 

w ithout the re te  in order to  f in d  out i f  f o i l  iculogenesis occurs in 

the absence o f the re te .
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APPENDIX A 

Staining Techniques

A . I .  Mavers Haemal urn and Eosjjn:

1. Dewax sections in h is tosol fo r  5 minutes.

2. Dehydrate in 95%, 90%, 70%, 50% and 30% alcohols fo r  3 minutes in 

each.

3. Wash in water.

4. Stain w ith Haemal urn fo r  6 minutes.

5. Rinse in water.

6. Rinse in Scotts ' tap water t i l l  sections tu rn  blue purple from a

pink purple.

7. Rinse in water.

8. Dehydrate in 30%, 50%, 70%, 90%, 95% alcohol fo r  3 minutes in 

each.

9. Stain w ith eosin fo r  1.30 minutes.

10. Dehydrate in 95% alcohol fo r  1.30 minutes.

11. ‘Clear in h is tosol fo r  5 minutes.

12. Mount in DPX.

A.2. Mai lo r y 's  T r ip le  S ta in :

1. Dewax sections in h is tosol fo r  5 minutes.

2. Dehydrate in 95%, 90%, 70%, 50% and 30% alcohol fo r  3 minutes in

each.

3. Wash in water.

4. Mordant in Hgc^ acetic  acid fo r  10 minutes.

5. Rinse in water.

6. Stain w ith acid fuchsin fo r  15 seconds.

7. D i f fe re n t ia te  in water fo r  20 seconds or longer.

8. D i f fe re n t ia te  in phosphomolybdic acid fo r  60 seconds.
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9. Wash in w a te r .

10. Stain w ith  Mallory fo r  2 minutes*

11. Wash in water fo r  10 seconds.

12. D i f fe re n t ia te  in a n il in e  blue 90% alcohol fo r  10 seconds.

13. Dehydrate in 2 changes o f absolute alcohol fo r  10 seconds in 

each.

14. Clear in  xylene.

15. Mount in  DPX.
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APPENDIX B 

Solution Preparation

B . l .  Karnovskv's Half Strenoth F ix a t iv e :

1. Dissolve 10 gm paraformaldehyde in 12.5ml o f d i s t i l l e d  water by 

heating to  60-70°C and s t i r r i n g  on a magnetic s t i r r e r .

2. Add a few drops o f IN NaoH s t i r r i n g  a l l  the time t i l l  so lu t ion  

c lears.

3. Cool so lu t ion  and add 25ml o f 25% gluteraldehyde so lu t ion .

4. Make up to  250ml w ith  0.2M sodium cacody la te  b u f fe r  and add 

0.125gm anhydrous calcium ch lo r id e .

B.2. 0.2 M Sodium Cacodylate B u f fe r :

1. Dissolve 2.14gm sodium cacodylate in 50ml d is t i l l e d  water.

2. Add 2.7ml o f 0.2 M HcL.

3. Make up to 250ml w ith d i s t i l l e d  water.

B.3. Veronal Acetate B u ffe r :

D isso lve  1.47gm sodium b a rb i to n e  and 0.97gm hydrated sodium 

acetate in 50ml d is t i l l e d  water.

B.4. 1% Osmiurn Oxide So lu t ion :

1. Dissolve 0.5gm osmium oxide c ry s ta ls  in 25ml d is t i l l e d  water and 

leave overnight.

2. Add the fo llow ing  so lu tions in order:

5ml veronal acetate b u f fe r ,  5ml 0.2N HcL, and 15mL d is t i l l e d  

water.

B.4. Gluteraldehyde Phosphate F ix a t iv e :

Add 10ml of 25% glutaraldehyde so lu t ion  to  a mixture made up o f 

38mL d i s t i l l e d  w ate r, 2ml 0.1% anhydrous ca lc ium  c h lo r id e  

so lu t ion  and 50ml 0.2M phosphate bu ffe r  (pH = 7 .4).
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APPENDIX C.

