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INTRODUCTION |

)

- . :

‘“The present thesis contains the results of va-

S

rious pieces of research. All gf. these investigations

were carried out, however, following one same motive

of interest. )

1. The relatiopshié beﬁwéenhfoLIiculaf.cells'
and oocvtes has occupied the_attention of cytqlogiSts
for many vears. Iﬁ‘thé last few vears the.eleqtron mi-
crogco‘ic 1 stﬁdy of ovaries from the hen has uncovered
a new aspec£ of interest:mthe presence bf-special orga-
nelles ('transoSoﬁes' or ;1ining.bodiesf) which, formed
by the follicular cells, ‘would be‘tréhsferfed to the oo-

cytes during ocogenesis. Since these organellés appear to

- 1

be related to volk formation, the -possibility of their

being found in other vertebrates lé?ing volk-rich eggs

was considered. A review of the literature showed that

o~

they had not been found in the species sb far studied.
The fine structure of the ovaries from two important
‘groups of vertebrates lawing heavy-yolked eggs had not

been, however, studied at all fChelonia and Monotremata).

-~

The present thesis includes an electron microscopical 7
'

study bf'thép§iowing follicles of a turtle (Pséudéhys

scripta elegans) and an echidna (Tachvglossus aculeatus).

+2. The presence of RNA in the granules of hen

2
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‘li?ihg‘bodies' has been squested.but noﬁ provedf The
demonstration of-this fact is of interest since the pre-
sencé of RVA.would suggest an inspructional role of these
organelles. As a cohtfibution to the solufion of this.

problem the present thesis includes the results of an

electron microscopical study of hen ovaries treated with

-

riboﬁuclease.
| 3. Since 'lining wodies': had been shown to exist

already at the time of hatching, an-electron microscopical

stucéy of embryonic chick qoﬁads'was_carfied'out in order

to establish the age of their appearance. This study

‘showed that the 'lining bedies' were present before initi---

ation of gonadal differentiation and-~thus, copstituted

an excellent marker of prospective fOllicular.cells. In

addition to‘attaining its oriéinal objectivef this aspect
of present stﬁdy_supplied impo;tant findings.re}evant to.
the general pfoblem of gonadal’differentiaQion and in so
doing created additional questions. Some of these gquest-—
ions I attained to solve through.éhe electron microsco-

pical study ©f gonads thainéd from hormone-treated emb- -

ryos or maintained  for some time in organotypic culture.



A - FOLLICULAR CELLS AND THEIR RELATIONSHIP WITH

>  OOCYTES IN DIFFERENT VERTEBRATE GROUPS.

e

In the ovarles of all vertebrates there lS a clo-
se relatlonshlp between follicular cells and oocytes since
all the raw materlals from the blood must pass through the
‘olllcular epithelium 1n order to reach the pocyte. The

_\"_ .olllcular epithelium varies in thlckness in different ver-
tebrate groups and mav be’ constltuted by one or several la-
vers o‘ folllcular cells. Althouqh several mechanlsms of
transport of extrafollicular materials to the ococyte are
common to all vertebrate species{ there are others, which

lseem to be'charéeteristic.of particular groups. Thus, these

.- wvariations will be reviewed separately for each group.

;“‘I;jpisces : .

| Prewious studies on cyclostomes (pewis and McMil-
lan,'lBGS- Busson-Mabillot, 1966) and fishes (Jollie and
Jollle, 1964; Hurley and Flsher, 1566; Droller and Roth

1966 hlrose, 1972) have shown that the folllcular epl-

thelium in this: group 1is einsfituted by a single laver of

-

flat follicular cells. The transport of nutritive materials

£ icular cells and the oocvte is facilitated

between the
bresence of microvilli from both types~of cells. The-
;//,//’Zé mierovilli form a complex structure referred to as 'zo-

na radiata’ by several authors (Elugel, 1964a; Droller and




_Lew1s and McMillan (1965) believe that in the sea lamprey

Roth, 1966; Hurlev and Fisher, 1966; Hirose, 1972). The

zona pelluc1da in this gFoup is orqanlzed 1nto several

' lavers(Flugel 1964b; Hurley and Fisher, 1964;: Anderson,

1967) and in somes cases it reaches a_ very complex orga-_

nizatiog (Gotting,.l965). Pore eanals, which contain oo-

“cvte mlcrov1111, have been described in the zona pelluci-~

da bv these authors.

Droller and Roth -(I966)in their ultrastructural
studxes on the .ovarian folllcles ©of the guppy dld not find
anx desnosones in the folllcular eolthellum and suggested
that ntletlve materials may reach the surface of the oo— Lo g
cvte cr0551ng the spaces bctheen the folllcular cells. The é
observatlons of these authors are, however, in contradlc—_
tion with those of Jollle and Jollle (1964) who Found

dlstlnct desmosomes interconnecting the folllcular cells.

the basophilic nurse cells in the follicular epithelium

.are incorpbrated'into the oocvte. The transfer of organelles'

from the follicular cells to the ococyte has not been des-

cribed in this group.

2. Amphibia

The follicular epithelium in amphibidns is also
single lavered and is constituted by flat cells.Several
ultrastructural studies are available on the follicular

cell-ococvte relatienSﬁip_in the growing follicles of o



amphibians (Wartenberg, 1962,1964; Wischnitzer, 1963, 1954- -

Hone et al.,l963- Kessel and Panje, 1968 Joly and Plche—

ral, 1972). These studles have, shbwn that whereas the plas-
ma membranes of both the folllcular cells and oocvtes lie” :

'closelv apnosed -in the smaller folllcles, large rumber of

microvilli, correspondlng to the zena radlgfé of light mi-

croscopists, appear in t@e larger follicles. Thick micro-

- villi arising from the Folllcular cells penetrate. deeo

inteo the oocyte cvtoolasm (Hope et al. 1963; Wlschnltzer,_

1963}

Lé}ge intercellular ‘spaces between.the follicular

‘cells have been reported by Hope et al. (1963), Wartenberg

—~h .

(1964) and Kessel and Panje (1968). These authors sugges-
tedﬁthat these spaces represented an extracellular route
for the passage of nutritive materials to the surface of

1

the oocvte.
| The zena pellqté%a'in amphibians is less complex
than the'one found in fiskhes. However, two. morphologlcallv
and hlstochemlcally dlstlnct zones can be recognlzed in it
(Wartenberg, 1962; Hope et al’, 1963) . On;thls basis, the
above mentioned authof?;sugqested'a follieular cell and
ococyte erigin'of the. material formiﬁg the external and in-
ternal layer of the zona pelluciaa xespectively.

The ultrastructural changes dccufing in the fol-

licular ‘cells during oogenesis were described‘py Kessel



) and Panje (1968). Their study as wéll.as all other avai-
lable ultrastructurél studies on,amphibian foilicles have
falled to” show the transfer of any organelles from the

folllcular cells to the oocvte.

3. Reptilia : - -~

Unlike most other'sﬁb-mammalian‘vertebrates the
fcllicular epithelium in lizards and snakes is'mditilave-
.red at certaln stages of oogenesis ard is constituted by.
morphologically dlfferent tynes of cells (Porte and Zahnd
'1968; Betz, 1968; Hubert, 1971a,b): these are  the small,
medium anéd large (pyriform5 follifular ce;ls.-The pvri-
form rells are derivéd from thé smaller cells (Hubert,
‘197l§). Differiﬁg from lizards and snakes, the follicles
from chéloniané have a unistratified epithelium and dniy
one tvpe of celis has been described in them (Munsog, 1964:
Thing, 1918; Altland, 1951).

' Tﬁe ultrastrgctural‘aspects of follicular cell~
-‘oocyte relatibnship in reptiles pave received little at-
tention. All the available studies at tﬁe‘sﬁbmitroscopical
level in this group are restricted to the analysis of gro-
lying follicles in‘}izards {Ghiara etzal.' 1968, 1970; Hu-
,,pért, 1971a,b;.Neayés, 1971,1972; Taddei,\1572) . Sevgral'
r;aracteristics in the transport 6f_materi§ls, through the

follicular envelope to the developing oocyte appear exclu-

sively in lizards. Thus, true intercellular bridges occur

~——
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between the pyriform'fo;lieular cells and«the oecytes
(Ghiara et al., 1968;. Hibert, 1971b; Neaves,'lgvl- Taddei, -
1972). The presence of brldges between folllcular cells .
and Ochtes has not been described .in other vertebrate‘
groups..Ghlara et al. (1968) cbserved cohsplcuouslbundles
of microtubules in the intereelruler bridges. Neaves (1971)
observed'mitoéhondria,.endqplasmic reticulum and Colgi
‘complexes ih the apical regiens'pf the pyriform.cells.in-
dicating a possible synthesis of materials by the folli-
cular cells for. transfer to the ococvte. faddei (19721 .has
ucqested that rlbosones are svnthesrzed in the pyriform
' cells and then transferred to the oocyte through the cvto-
plasmlc.brxdges. Pyriform cells regress and degenerate

just beFore the onset of vitellogenesis (Ghiaravet al.,

1968: %ubert, 1971b; ‘Neaves, 1971). Ghiara et al. (1968)

.
Fard

state that the degeneratlng pvriform cells nourlsh thev
oocvte and have referred to thenm as 'nurse cells'

Hubert (1971b) believes that the degeneration of
pyriform cells 1ea§es large spacesnin the follicular epi-
theliuﬁ ellowihg the dark granules present in the theca,

to pass directly to the-perivitelliae_sgace, without pas-
sing through the follicular cells. AhsEnce of scallnq
junctions between the.follicu}ar cells has also been shown
”by Neaves (1972) who, by-injecting extracellular tracers

in the lizard, demonstrated that nutrients may pass through
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“these large intercellular spaces’and reach. the oocyvte

directly.

“Ultrastructural studies on lizard ovaries ﬁ;ve
_fai}ed fq show the tnansfer of any organeiles from tﬁe
follicular ceils to Ehe-bocyte opher‘than~those-éroésing
through intercellular briﬁéesQ : .-

Simi)a:'stu&ies on the ovarian follicles of che-

lonia are noé available in the literature.

4. Aves :

In this group, all the ultfastructufal studies
related to the growth of the oocytes and to the speciali-
zations of the follicular celis in the adult, have been
exclusively carried out in the domestic hen;

During,oo%enegis the size of the oocyté increases
from a few microns to abbut 3.5 cm in diameter. This tre=-

mendousrincrease takes place due to‘the accumulation of
5 9olk. It has been shown that the volk precursors are syn-
thesized in the liver and transpdfféﬁ through blood to

the ovary (sée‘réview bv jilbert, 1967} . The follicular
cells play, thever, an important role in yolk deposition
into the oocyte. The oocvtes of aboﬁt 20 u digméter are
already surrounded by a layefaof flat follicular cells
(Greenfield, 1966) and whén the oocyte is apﬁrcximately 1
'ﬁm in diameter, short processes extehd from'thelfollicular

cells into the intercell@lar space (Bellairs} 1965). In

o



follicle§ of 2 ﬁm diaheter, a s§ace appears_between'the
oocyte and the follicular cells and is traverﬁed by micro;
‘-Vllll from both tvoes of cells (Wvburn et al., 1965a; Bel-
- lairs, 1967) The naterlals from the per1v1te111ne space
are taken up by the oocvte throuqh a process of pinocyto- -
sis (Bellairs, 1965, 1967 Wyburn et al., 1965a).

- qoe01allze6 orcanelles rresent at the plasma mem-
brane of the folllcular cells have been desc:;bed by seve-
ral authors. These organelles have been g%ven different na-
mes by'v;rious authors: 'DremitoﬁhQndria‘ (Schjeide and Mc-

Candless, 1962), 'ring shaped structures’ (Ahmen, 1963),

'transosomes' (Press, 1964), 'lining bodies' {Bellairs, 1964.

1965; Paulson and Rosenberg, 1972), 'terminal'mémbranes'
(Wyburn at al., 1965a, SY and 'annular desmosbmes"(Dahl:
1971).

Schjeide and McCandless (1562) thought fhat these
brganelles were involved in the formation of.mitochondria
an@'thusgcalled these structures ‘vremitochondria’ . Schjei-
de eﬁ al. (1963a) observed sonme of these 'premitochondria’
included in the volk snheres in the oocvte and concluded
that they may participate in the partxal svnthesxs or or-
ganlzatlon of volk orotelns. These authors further sugges—
ted that the increase in the number of mitochondria in the

oocyte was in part due to the transfer of these organelles

from the follicular cells to the oocvte.

i :/p".




- Ahmen (19635 describedu'ring sﬁgpéd structures"' .
‘constituted by two membranes and studded with granules
150-250 X in diameter. She foﬁnd these structures distri-
buted all over the fqllicularmgslls but did not ﬁéntion
if thése organelles were incorporated into théizdéﬁié.'

Press (1964) suggestéd the term 'trahsosomes' to
designate these organei&es sincé he observed them passing
‘across the vitelline membrane. Accoréing ﬁo this author, -
however, 'transosomes'. are never released f;ﬁm ;he folli-
cular cells: he believes that the vesicles containing these

organelles, wHich were observed hy Schjéide et al. (1963a)

in the periphery of the oocvte, are oblique sections of ter-

minal evaginations of follicular cells. Press (1964) hased \
. . ) ~ - 3
his conclusions on the absence of these organelles in the R

deepe; lavers of thg ococyte. As to the func}ions of 'tran-
sosomeé‘ Press (1964) §ostulated that they'ini;iaté the
growth of the follicular cell eﬁhginat;oné since he always>
observedrthem at the tip of the extensions. He furthér sug-
'qesféd;xﬁat these organelles may also direct the growth of
the endoplasmic reticular ﬁembrangs in the cocyte. |

- Wyburn et al. (1965a,b) observed the same structu-
res previously described as 'transosoﬁesf. These authors
agreed that these organelles remain aétached permanently
to the plasﬁa membrane o£ the follic#lar cells but sugges-

' / :
ted that thev constitute a device which increases the”

! -

o \
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membrane De}meablllty They called them 'termlnal membra=
nes’ because they are always sztuated at the tip of the
projections of folllcular cells into the oocvte. !
= The most des?rlptlve term and which seems most
appropriaFeAwas given by Bellairs (1964,1963) : she named,
these organelles"lieing bodies" since they appear under-
lving the plasma‘memgzgeelend fbilow'its eontour;_Lfﬁihg
bodies are found between édjacent‘foilicula; cells as well
aghbetween the follicular cells and the oocytes. Several
authors using light mlcroscoolc technlques have reported
that osmiophilic orqenelles which were interpreted as
Golgi bodies (Brambell, 1926; Gurava, 195%T or mitochen—
dria (Vafma,.1954) are transferred from the follicular
cells to the oocvte. Bellairs (1965) identified those
structufes, at the ultrastrpcteral level, as"lining bo-
dies' and postulated that the engulfment of 'lining.bo-
dies' by the ococyte represents a mechanism of delivery
¥t raw materials by the follicular cells.

Schjeide et al. (1966) aéree with Bellairs (1965)
in that the 'transosomes' are ihcorporafed into the oo=-
-cyte.h?hey drew eﬁ analogy Beéween the close relationship
oszgeee organelles with the yolk granules to the intimate
relationship of mitochondria and yolk gfanules as found

in amphibians and reptiles by other authors.

“Although there are divergencies in the description

”

11
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of these spec1allzed organelles by dlfferent authors lt
is evident that 'transosomes' ‘termlnal membranes or
"lining bodies' do correspond to the same type of orga-
nelle. I shall use with preference’ the term 'lining bo-
dies' in subsequent pages. leferent 1nterpretat10ns have
also- been made concernlnq the origin and thlckness of the
ﬂembranes ‘and cranules of the 'lining bodies'. For a re-

o

view of these deqcrlotlons see Bellairs (1965) and Paulson

and Rosenberg (1972).

There are several aspects éancerning 'lining bodies' which
have noéj%%%p clarified in the past:
a) fﬁE'latest works agree iﬁ thgp 'lining bodies'
are incorporated into‘the obcyte (Bellairs, 1964,1965;
lSchjeiée e;'al.h 1966:-Paulson and Rosenﬁerg, 1972) .The~-
reafte:,'tﬁg fate of these organelles is'hot clearly‘uﬁ_
derstood. ‘ B
- b) Thé ori&in and fate of the different membranes,
which constitﬁté the lining bodies, remains controversial.
’ ¢) The méchaniém of formation of 'lining bodies'
at the_plasmaumemﬁrané of féllicular éells as well "as the .
" origin éf the dark granules attached to their inner mem-
brane have been debated.
and d4d) The chemic&l natu;e‘Bf these organelles is® not

known. In the present study an attempt was made to - try to

solve some of these questions.

12
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5. Mémmalia-é

The follicular epithelium in'mafsupials and pla-
cental mammals changes greatly with the growth and dif-
ferentiation of the oocyte. In the pfiméry follicles the
follicular epiﬁhelium is coﬁsﬁitutgd by a éingle layer of
flat foL&ﬁdulér_ceils which becomes cuboidal and multilay-
ered in the secondary and tertiary folliéles fsee review |
5y Brgmbell, 1956). In monotremes, however, the follicular
ggithélium rémains single-layered throughout the develop-

_hehk of Ehe oocyte (as-in platypus, Garde, 1930) or may

13

become two cell deep in late stages of development of the -

‘cocvte (as in echidna, Flynn and Hill, 1939).

Apart from being the fnte;médiary between the oo-
cyte and the‘general circulation, the.folliqular cells in
marmals appear to be related to the pioguction'of liquor
folliculi éﬁd,at certain stages differentiate to produce
steroid hormones. |

Important ultrastructural studies on the relation-
ship between}fo}licular cells and growipg oocytgs have been

- done in eutherian species. Among them I shall mention tho-

.se in the 'rat (Fraﬁchi, 1960; Odor, 1969; Bjorkman, 1962),

g T o e -

rabbit (TrujiIld-Cenoz‘and Sotelo, 1959; Zamboni and Mas-
troianni, 1966), guinea-pig {Anderson and Beaﬁs, 1960;-Adéhé
and Hertig, 1964}, hgmstér (Weakley, 1966), rhesus (Hope,

1965) and man (Baca and Zamboni, 1967). These Studies have

N
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§uppiied details on ;he,morphdlogical expressions of trans-
ferfof-substénces from. the follicular cells to the oocyte; ‘;X
the transfer of whol§ organelles, however, has not been ,'K
feported in ggesé species.

Unique among mammals, in the monotremes, larée a-
mounts of‘yolk are'laiddown in thé/;ocytes and the size
of the ovulated eqg reaches well Sﬁer 3.5 ﬁﬁ,in diameter'
(Flynn and Hill, 1939). Ultrastrudéural studies on the

follicles of this last group are completely lacking. '

~
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B - THE DIFFERENTIATION OF FOLLICULAR CELLS IN THE

CHICK OVARY. R
Follicles appear in the chick ov on-the fourth

66). It would thus seem

day after hatching-%Greenfieid,
\1oqicel.to beqip anaiye' /Ehe degree of differentiation
of the follicular cells.at this age. However, as shown
by Greenfleld (1966) and Narbaitz {1971y several aspects
of differentiation of these cells occur even before that
time. In- addition, tﬁe orlgln of. the tells which will e-
wentually form the follicular cells can be traced back to
_the COElOﬂlC eolthellum already present in the primitive
undlf&erentlated gonad. It is thus approprlaee to review
the iiterature on the differentiation of the gonad‘begin—

ning-at the early stages of "development.