Pouch Young Measurements

C . l .  Potorous t r id a c ty l  us:

Animal
Code
Number

Age Weight
(gnu

Crown
rump
length
(mm)

Head
length

(mm)

Manus
(mm)

Pes
(mm)

Tail
(mm)

Ear
(mm)

p t.  1 9 days

p t.  2 11 "

p t .  3 14 "

p t .  4 1 "

p t .  5 98 " 59

p t.  6 120 " 61

p t.  7 50 " 15.8

p t .  8 70 " 30

p t.  9 91 " 49
Folded

pt.10 92 " 50 pigmen

p t . l l adult

p t . 12 90 days

pt.13 89 " 39.28 97 45 17 38

p t . 21 adult (4 \t s )

pt.27 9 yrs

pt.30 adult

p t . 31 adult

pt.32 adult (3.! j yrs)

pt .33 adult (2.5 yrs)

p t . 36 adult (3.! ; yrs)

pt.38 86 days 81.4 100 44.45 40 40 80.3 1.95
back

pt .39 2.5 mths 45.3 85 43 20 42 82 Back
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Animal
Code
Number

Age Weight
(gm)

Crown
rump
length
(mm)

Head
length

(mm)

Manus
(mm)

Pes
(mm)

Tai 1 
(mm)

Ear
(mm)

pt .40 adult

pt .41 2-3 days 0.6753 10.9 8 2 5 none

pt.48 82 " 81.4 43.5 10.5 30.4 53 27.5

pt.49 50 " 51.0 21.0 5.0 10.0 16.0 6.0
back

pt.50 32 " 41.8 18.6 4.5 7.7 15.0 9.6

p t . 51 48 " 46.8 38.0 63.0 17.5

pt.52 adult

pt.53 it

pt.54 8 days 18.3 8.7 2.3 3.6 5.1

pt.55 1-3 days f1 0.508 14.4 7.7 2.5 3.0 5.0

pt.56 40-44 " 48.4 24.7 5.3 12.3 19.6 back

pt.57 1-2 " 0.451 15.4 17.5 5.3

pt.58 75-79 " 72.0 42 10 30 53

pt.60 100 " 52.5 12 48.5 82 22.0

pt.64 7-8 " 21.0 7.6 2.5 2.5 4.1

pt.65 65-66 " 68.3 33.5 7.8 21.7 37.0 back

pt.67 117 " 43.0 10 28.3 48.4 15.0

pt.68 38 " 51.0 21.0 5 10.6 0.16 6.0

pt.69 75-76 u 81.5 44.5 9.5 34.3 60.0

pt.70 29-30 M 45.0 20.0 4.6 9.2 9.2 17.5

pt .71 6-7 H 22.5 10.7 2.9 3.9 5.7 Just
develo

pt.72 62 " 66.5 37.0 10 25 31 13.0

p t . 73 25 " 43.0 19.4 4.8 9.6 13.5 back

pt .74 15 " 27.0 14.0 3.0 10.0 10.0 forwd

pt.78 adult (ove?r 4 yrs)

pt .81 70 days 14.61 25.86 7.90 16.66 31.38 8.84



Animal
Code
Number

Age Weight
(gm)

Crown
rump
length
(mm)

Head
length

(mm)

Manus
(mm)

Pes
(mm)

Tail
(mm)

Ear
(mm)

pt .82 29 days

pt.83 37 "

pt.84 58 " 22.16 75.01 33.20 9.54 22.90 40.64 10.70

pt.85 35 "

pt.86 38 ” 9.99 54.82 24.48 5.88 13.52 27.78 7.52

pt.87 54 "

pt.88 79 " 44.75 97.16 43.94 17.26 33.74 58.48 16.88

pt.89 63 11 26.69 82.82 35.90 9.82 23.84 49.78 11.96

pt.90 31 "

pt.91 45 " 12.19 62.32 27.50 7.46 16.88 30.90 8.02

pt.92 38 " 9.29 55.92 24.30 5.38 12.82 25.01 6.40

pt.93 29 " 42.08 14.52 34.80 67.70

pt.94 17 " 4 19.4 9 back

pt.97 30 "
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C.2. Bettongia gaimardi

Animal
Code
Number

Age
(days)

Sex Weight
(gm)

Crown
rump
length
(mm)

Head
length

(mm)

Manus
(mm)

Pes
(mm)

Tail
(mm)

Ear
(mm)

B 1 

B 2

1 day

2 "