1. Normal development of the'gonad :

The gonadal primordia in the chick eﬁbrYo can be
first recognlzed on the third day of incubation and appear
as a pair of ridges on the median surface of the .mesone-~
phri (Swift, 1915: Blshop-Celame, 1966) . Each.gonad at this

age’'is constituted by a layer of coelomic epithelium, which

_1s referred to as the germinal epithelium or cortex ,overly-

ing a dense mass of mesenchymal tissue known as the medul-
la The germlnal epithelium consists of a large number of

epithelial cells which are cuboidal or columnar in epape;

BN
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Dlstrlbuted among these, are the large orlmordlal germ_
cells (p.g.c. ). It has been shown that the p. g c.ﬂtave an
ewtragonadal origin and are derlved from the anterior ger-
minal crescent:(5w1ft, 1915: Goldsmith, 1935; Mever, 1964;
Clawson and Doﬁm, 1969- Dubois and Ctoisille, 19707 . _The
P.¢.C. penetrate actlvelv into the vascular network during
its formation (Dubois, 1969) and reach the genital ridge
colonizing progressivelv the band 6f coelomic epithelium
between the 22nd and 28th somites (Bishop-Calame, 1966;
 Dubois and Croisille, 1970). " '

By the 4th aﬁo 5th day of incubation the gonads
are recognizable macroscopically. This great increaae ln
volumé-is attributed to the development of the stroma
(Swift, 1915; Bishopféalame, 1966). On the fifth day of
: incobation the germinal}opithelium appears‘multilayerod
~“and coﬁtalﬁs-nhmeroosfgig.c. . forther dlfferené&ation of
the geﬁital ridge is markod by the"formation of.segual
cords;‘These cords arise from the coelomic epithelium'and
begin to‘appear‘b§'the middle of the 5th day. of incubation
{Swift, 1915, 1916). The cords continue te form until about
the 7th day. This sex cord formatlon is accomplished by a‘
localized multiplication of the cells of the germinal epi~-
’tﬁelium and Swift (1915) observed that the basement mem-

brane of the germinal epithelium was at first continuous

around the budding cord. Around 6%-days the cords begin to

* -'u,_;

S
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éeparatelfrom the epithelium and shortly affer the for-

mation of cords of first proliferation or primary sex cords

ceases‘(Swift, 1916§.

Hi;tological‘sex;aifferehtiation SECurs on the
seventh day (SWlft, 1915) and 1s completed on the elghth
dav. mhus, 1n the qenetlcallv male embrvos the germinal
epithelium becomes flat remaining somewhat thicker in the
left than in the rﬁéht gonads uhtil the 11lth day (Laulanie,
1886). The primary eex,cord in males persist forﬁing the

" seminiferous tubules.

In genetlcallycfemale embrvos after the 6th dav
of incubation there is a great dlfference between the de-

velopment of left and right gonads. Whereas the left cor-

tex ‘continues to grow and form secondary- sex cords (Pflu-‘
qer [ cords), no such oroliferation occurs on the rlght_“
51de (W1lller, 1939). The formation of secondary sex cords
in the left ovaries is” preceded bv a multlnllcatlon of the
germ ceilsvyh;ch in the germinal epithelium, transform in-
to ocogonia (Hwift, 1915). Before the time of hatching all
ooéenia stop dividing mitoticaily and enter meiosis thus
becomming oocytes (Hughes, 19‘6"3)' . During this period,a’ the
epithelial cells of the cortex continue to surround the
oogonia or oocytes: after hatching they will transform in-
to follicular cells. The primary sex cords in the female

-

J - i " .
disappear as such; while portions of them acquire a lumen-
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and form the medullary laéunae (Brode; 1928;.Wiilie;;
1939), other portions form—islands of vaquolated cellé
'which are known to bewestrogen‘éroducers (medullafy
interstitial cells). Gefﬁ Eéils in the.primary sex cérds'L
persist for some time. thle thesé changes occur in.ghe
left ovary., in the right one thewcortex is reduced to

a thin layer of ‘epithelial cells (although occasional
islands of thick cortex mav also be’present,'Wolff and
Pinot, 1961). The medullary cords, however, fo;low the

same evolution as those in the left ovaries.
art

2. Contributions-from experimental embrvology

Our understanding of the mechanisms of. gonadal

differentiation has been increased by the contributions of
' experimental embrvologists. The hormonal theory of sex dif-
ferentiation enunciated by Lillie (1916,1917) for mammals

and extended to amphibians by Burns (1923) and Witschf

(1927) was later confirmed also for birds. Thus,'sevefal_

works appeared éimultaneously describing the sex reversal

produced by injections of estrogenic hermones in the £Zhick

embryo (Wolff and Ginglinger, 1935; Wollf, 1936;: Willier
et al.,1935,1937; Dantchakoff, 1935,1936).All of these stu-
dies showed that the injections of estrogens to genetical-

lv male chick embryos before .the 7th day producéd charac-

teristic changes: while the left gonad 1is transformed into

b
A



19

o

an ovary or an ovotestis fesulting from the proliferation

~of its cortex and the formation of lacunae in the medulla, -

the right gonad becomes étrophicn

The-results-obeained using female hormones were
later comolemented by other experlments con51st1ng 1n
h agrafting gonads-from 6-11 dav olad embrvos 1nto undifferen-~
tiated hosts of around 50 hours of incubation. Ovarian |
grafts transformed the male;hosts into idtefsedes by pro-
ducing‘the.transformation gf the left gonad into an ovary
or an ovotestie: the right gonad remained. uswvally slender
or'atronﬁic (Wollf, 1947) These results wene later con-
firmed by Hul;bers {1951) who grafted several ovaries onto
tHe chorloallantOLC membrane. of a. host embrvo to produce
“complete intersexuality. -

Theselresults by showing that grafted-embryonic 5
: i
gonads .could 1m1tate the action of pure estrogenle'hormo-j
nes suggested that embryonic ovaries do secrete estrocensf
The fact that estrogens are secreted by the embryonic o- -
vary was much later confirmed by bidchemical_techniques
(Gallien and LeFodlgoc, 1957; Weniger and Zeiss, 1971}.

Mintz and Wolff (1952,1954) repeated the previous-
ly’ﬁentioned grafting experiﬁents but using as a graft on-
ly the medullary tissue. Since feminization of the male

hosts was also obtained in this case these authors conclu-

ded that the medulla was the site of pfoduction of female
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hormone.

On the basis ‘of these and. other results, the fol-
lowing mechanlsm for sex dlfferentzatlon ln birds has been
suggested,(WQlff, 1950; also see reviews by Wolff, 1960
1965): In genetically female birds the medullarv Zone pro-
-duces estrogenic hormones which stimulates the prolife-
ratlon of the c¢ortex and hence the differentiation of an
ovary; in genetically'male’emh;yos.the lack of estrogenic
stimulation ellows the cortex to undergo atrophyv while the’
sex cords remain ehd transform into seminiferous tubules.

Difficulties arise, however, when one tries to ex-
olain on this‘besis the behaviour of the right temale go-
nads. Since Minté:and Wolff (1952,1954) have shown that the
qgefts of right gpnads are capable of feminizing male'em-
h%gggi%t.isoclear that the failure of the right gonads to
differentiate-cannot be attriboteo to lack of estrogenio"
stimulation.Wolff and WOlff (1948) showed that‘if female.

hormones are 1njected before the germlnal eplthellum has

-‘lp

started to regress this .epithelium can be stlmulated to

proliferate also in the right gonad. These résults were

"later repeated and extended by WOIff and Pinot (1961) .Thus,

the failure of the right cortex to develop must be;attri—

buted either to an. inherent deficient capacity of the right

cortex to respond to estrogenic stimulation or to an ina-

-

dequate timing‘betweeh the beginning of estrogen secretion

20"
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and.ghe‘gnd-of thé'perio&'éf'cortical sehsitivity to such
a stimulétiOn (Wolff agd‘Pinot, 1961).

Whichever thélmecpanisﬁs responsible for the
,‘qo;édal asﬁmmétry méy be, .several arguments have been
put forwafd'to explain its o:iqinal cauﬁe. Swift (1914},
Witschi(1935), venzke (1954) and Limborgh (1958, 1960,
1968} concluded: from ;hgir studies on chick and duck
embrvos that.it'was due ‘to an uﬁqual distribgtioﬁ_of
primOrdialgerm.cells‘(p.g.c.):.é.gic. were, according
to them,more numerous in the léft than in the.right gonad.
Simon (1960a), however, while studying qhick g;hads R
from 25-32 somite sﬁagés did. not find_asymmetrical dis-
tribution. Stanley and Witschi (1940) believe that tl';%
P.g.c. are at first.symmetricglly distributed in-the go-
nadal p;imordia but that later on, some of the germ cells
move from the right to the left gonad.'Limborgh:(1957) )
_disproved this hypothesis by diviq}nq duckuamp:yo§ med;al-
ly, thus destroving all vascular igd other cpnnéétions bet1
ween the left and the - right side, and still findihé as&m-
metriqal-diStribution of germ cells.

The application of organ cﬁiture'techniqdég.hés
cohfi:med the results of in vivo experiments and h;s sup-
plied aﬁditional information. Wolff and Haffen (1951, 19~
d§2a,b;c,d)lsuccessfully cultured gonads ﬁrom 7-day old

duck embryos in a hormone free medium consisting of an agar

[}
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solution in physio;ogieal sqlino and containinq o#tréot =
Erom-chick embryos‘nhich were cultured for 9 days. They
.were - aEle to obtaln thlcal development of the gonads si-
mllar to the one occuring in v1vo The results were so-
mewhat different’%ith gonads from chlck.embryos. In this
case the medullary zone of both‘tne-iéét and the right go-
nads did not form typical lacunae and the p?ima;?"sex cords
persisted as such (Wolff and Haffen, 1952¢).

Whan chickjéonadé from different sexes were linked
ln.culture, the female left or right gonads had a marked“

!
‘cm1n121ng action on 1eft qenetlcallv male gonads (Wenlger,

1958a b)) .

Derhaos the most important contrlbutlon of organ T
culture techniques has been to denonstrate that gonads can
differentiate in a totally synthetic medium (Stenger—Haffen,.-

'1957). This demonstrated beyond doubt that pituitary hor- .

mones play no role in sex differentiation as had been pre-

‘viously suggested by c;assxcal hvpophysectomy experiments

of ?ugo (1940).

3. Cvtological findings :

While classical exberimental embryologists, on.a-
nalyzing the gonadal differentiation, stressed the role of
whole tissues such as the cortex and the medulla, the mo-

dern embryologists have realized that these are complex

o
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entities and that the role of each cellglarﬁtype should be

o

studied in particular.

-

a) The primordial germ cells (p.g.c.) -'Simon's experiments

with in vitro parabzosxs of chlck blastoderms (Simon, 1960a)
have finally conflrmed that the P.g.C. orlglnate in the qer—
mlnal crescent 51tuatcd e\traembr\onlcallx and mlgrate to
the gonad through the blood stream (Dubois, 1969).Dubois
(1964, 1965, 1966) and Cuminge and Dubois (1967) have sup-
plied cvidence indiéating that the éerm cells are attfacted
to the qgrminal epithelium by a chemotactic phghomenon and
that this is initiated bv a merocrine secretion of expor-’
table proteins st éhe germinal epithelium (Cuminge and Du-
bbis,'l969a, 19715;'Dubois and Cumingé (1967} analyzed the
ultrastructure of the p.g.c. and did not find any contrac-
tile- Lllanents or similar structures that would account for

4

-the movement of these cells. The above mentioned authors

‘did not find any characteristic differenge‘between the sub-

9

microscopical cyvtoloay of the p.g.c. in the anterior germi-
nal crescent and that of p.g.c. localized in the gonad. Ac-

cording to Dubois and Cuminge (1968) the lipids which are

'present in large quantities in the P.g.c. persist in the

i

spermatogdnia at. later .ages but disappear from the oogo-

nia.
Since gonads can d¥fferentiate in the absence of

P.g.c. (Reynaud, 1969:; Simon, 1960b) .it appears that they“

23



do not represent the lnltlal sﬁlmulus for thelr dlfferen—-
tiation. Genetically male germ cells can deveIOp into oco-
Cytes if situated in the-cortex of sei iverted gonads
(Wolff.ahd'Ginglinger, 1535: WOiff, 1936; Haffen, 1965).
Similarly, genetically female germ cells, develop into
spermatogonia if‘Iocatéd-in the medulla of the masculini-
zed riqht'goniﬁs in femalée pullets to which the left ovary
~has been removed (Domm, 1927). The above mentioned facts
indicate that the d%gferentiétion of germ cells towards
spermatoqoh}Q or ooéonia depends oﬁ the influence of the

" tissues that surround them.

b) Stervid producing cells : The experiments by Mintz and

Wolff (1952, 1954) indicated that estrogenlc secretlon was

na

localized in the medullarv zone. of .the ovaries. Hlstoche-
mlcalftechnlques for llplds'(gCHEIb 1959; Narbaitz and
Sabatini, 1963a b) coqftrmed this by locallzlqg the lipid
';{ch lnterqtltlal dgils. These results were also confirmed
by Narbaitz and Kolodny (1964) and Chieffi et al. {1964)
using a histochemicél technique for 3- p-pydroxysteroid
dehvdrogenase., The elecirohmicrdécopical ;haraCteristics“
of'steroid producing'cells in the chick embryonic gonad '
were later analyzed by Narbaitz and Adler (1966%). These

- authors confirmed that the estrogen producing cells in

the ovary are formed from the primary sex cords.

24
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c) The: seminiferous cord cells :.Histochémical (Scheib and-
)Haffen, 1968, 1969) and electronmiéroscopical (Narbaitz agd
AQler, 1966a; Scheib, 1970f findings tend to indicate that
tﬁe cells forming the seminiferous cords in the newly dif- -
ferentiated embrvonic testis have stero;ﬁ secreting charac-
teristics. On this basis, Scheib {1970) has insisted in
Benoit's (1923, 1929) idea in the sense that some of these’
cells migrate to form the interstitial or Levdig cells. Nar-
baitz ana Adler (1966a) consider that there is not enough

proof to warrant this idea. -

am

It is only during sexual maturation that the ‘cord

cells will transform into‘Sertoli. cells. ' \
, . \

4

-.

d) The epithelial cells of the cortex or 'pre-follicular':

'Sﬁlli : The youngest germinal epithelium studied at the
ultrastructural level is from a 32-35 somite (at the begin-
ning of the third day) embryo (Cﬁminge and Dubois, 1969%a,b).

. According to these authors the epithelium at this age has
a syncvtial aspect since distinct plasma membranes'are pre-
sent only at the apical poles of the cells, the bésa; por=
tions being represented in ; fragmentary manner (Cﬁmingg
and Dubois, 1971).
A regular basement membrane is, however, present
in the four day gonads (Cuminge ;nd Dubéis, 1971). On the

third and ﬁhe fourth day short bleb-like cytoplasmic pro-

jecfions arise from the germinal epithelium (De Simone-



26

Santoro, 1969). Cuminge .and Dubois (1969, 1971) ‘termed
these structures ‘boursguflures’ and-élaimed that théy
represent a seéretory process from éhe.gerﬁinal'epithe—
lium and that this secretion plays & role in the'chemo;
- tactic attraction of the germ cells towards the gonadal
area. These short projections or 'boursouflures' aisap-
foear at about the sixth day of 1ncubatlon (De SlmOQ?-

. Santoro, 1969; Cuminge and Dubois, 1969)

‘Stﬁdies.on the cyvtology of the pre—follicular cells
after hatching.are available (breenfield, 1966; Narbaitz,
1971). These studies have shown that several cvtological
charécteristics of the mature follicular cells such as the

-

dense cvtoplasm and the production of 'lining bodies' are

alreaéy present before the formation of fol%icles which u-
sually begins four davs after hatching (Greenfield, 1966).

-

A gép in our knowlédée on pre-~follicular cell differentia-
'tlon exists since no- study is avallable brld;::;\;hg\ges-
crlntlons of Cumlnge and Duboxs (1969a b 15971) which rea-
ched the age of six davs of incubation and those of Green-
field (1966) and Narbaitz (1971) which begln with. the newly

hatched chicks. " »



MATERTIAL AND METHODS -

7

1. ANIMALS USED

a) Turtle : Seven female turtles of the species

Pseudemvs scripta elegans-ﬁith a éarapaée length of 7"-8"
were used in the present study. The animals were obtained
from‘é comme;cial source and had been originally collected
from the field in early spring. They weEe‘killed by_deca—
pitation as soon_as.they reached the laboratory. Tﬁe plas—
tron was sawed off,: thus exposxng the viscera. Both ovaries
uere dlssected out and=1mmersed in the flxatlve.
b) Echldna : Two adult females. of the species

Tachvglossus aculeatus, each welghlng approx;matelv 3.5

"kilograms, wer'e used. The animals were obtained at Monash -

University, Australia, in December. The ovaries of the e~

chidnas were f£ixed bv perﬁu51on and were shipped by air

mail to this- laboratory.

v

¢) Chick embrvos : Eggs from white Leghorn hens

were obtained ﬁrom a commercial source. The eggs were in-
-.cubated at 38 C and 60% relative humidity in a forced air
incubator. The embryos were.dissected 6n 4th, Sth, Sph,
7th, 8th, 10th, 12th and l4th day of incubation. The undif-
ferentiated gonads, ovaries_an@ tegtis from ;he left and
the right sides of the embryos were fixed Separaéeiy and

at least ten embryos from each group were used. No effort
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fwas‘made to establish the sex of gonads from embtyos.six

davs old or younger.

d) Post—hatched chicks : Left ovaries from newly

hatched white Leghorn chlcks were used for exnerlments in-
volving organotvplc culture. ) N -~

e) Hens : Ovaries from three month old white Le-

ghorn hens were fixed for. ultrastructural study and ribo- = -
nuclease digestion. experiments.
NG
[}

2. TECHNIQUES FOR ELECTRON MICROSCOPY : N

~

-+ a) Fiwxation :'The tissues were fixed in Karnovs-

lows : Two grams of oarafqrmaldelvde were dissolved 1n

-
LIS

kv's fixative (Karnovskv,,,\1965) which was Drepared as fol- \
A

25 ml of distilled watef“bv heatlng it to 60- 70’C with

f
constant stirring. One or two drops of IN NaOH were added

f
until the solutlon clearpd The solution was then cooled

and 5 ml of 50% glutara{dehvde were added and flnally the
volume made uptS‘SO ml éy adding 0.2M phosphate buffer at <
pH 7.4. The flxatlve was diluted to one half strength with .-
0.1M phosphate. buffer. |

Whole ovaries of the turtle, hen and the echidna

were immersed in the f#xatiqe immediately after dissection.