M

M 0.461

16.1

14.9

6.6

7.8

4.2

5.0

Just
forming

B 3 14 " F 26.0 12.2 3.1 5.0 6.6 small
po in t ing
forward

B 4 15 " F 2.75 31.0 14.3 6.7 6.3 —

B 5 7 " F 20.7 10.5 4.1 6.0

B 8 18 " F 37.7 14.7 3.8 6.9 7.9 forward

B 9 42 " F 15.9 55.7 21.5 6.3 20.0 29.0 8.0
backward

BIO 28 " F 42.0 20.0 4.7 12.4 21.0 6.5
backward

B l l 84 " F 106 112.0 47.0 10.0 66.0 104.0

B12 59 " F 40.0 80.6 38.0 8.5 35.0 50.4 13.0

B13 56 " F 31.1

B15 56 " F ' 67.0 32.5 10.0 31.4 48.0 backward

B17 49.5 " F 62.1 31.0 10.0 29.45 42.3



C.3. Macropus euaenii pp = post partum: pc = post coiturn

Animal
Code
Number

Age
(days)

Sex

Me 1 5. 5 (pp) M

Me 4 24 (pc)

Me 5 5 (PP) M

Me 7 18 (PP) F

Me 8 4. 5 (pp) F

Me 9 6 (PP) F

Me 11 6 (PP) F

Me 12 24 (pc)

Me 13 3 (PP) F

Me 14 5 (PP) F

Me 16 3 (PP) F

Me 18 6 (PP) M

Me 19 4 (PP) F

Me 20 5 (PP) F

Me 21 ' 6 (PP) F

Me 22 2 (PP)

Me 23 8 (PP) M

Me 26 5 (PP) F

Me 27 3 (PP) M

Me 28 24 (pc)

Me 29 11 (pp) F

Me 30 9 (pp) F

Me 31 5 (pp) M

Me 32 24 (pc)

Me 33 24 (pc)

Me 34 5 (pp) F

Me 35 25 (pc)
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1.

c t
No

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

APPENDIX D

istimation o f Ovarian, C ort ica l and Medullary Volumes

iurements o f volume o f ovary. cortex, and medulla o f a 48-day 
pouch young

P ro f i le Perimeter
(mm)

Area

ovary 0.000765 0.000044
medulla 0.000 0.000

ovary 0.001968 0.000233
medulla 0.000 0.000

ovary 0.002632 0.00040
medulla 0.000 0.000

ovary 0.003120 0.000563
medulla 0.000 0.000

ovary 0.003659 0.000798
medulla 0.001758 0.000195

ovary 0.004003 0.000983
medulla 0.001787 0.000203

ovary 0.004343 0.00124
medulla 0.002208 0.000235

ovary 0.004739 0.001416
medulla 0.002553 0.000383

ovary 0.005108 0.001644
medulla 0.002643 0.000456

ovary 0.005156 0.001800
medulla 0.002805 0.000417

ovary 0.005474 0.001877
medulla 0.002701 0.00443

ovary 0.005282 0.001946
medulla 0.002882 0.000540

ovary 0.005279 0.001952
medulla 0.002710 0.000495

ovary 0.005485 0.001895
medulla 0.003189 0.000512

ovary 0.005491 0.002057
medulla 0.003392 0.000546
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Section
No.

P ro f i le Perimeter
(mm)

Area mnr

16 ovary 0.005511 0.002101
medulla 0.003804 0.000608

17 ovary 0.005229 0.001917
medulla 0.003605 0.00582

18 ovary 0.005151 0.001837
medulla 0.003747 0.000550

19 ovary 0.004869 0.001670
medulla 0.003051 0.000347

20 ovary 0.004698 0.001474
medulla 0.003121 0.000569

21 ovary 0.004366 0.001367
medulla 0.002817 0.000256

22 ovary 0.004270 0.001301
medulla 0.000 0.000

23 ovary 0.0003967 0.00157
medulla 0.000 0.000

24 ovary 0.0003573 0.000949
medulla 0.000 0.000

25 ovary 0.003059 0.000677
medulla 0.000 0.000

26 ovary 0.001527 0.000156
medulla 0.000 0.000

27 ovary 0.000518 0.000020
medulla 0.000 0.000

Volume o f ovary 

Volume o f medulla 

Volume o f cortex

= 1.992328 mnr 

= 0.431210 mm3

= 1.992328 -  0.431210 = 1.561118 mm3
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