The individual folliclés were then dissected out and immer-

b
1

sed in the fresh fixative. While the gonads from younger
: s
chick embryos were fixed as a whole; those from embryos 8
[ '
|

S | i
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days of age or older were cut into small pieces prior to

‘fiig;ionr The fixation was carried out at °c for 6-24

hours. The tissues were washed overnlght in 0 1M phosohate-

buffer containing 0.2 M sucrose and post-flxed in l% solu—
tion of osmium tetroxide in 0. 1 M phosphate buffer at 4°c.

b) Dehvdratlon and Embeddzng : Dehydration was

carried out in graded ethanol and in propvlene ox1de. The

duration of time in each grade is llsced below :

29

30%, 50%, 70% and 90% ethanol 10 minutes each
Absolute ethanol 3 changes of 15 mts. each
Propvlene oxide - | - 3 changes of 10 mts. each

The tlssues were then transferred to a 1: l mixture
of propvlene oxide and araldrte. Araldlte was used as the
eﬁbedding medium and was prepared according to the following

formula obtained,from_Coulter (1967) :

. o ’
Araldite resin 502 o . 20 grams

'JDodecenfl succinic anhydride (DDSA) 13.6 grams -
Tri (Dimethyl aminoMethyl) Phenol DMP-30" 0.46 ml

The tissues were transferred to the above plastic
mixture for 24 hours for imperaonation of the plasticc Fresh
-plastic was érepared the next day and pouredfiuto gelatin
capsules which,had been ureviouslv dried. The tissues were
then transferred from the speczmen tubes .to the capsules.
The oolvmerlzatlon of the plastlc was carried out by pla-

cing the capsules in an oven at 35°C c, 4s5°c, 60’ C and 80° C



‘Progressively. Capsules were kept at each temperature for

12-24 hours witil sufficiently hard.

B
i

¢) Sectionning : Thick and thin sections were cut
using an LXB Ultratome-III. One micrdnhthick secﬁion were
obtained for orientation. Thin sections ranging from 600~

. 850 R were cut using both the glasé as well as the diamond

knives.

Cooper grids with 100, 150 and zop_meshes were

. ' ' (SR
used to pick up the sections. The sections, while still in

the trough of the cutting knife, were stretched with xv-

o

lene vapours.

LN n

4d) Staining : One micron tbick sections were stai-

ned with a 0.5% solution of toluidine blue in 1% sodium

borate.

The thin seééions were sta;ngd, first, with_a sa-
turated solution of uranvl acetate iﬁ 50% ethanol, for.30-
40 minutes at room temperature. The staining wéé carried
“out by floating Fhe grids on gﬁgﬂ§§§iéing solution; the.
sectioﬁ side of the grid facing the solution. Tﬁe'sections
were washed by rinsing the grids in several cﬂanges of di?—

P

tilled water.

In a second step the sections were stained with

30

a solution of lead citrate (Reynolds, 1963). Lead citra;eﬁﬂ‘

was prepared by mixing 1.33 gms of lead nitrate and 1.76

gms of sodium citrate in 30 ml of distilled water; the
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contents were shook 'vigourously for one minute and allowed

to stand for 30 minutes with Lntermlttent shaknng Elght ml

!
-of IN NaOH were then added and volume made upto 50 ml by

adding distilled water. The stain was diluted 1:25 times
with distilled water. o
-, . . S
The thin sections were stained for varving periods
from 5-12 minutes, washed in distilled water, dried and

studied with Philips EM 300 electron microscépe.

3. ENZYME DIGESTION EXPERIMENTS T

a) Ribonuclease diéestion;'For RNAse digestion
expef'imengzf pieces of left ovaries from 3 month old hens
were fixed either in Kérnovsky's fixative‘as‘desciibed pre-
viously or in 2.5% glutaraldehvde prepared-in 0.1 M phos-
phate buffer. In either case thé-fixatibn was carried out
For 6 ‘hours at 4’ C and the tissues were then washed with

0.1 H phosphate buffer for 24 hours.

The tissues were embedded in glycol methacrylate

e

(a water soluble plastic) accordlng to the procedure re-

comnended by Leduc and Bernhard (1967) . Thus, no post-fix-
ation in osmium teroxide was done in this case. After was-
hing, the tissues were dehydrated as follows :

i. 80% GMA mqnomer‘(z-hydroxymetﬁyi methacrylate)

31

-

and 20% distilled water ' 20 mts.

ii. 97% GMA plus 3% dlstllled water _ - '207mts.

iii. Unprepolymerized embeddlng mixture 20 mts.

\.
L
Dy,
~

-



-

The embeddlng mixture was prepared as follows ‘
97% GMA plus 3% dlstllled water . 7 parts
2% Lumerco in-butylmethachrylate ’ ) 3 parts

Before émbedding, this mixtu:e-was“partiallf poly--
merized by heating over an open Bugsen burner flame with
constant stirring till it became viscous. Impregnation was
carried ou; for 24 hours in the pre-polymer. The tissueé
were then transfefred to prgyiously dried gelatin capsules
and filled with the. plastic.

| The_ﬁinéi polymerization was done by using ultta-
violet light from an ordinary sun 1émp. The plastic was

sufficiently hard after 24 hours.

Thin sections were transferred from the ﬁrough of
the cutting knifée to small dishes for incubation with ri-
bonuclease. Crystalline ribonucleaseé (type I-A, protease
free, Slgma) was ‘dissolved at a concentratlon of 1 mg/ml
in dlstllled water, adjusted to pH 6 8 with 0.IN NaOH gpd
incubated for 2-6 hours at 37°C. Control sections were in-
cubated for the sdme period in distilled water alone. Car~
bon-coated grids were used to pick up thin sections. The
thin sections were stained in a 'similar manner as described

previously.

b) Amvlase digestion : Pieces of turtle ovaries were

fixed in half strength of Karnovsky's fixative and washed

with sucrose buffer. The tissues were then frozen and sec-
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tioned with a cryostat. The lGu thlck sectlons thus ob-
tained were treated w1th 0.1% amylase (Sigma type III-A
—amvlase) in 0.02M phosphate buffer {pH 6) for 2 hours at
-37°C. Control sections,were incubated in-buffer alone. Trea-
ted Mhg control sections were then washed in the phosphate
buffer and post-fixed in 1% osmium tetrox1de for 2 hours.

-

The dehvdration and embedding in Araldite was done as des~

cribed before.

4. ORGAN CULTURE TECHNIQUES :

Newly hatched white Leghorn chicks were used in
these experiments. Left ovaries were carefully dissected

out and immersed in Hank's balanced‘sa;t selution.The ova-

ries were then cut into small pieces not larger than ons
cubic millimeter and care was ta?ﬁﬁ,to include significant
A

portions of the cortex in each explant. The explants were

cultured on 2 solid medium whlch was preoared as follows :

Medlum T. C 199 with Hank's base 2X conc. Sml
Agar 2% in bidistilled water -~ 5 ml
Penicillin . . ) 500 ‘units

The contents of the medium were mixed with melted
agaf'and transferred to the‘sterile plastic culturetdishes
(obtained froﬁ GIBCO). The medium was allowed to solidify
and explants were then transferred to the cﬁlture dishes.
The incubation was carried out at 38°C for § and 10 days.

The ex?}ﬁgts when kept longer than 5 days were transferred \\\\\\ ;

ey
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to fresh media. The cultured explants were flxed in Kar-

novsky s flxatlve and processed for electron mlcroscoplcal
-

-

study as described before. -

-

5. ESTRADIOL INJECTIONS :

e
T

White Leghorn chick embrvos‘Were used 1in these
dexoerlments. The ‘eggs were injected at 48 and 96 hours of
1ncu5;t};n into their air_chamber with a 51ng1e injection
of 0.1 mg estradiol pro?ionate in oil solution (CIBA). For
.this purpose,. a small hgle was made in_the air chamber and
after the injection, the hole waslclbéga‘with scoth tape
to prevent the loss of moisture from the embrvo during in-
cubatioﬁ; In the eggs, used as controls; a similar hole was
“made and sealed. | |

The embryos which had received injection on the
second day of incubation were sacrificed on 4th and Sth day;
whlle t*cse injected on the fourth day, were sacrificed on
6th, StH 10th, 12th and l4th day of incubation. Left and
right gonads from all ages weré fixed separately and pro-.
cessed for ultrastru;tﬁral stﬁdies. Gonads from at least
10 embryos'were fixéd from.bJ%h~the experimen%al and“the

control groups at each age.
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PART-I COMPARATTIVE 'ST'U\DIES

A~ ULTRASTRUCTURF OF THE QﬁpWING FOLLICLES OF THE TURTLE

-

PSEUDFMYS SCRIPTA. ELEGANS
' Numerous follrcles of various sizes up to 10 mm
in diameter were present in all the ovariés examined. The °
1arg9 follicles protruded from thé surface of the ovary
or even hung from short stalks. The examlnatlon of thick

sacﬁlons rcvealed that in addition to the numerous small

~ e
- -

follicles, the ovaries contalned a large number of germ
cells. Only one layver of follicular cells was present in

. all follicles o§ differént sizes; thqlr shape and charac-
teristics and the width and prqan;zation of thé perivitel-
line Space‘gﬁried according to the size of the goilicle.

In order to.facilitate the deécription of submi&roscopical
details, the follicles‘were divided into four groups accor-
‘ding_to théir diamerer. When measuring the éiameter of each
forfiéle bérh the oocyte and the"féllicular envelope were
includeda All measurements wérg approximate. -

. . ~
l1- Follicles 50-400u in diameter:

In the follicles at this stage the folllcular envel-

ope was constltuted by a layer of flattened folllcular cells
(Fig. 1). The plasma membrane of these cells lied close to
tﬁat of oocytes and was separated by intercellular space

150 X wide (Figs. 2 ana 3) . True desmosomes were never

——
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observgd between folliculgr cells'and oocytes although
at certain places the plasma membranes of boﬁh-éells were -
closely apposed. Occasionally thickéninqs of the plasma
membranes of follicular cells wefe.obsérvéd (Fig. 2). Des-
»
mosomes were, however, found ]01nlng adjacent follicular
cells at this as well as at later stages (FLq- 4). <
A deflnlte perivitelline space was absent at this
stage. Microvilli were not ﬁsually present although iso-
lated patches of them could be‘observcd:in the largest
follicles of this gfoun (sece arrows in Piq. 3[.f
The follicular epithelium rested upon a thick
basement membrane separating it from the cells of the
‘theca in;erna. The follicular cells contained elongated T ‘!.
nuclei oriented parallel to the basement membrane; few
mif&chdﬁéria, well developéd Golgi complexes-and few
p;dfiles of endoplasmic réticulum were also observed
,(Eig. 3). Fine microfilaments with a appgoximate diame;er
of 90 # were distributed throughout' the cytoplasm. Very
_dense granules morphologically similar to those which -
arc characteristic of qucogenAa—parﬁibles were found all
‘over the cytoplasm of both the follicular cells and the
oocytes (Fig. 3)}. Similar granules could also be observed
in the theca interna célls aﬁd the endothelial cells of

blood ‘capillaries.

2-‘Follicles 0.5-1 mm in diameter:



o

The most 1mnortant change w1th reSDec to the folllcles

~in the preceding qroup was the appearafice ofia perivi-

telllne‘space (Fig. :4) . This space’ started to appear et,//

the junctions of the follicular cells arfd later became

continuous thus surtounding the whole oocyte. The space
foo _ N, - . .
. Was occupied by numerous short microvilli originatinag

both from the oocvte and the folllcular cells (Flg. 45

Folllcular cells at this staqe contained large amounts
.of glycogen-like granules;‘Mitochondria were also mére
numerous and haq a very dense matrix; an increase of'the
rouah endoplasnic reticulum was usually observed.

Numerous glycoqen-like granules were now found
N

ree in the oer1v1telllne*space among the m1crov1lll

-

s
(?la 4) . .These granules appeared to orrglnate in the

-

af

follicular cells ané to reach the pverivitelline space bf

a process of apocrine-like secretlon: the qranules con—j
tained in a membranous structure of the follicular cells_
were pinched of“F ‘and released 1nto the perzvztelllne

.space (Fig. 5). Secreted portions of the cytoplasm appeared

. to release the dense grahﬁles and then remained for so-

metime in the’perivitellihe space (See arrcw in Fig. 4).

Other elements constantly fournd- in the perivitel-

’

line space were horsc~5hoe shaped orga elles'constituted

by twe thick membranes separated by ar ial of lesser




forming pert of the olesna memoranes.of_ene folliéular
cells, became secondarily detachedffrom them-and‘ac- _
quiring an annular shape, remalned free in the per1v1-
telllne space (Fig. 7). The name 'transosomes' applledh
?O organelles found to be secreted by follicular cells
in bird ovarles-(Press, l964; Bellairs;.1965) appears
edequate.toadesiqnate these struotureé. Free rransosomeé
were fairlugpniform in size (0.Q9=0,13p). In many cases
hoth the clvcocen-like granules and the rransosomes were

oresent in tne aeveloolnq volk granules in the perxpheral

cxtoolasn oF .the oocvte (Fias. 8 and 9).

3- Follicles 1.5-4.5 mm in diameter:

, ] At this stage the follicular cells as well as the
perivitelline space reachedktheir naximum'size. The.fol-_
‘licular cells were cuboidal or low columnar in shape
(Fig. 10). The nucle1 also Hecame more rounded in shape
.although lndented. Some Flear cells started to appear
in the follicular envelope and could be distinguished both
with the optical (Fig. 1ll) and the elecrron microscoée
(Fig. 12).The cytoplasmic characteristics of these folf
licular cells appeered to be similar to those of regular
folliculer cells. The only apparent aifferencerbeinq the
lower density of their cytoplasmic matrix.
The width of the perivitelline space increased

from 31 in the smaller follicles of this group to 21¥ in

38
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. the large ones.

Thi$ increase in width was due in part to the
arowth and branchlng of the m1crov1lll and in part to the
accumulatlon of the materlal of the zona pelluc;da '
(qus. 10 and 13). In the smaller follicles of this group

y =

the thlck cytoplasmic processes from the follicular cells R
branched to form microvilli; some of them reached the oo-
cvte (F{e.'lO).‘In the larger” follicles, however while

the mxcrov1111 from the Folllcular cells grew very little,
those arlslnq from the cocyte branched profusely and

became cLosely packed (Fia.l3). The stems of these micro-
villi contained fine.microfilameﬁts ending in the peri-

pheral'cytoplasm of the oocyte. Both the microvillar stems

and the peripheral zones.of the cytoplasm of the ococvte

were full of pinocvtic vesicles (Fig. lf)u

The zona pellucida began to be formed in 1.5 mm
follicles:; and appeared as a filamentous material. This
material was first deposited among the microvilli, eepe?
cially in the. outer zone near the follicular cells (Fig. 10).
As the follicles qreQ, the amount of filamentous material
increased untill it constituted a very thick layer. Small
amnounts of the same type ;% material were founa in the

superficial layer of the oocyte (Fig. 10).

PO R TR0 TR s

Figure 11 shows a photomicrograph of a portion
of a 3 mm follicle. The layers separating the oocyte from N

L
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Ehe‘follicular cells correspond to those descrlbed by
Thing (1918). The electronmlcroscoplcal study has shown
~ that: 1- the outer zone (a in Figs. 11 a;d 13} is
‘mainly represented by accumulations of the filamentous
material. (Fig. 14); 2- the darker intermediaﬁe zone
(b ih.Figs, 11 and 13) corresponds‘to the numerous rami-
fications of the ococvte microvilli and contains also
fllamentous material and 'transosomas (Plg- 15); 3~ the
clear zone immediately surroundlng the oocvte
' (c-ln Figs. 11 and 13) corresponds to the st;ms of the
microvilli arising from the ococyte (Fig. 16). Glvcogen-
like granules were no longer observed io tﬁe perivitel~
line space at this stage.

4- Follicles more than 5 mm in diameter:

At this stage the oocytes appeared to grow at a

- =~

much quicker pace than the enveloping structures and as

a result of this the folliculér cells appeared each time
flatter (Fig. 17) and the perivitelline space became very
much reduced in height (only 3 A in 10 mm follicles).

In the Slmm follicles ramifications of the odcfte
.miorovilli ;ere extremely reduced, alﬁhough‘microvillq}
stems"were still present (Fig. 18). The périphéral cyto~
plasm of the oocvtes was full of pinocytotic vesicles and

few scattered glycogen-like granules (Fig. 19). The outer

zone of the perivitelline space was devoid of any microvilli
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and was occupied by the zona pellucida material (Fig. 18).

As developmeﬁt proqressed the'hiErovilli were
fewer and smaller. In the 10 mm folllcles, the mlcrov1111
were reoresented by sma%l projections only (Fig. 20). The
ococyte at this stage was\full with volk granules aﬁd the
cytoplasmic.organelles wé@e regtricted to a thin rim of
cvtoplasm towerds the per%vitei;ine'space.

The follicular eel%s, however, coniinged to show
signs of synthetic activit&h the rough endoplasmic reti-
culum was abundant, the Gclg@ complex was very extended
and glycogen-like granules were alwavs present in large

|

amounts (Fig. 20) "At this sﬂage,'the follicular cells
R .
were not apposed so ¢losely and the 1ntercellular spaces

between them were larger and a continuous Dassage apneared

I
>

from the basement membrane to‘the per1v1telllne space.

o

The desmosomes or tight junctions were’abgent at these 3

locations (Fig. 20).

Diastase-treated tissues :

When sections from material treated with

aﬂvlase before embeddlng were examlned it was found that
i
the dense granules Drev10usly identified as glycogen-like,
f.
'n‘

had completely d;sappeared‘both from the follicular cells
and the‘oocvtes (Fiéﬁ 21),/ehptv spaces appeared in the\

places originally occuplef by‘them (Arrows in Fig. 21).
t

In the follicular cells,/due. to the extraction of the
t ! L .

glycogen granules, thef istribution of microfilaments



42

in the .Cytoplasm is clearly;shown ln Flgure 21. The gly-
.

cogen granules were’ always present in. the sections from

.control material 1ncubated in buffer alone (Fig. 22).

s




L

i)

43

FRE

Fig. 1. Follicle 0.4 mm in diameter. A single laver of fol-
" Ascular cells (F) surrounds the cocyte (O). T theca.
X 606.'
Fig. 2. Thickenings of the plasma membrane of a folliéular
. cell (F) are shown at arrows. Q ococyte. X 51000.
Fig. 3. Same follicle as in Piq; 1. Mi?rovilli are pre-
sent only in isolated patches (arrows). BM base-

ment membrane, 6o Golqi complex, Gl glycogen-like

granules, 0 oocvte, E.theca- X 15000.
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Follicle 0.5 mm in diameter. Glyéogen—like gra-
nules are seen in the perivitelline space (PS).

The arrow is indicating a membranous structure

. brobably originated bv an apocrine type of secre-

. : . /.
tion. BM basement membrane, D desmosome, Q ooCcy -

te. X 14000.






45

i‘\ ' i f—- ) . .
L
3
Fig. 5. Follicle 0.5 mm in diameter. At two sites (arrow- '
heads) portions of follicular cell (F) appear to
be pinching off. PS perivitelline space. X 26000.
Fig. 6. Same follicle. Transosomes (arrows) can be seen
’,’? arising from the follicular cell (F) or free in

the perivitelline space. ¥ 80000..

i) : v -
. . ) N
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A

Fid..?. Pbrtioﬁ of another foll;cle in staqc“2 is shown.
Numerous free fransosomes can e observed in the
perivitglline space. Two of these organélles (ar-
rows) can he scen arising at thclfolliculaf_cell
(F} plasma membrane. BM basement membrané, o oco-

cyte. X 27000.

ﬂ‘ -

.Fig. 8. Shows a transosome (arrow) incorporated into a
vesicle in the oocyte. X 51000.
Fig. 9. Shows a transosome (arrow) incorporated into a

volk granule. X 53000.
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Fig.

10.

L

Follicle 1.5 mm in diameter. Filamentous material
(arrows) has started to apoear. Transosomes (ar-
rowheads) can also be seen in the perivitelline

space. BM basement membrane, o Oocvte, T theca.X

\
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Fia.

11.

Follicle 3 mm in diameter. Park and clear cells

as well as different zones 'in thée space separa-

.’

ting the follicular cells (F} from the oocyte SO)

are shown. Areas marked a, b and ¢ correspond to

similarly marked regions in Fig. 13. T theca. X

600. 3
?.f . . - - -

Dark and clear follic¥lar cells-are shown, BM
basement membrane, o cvte. X 9500. ‘

T s '

o
- - T T
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t

Fig. 13. Same follicle as in Fig. 1l. Areas a, b and ¢
correspond to areas similarly marked in Fig. 11 -

and to the areas showvn, resmectively, in Figs.

14, 15 and 16. B84 basement membrane, F follicu-

-~a

lar cell, o oocyte, T theca. X 6000.

~
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Pig. 1l4. Higher magnification of the zone 2 in Fig. 13.

It shows the presence of a filamentous material.

X 25090. .

Fig. 15. ﬁiqher magnifitation.of the zone b in Fig. 13.
%icfovilli, filamentous ﬁaterial and transosomes

. (arrows)'can be seen. X 20000. h

Fig. 16. Higher magnification of the zone C in Fig. -13.

Stems .0f oocvté microvilli full of coated vesi-

clas are shown. X 32000.

b
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Fig.

17.

18.

Follicle 5 mm in diameter. -Follicular cells (F)
have decxeased in height than the previous étg-‘
ge. Yolk ,raﬂules can 5e seen in tﬁe cocyte (o).
T theca. X\600. . ! _ T
Same follicle. Microvilli have decreased consi-
derably as cqmpared to §maller follicles as' shown
in Fig. 13. BM\basement mémbrane, F follicular

cell; 9 oocyte, theca. X 8200.
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Fig. 19.
Fig. 20.
RN »

4
4

Portion of a oocyte from a 5 mm follicle. Large

[
numbers of coated vesicles are shown. X 25000.
Follicle 10 mm in diameter. A large space can be

seen between adjacent follicular cells (F) with

no tight junctions. The perivitelline space has

A Y

decreased considerably. Very few microvilli are

seen arising from the oocyte- (0}. BM basement o

hembrane. X 200003

.
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Fig.

rig.

21,

22.

Follicle in stage 3. After 2 hours 0f treatment

with amylase all the glvcogen-tike granules'

have-diéappearedlizjﬁ‘pnptv spaces at _arrowhe-
ads). 0 ootyte. ¥725000. N : - '

Follicle in stage 3. Control section. incubated
in buffer alone. Glycogen-lik~ granules are

:

well preserved. X 25900.

g






8- ULTRASTRUGTURE OF THE GROWING FOLLYCLES OF. THE ECHIDNA,

© PACHYGLOSSUS ACULEATUS.

Boph the léft and the right ovariés from the

”

~chitna had follicles of various sizes ﬁﬁanginq from less

than 50, to about 2.5 in diameter. Whereas the smaller

“nllicles were embedded in the ovarian cortex, the lar -

/ oo )
Tor o anns were prominent at the surface of the ovary and

arttached to it by short stalks,

The description bf various follicles has been
4ivided into four groups an the basis of characteristic
l:ia:coa occu:iﬁd at éach-stage. | o ﬁﬁ?

icles 50-100y in diameter:

» .. : i
The follicles of this category were observed in

sreuns in the ovarian corf@&: some of them were located

in-<ho connective tissue laver surrounding the larger

fnllicles. In the smaller follicles the oocyte nucleus

.

w35 rounded and centrally located (Fig. 23): it became

uwaid and’ eccentrically ' placed and came to lie near the

Follicularjenvelope in the .larger follicles of this group
_ | o )
fFies, 24 an%/sg\.
) ¢ N ~ ‘ -

The §8F3t5§\at.this stage were surrounded by a

sintle laver of flat fdilicular,cells.which were very

-

rlonaaced (Figs. 24 and 25). The follicular cells rested

mick basement membrane which often appeared wavy
~

.

iz, 26) and separated them from the cells of the theca.

< p—rp

o emw

. . ’ .
et e b+ n e Re S e o o L EL ol
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clycocen (Fic. 26).

Thal tallicular celis icker i |

PR . I BN Sa-P BN LS e . " - 1 3
e JRTe §b1Cncr 1n the middle rportion
wihere the nucleus  vas ‘ ]

1 [pPa] A - T f'r-‘ . Y
Aocated and taprred towards- the

ends Liioininag the aﬁ'a o 7 s 3
| ‘ ; jacent cells (Fig. 25} Jaglnatlons

D I § o . LX T -
CF iac cocyte cvtenlasm towards tﬁﬁ ’nllzcular cells were

requentle obgercod and

ore usuallw located at thu junc-

L iome: £ oF 1 - =3
ions of fal Lcn‘hr cclls (Fig. 25).The plasma membranes .

i‘

Toehy St e :\ ] ) R R
(@2 role OC;;_ ERE R L thQ folllculhr cﬁlls werc ln dlrect »

FENARItIon with eich other and tight junctions were opre-

Semt (Arroie im Wi ie ey . ‘ '
{ r 1n Mid. 28); no true desmosomes were observed

i

. . .
Connvoting -t

Zoth cell tvpes. Desmosomes were, however,
S S SN : .1
chearsed dcidina folléﬁylar cells berween themselves. Both
W . Perie 4192 N
the pori=ticallina srace and the zona pellucida were ab-~
The ¢ q ated nuclei of tbe follicular cells had

T - — J ) N
cl.,:‘,_w.w cf chrcmat&nf attached to the nuclear membrane.

Tl e e - 3 i -
el cvteplasm contalned small Golgi complexes, profiles

-

e)
vy
7

nd

O

p]?S"C reticulum and few wltéchondrial Distri-

tr
(:

D
p]
Qu
rt
'l'

rcughout the cvtoplasm were fine microfilaments

[$ 7

-
M

.

4]

nurerous dark ‘cranules morphelogically similar to

7 the larcer follicles of this oroup the folli-

-

cualar cells kgecame low cuboidal ané the plasma membranes
0% these cells interdiacitated with that of the oocvtes’
27). Same of ‘the processes of the follicular cells .

in the form of microvilli penetrated deen into the

4 | (
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cunorficial cvtoplasm of the oocyte.

Soecialized structures were observed in the su-

“ampfinial layers of cytoplasm of the oocytes from larger

fA1licles of this croup. ™ese were rounded or ovoid struc-
crns hounded by a unit membrane and ranged in size from

-2 in diamnteri, Nne af these structures is shown in

oiyown 27 im can he seen that a unit membrane surrounds

ot

omitae wf irreaularly arranced fibrils 150-200 ¥ in
tiymaear,. Tn _the following description ghese structures

L1l ba referrad tO 23S reiprillar hodies'.
oS .

im1mg 110-300. .in diameter:

~~aracteristic change occurring in the follicles

.. =mi= e=aze was the appearancé of the material of zona

oo llusida tevween the follicular epithelium and the oocytel

‘miz, 28). This material appeared for the first time in

170, fmallicles  and seemea ro be laid down in small ‘pat-

]
n
X
v
1

i~. 28). In larger follicles it formed a conti-
-:m:e laver -separating the oocyte ¢érom the follicular

ium (Fims. 29 and 30). . .
mnp above mentioned material appeared as filamen-
~&z or énorphous ~and was fraversed by micfovilli hoth
fro- the follicular cells and the oocvte {Fiq- 29) . Large
T?toglasnic srocesses of the follicular cells which-pen€-

~ratad the zona péllucida.,branghed and._contacted with

“=n oocvte plasma membrane. Figure 29 shows such a contact

Y
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in a 150u <£ollicle. These contacts were not observed in

.

1arcer follicles although microvilli were even more ex-

tongLve.

. The width of the zona pellucida increased from

-

. 5 "if 0.25 rm follicles to 18-20 in 0.5 mm follicles.

m~he follicular cells became at this stage cuboi-

i1l or low columnar (Figs. 31 and 32), their nuclei were

~

~rnid and ‘there was ‘an apparent increase in the number

e

ochondria and rouch endoplasmic reticulum (Fig. 32).

-

~he perivitelline space appeared only in the lar-

'S
H

o}

b1

.1izles of this aroup and was confined to the Vi-

‘ . . Y :
sinis=w of the oocvte (Fig. 33), the material of the zZona

...l1.ri4a beine in direct contact with the plasma mem-.
s eamms ¢ ehe” follicular cells. (Fig. 32). The micro-

- Kl

.tvs arisinz from the follicular cells were fewer and

o

nT e lcnqe:'than thése of'the oocvte (Figs. 32 and
E‘; Thae odc?te microvilli were panusély branched and
~raiv ‘roe enés were embedded in tge material of the.
edotoli peilucida(?ié. 13). The striate laver described by'
;.7:n an% H;li {1939) at the optical microscope level
.ant reoresented bv.s:l. in figure 31. ; '
The fibrillar.bodies describeé in the preceeding

4

= wilve now. more numetous and formed a layer in the
noreical portion of the oocyte. {Fig. 31) .  These struc-

snamed to contribute to the formation of yoﬁk gran-

?igure'ﬁd shows several of these structures in the

Vd
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srocess of being incorporated into volk granules.

"3- Follicles 0.5-1.5 mm in diémeter:'

In the smaller follicles of this stage the zona
lucida attained its maximum width of about 22-25 W
i, 35):-this width sfarted-io_diﬁinish in folliclés
11:59: than 1 mm in diameter. The follicular cells retai-

oir cuboidal or columnar aspecf throughout this

i-agA. Due to an increase in the number of follicular
7 : , : .
~-1ls, ¢n~ follicular epithelium became two layered

_in =ertain areas- (Fig. 36) and reached its maximum height

-

The submicroscopical characteristics of the £~

: i’ A~ .
.11r 2~nlls were similar to those found in the prece-

3 d

1
Iy
)
it
¢}
0
D
e
Y

Fic. 37). In aédition, two types of micro-
. c . .

+illi of follicular cell origiﬁ were observed; the <€irst

- ne was represented by long microvilli with contepts

ilar to the rest of the cytopiasm (Fig. 38) and the

=etand tvope by shorter Drocesses which were thick mi-

crofilaments (Fig. 39). The abundance of microvilli of

1

f-1licular cell origin is well demonstrated in figure -

3¢, The microvilli arising from the,oocytes*were\?lways

sminnar and more numerous than those of follicular cells

| ind were confined to the striate layer only (Fig. 40).

—

~e mumber of oocyte microvilli started to decrease in

U

-

*
i

larcar follicles. where the perivitelline space had

-‘ 59
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jsappearad ahd the zona pellucida occupied the entire

snace between the follicular cells and the oocyte (Fig.

21

»
Y

another interesting characteristic was the ap-
.=~ o0¢ tubular elements in the superficial cyto-
~1asm A¢ the oocvtes from follicles larger than 1 mm in
Aiameser (Fia. 41)i These tubular structures were about
n.35 . in diameter and their bulbous ends were about
. 38 p in diameter. The§ were found associated either
with pinocytetic vesicles or volk granules.

‘ An active process of éinocytosis was always ob-

saread

lar hodies were. not obsefved at this or later stages.

-
- -

'. -
"

)

'_l

ol

.
-

es 1.5-2.5 mm in dlameter:

2]
rh

cor reaching a maximum height the follicular

4

o

{3

A}

t2
(5]
a3

dn

the largest follicles_of this group the folli-

cilar. cells were reduced to a width of 3 u and the zona

9]

Nl

1.
L‘-—C

P
1

ShOw

O

rough ﬂ“donlasﬂlc reticulum and mitochondria (Fig: 43) -

The number of ﬂleOV i11i arising both from the

angyte and tﬁe ‘olllcular cells was greatly reduced

{7ic. 43) and they were never observed traversing the

whole width of the zona pellucida as in carlier stages.

>~

iemalium started to become flatter at this stage (Fig.

at the ‘plasma membrane of the oocvies. The fibril-

- Ll N
& sicgns of activity and were rich in Golgi complexes,

59.

da té 2 p . The follicular cells, however, still ¢

-
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mefn invaginations of the oocyte plasma membrane with

-ainocyto:ic vesicles were still observed (Fig. 43).

P
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Tig.

Fig.

23,

Folli?le 50 microns in diameter. Follicular ce-
. ) , -
11ls {F) are flat with elongated rticlei. Oocyte

nucleds IN).-is spherical and centrally located.

h Q-nucleolus. X 600.

- 24.

. - .
Follicle 100 microns in diameter. The bocyte

ngcieus () has lost its spherical form and is
eccentricallyAlocatéd.‘g follicular cells. X 1500.
éame'éolliéié es in Fig. 24. Aﬁ'evaqinaﬁion (arr-
ow) of the oocvte (0) cytoplasm is shown. i
follicular cell, N nucleus, n nuclqglus, T

| , | b
theca. X 12900. ' .
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Follicle in stage 1. Elongated follicular cell

e

(F) with a wavy basement membrane (BM) is sho-

wn. A tight junction can also be .observed at

the arrow. Go Golgi complex, O oocyte, T theca.

X 21000.

Follicle 8Q microns in .diameter. Interdigitations

of the plasma membranes of the follicular cell

(F) and #e ococvte (0) are shown. A fibrillar

body can be seen in the oocvte. FB fibrillar

body. X,32000.
&J :
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' Fig. 28. Follicle 100 microns in dlamnt_-. The material’
o’ zona onlluC1ﬂa far*o qﬁaua) has started to
. appear 1n pafchnq bntw the follicular cnlls:
e - ; L
' {r) and the oocwte (D). ,H Lasemant ﬂﬂnbranc,
'” t'mca. ¥, 2200, ) TR -
¥ . 4 ‘
: T . .
Fia, 29.'nnothe* ‘olllclo in staar 2. The fnaterial of
SR - -thiz zona vellurxdn oW forms a :hick layer bet-
Y . b . . .
ween thn ‘0111c ldf‘kf; s (F) ;ﬁﬂ the oocvte

. . . . __

‘ (N) and appears filajgrous. B ﬂxcr07111a* .-
process »f the ‘ollic;;ar‘cells'can-bﬁ seen :
tiaversinc the¢ zoma pellucida (ZP). % 200Q00.
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Fig. 30. Follicie gon’microns_ih Aiameter, Follicular

% 18000, . 2.

(ZP). The striate layer (sl) corresponds to the

‘the oocyte., X 600,

‘cells (F) are separated from the theca (T) by
the basement membrane (8M). The zona pellucida
(ZP) is occupied hy microvilli both from the

oocyte (0) and the Foifidul+r ~rlls., Fibrillar

‘hadies (FB) can be scen in the oocyte cytoplasm.

-Follicle 500 mjcrons in diameter. The follicular

..c€lls hdwe hecome cuboidal. and are separated

from the oocyte (H) hv a thick zona pellucida

L]

AR

layer ST, in Fig, 23 Fibrillaf bodies (FBs)

form a layér in.the perioheral cytoplasm of







' f0lliclé as in Fig. 21. Submicroscopical

32, Same
of follicular cells (F) are

is traversed by

v

characteristics
shown. The zona pellucida (ZP)
the follicular

microvilli from cells. X 12000.
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Fig. 33.Same follicle as in,

f]

nted by €L in +this

-
o

(=)

* Several of the fihriliar

- . -

321. The laver represe-

. .. . : .
COorr2sponcs to the

in Fig. 31, .A perivitelline

vicinity of oocvte (9)

hodies appear’ to be

in the process of being incorporated into volk

re

granules. The progressive stages have been

markeé from 1-5:

tive. ¥ 21050.

.

Tumber

hi

P

beinc the mdst primi-

L
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rig. 35. Follicle 0.5 mm in diameter. The zona pellucida’

B :_‘ ) Separatinc the follicﬁlar cells (F) and the

oocyte (O} Has attalned its maxlnun ‘width. The
. < !
‘ oocvte cvtoolasw 1s devouc of ‘1:r111a* bodleS'

- '.-

but contains larqo nurbefs o‘ v%%? r*anules.'

t

S~ 77 % theca. X .600. . T

Fig. 36. Another follicle in .stace 3. The follicylar cells
. . “'-’1. .
(F) have become columnar and at ce:tain places”
- 4 : B -

tWeir nuclei are arranced in two raws. Thick

L,/ microvilli {arrows) arisinz, from fo1lidular

-

cells are shown. T theca, g'obcyte. X 150@.
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T

Follicle 1 mm in diameter. Submic:%scopical
sharateristics of follicular cells (F) are
o ] -

shown. T theca, ZP zona pellucida. X 10000.
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Fig. 38. Follicle 0.7 mm in diameter. A long microvillus
N " . - "' i . A .
‘ with contents similar to those of follicular cell

cytoplasm is shown. X 25500.

~ ) . 4

Fig. 39. Follicle 0.7 mm 3in diameter. A second tvpe of
- nmicrovillus arising from the follicular cell is

..  shown. Thick rii rofilaments can, be seen inSghe.

microvillys. X 25500.

Fig. 40: Tollicle 0.7 mm in diameter. The bocy;e‘microvil*

-~

li‘ are shown. Although more numerous, these mi~ ' _
/ - . ‘ ) . - 'T-‘ o
' crovilli are much smaller than those-of- follicu-
- R T “lar cells. as shown in Figs. 37, 38 and 39. ‘Note
. - i N . - _ - ' ) ) -‘ j
that the oocvte cvtoplasm has very few,tubufaq\\;
elements. X 25500. S T
. - ’ : R o ¢
. BTN ‘
h * L} ”
L : | .
- j’ . -
/ s 7 s 7
R ‘ .
o ~ ’ 4
. - s - ,
1
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T~.._ Figc. 41. Follicle 1 mm in diameter. A portion of the pe-

‘*Qi,rgpheral cvtoplasm of the oocyte is shown. Note
SR :
T . g : .

the abundance of tubular elements. Compare this
Aondaa : _ :

.

- figure with Fig..40. X 27000.
Fig. 42. Follicle 2 mm in_diaﬁetngMThemggllicdlar cells
(F) have become flat and the zona pellucida is I

T -
- .

also reduced in iESQQ}dth. QO oocyte, T theca. S N

™~

X 600. : ~ .
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N
N
.
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Fig. 43. Another follicle in stage 4. The numbe" of m;.-
B 'CI.‘OVlllJ. has qreatlv *educed The folllcular cells._
. are r:.ch in rouah endoolasmlc reticulum (EP) ., mi-
tochondr:.a and have an extens:.ve Golg1 complex
(Go) ." BM basement membrane, O oocyte, T theca.

X 18000 : - e






_C--ULTRASTRUCTURE QF THE OVARIAN FOLLICLES OF THE HEN.

<

The relatlonshlp between the folllcular cells and
\

the growing oocvtes in the hen ovary has been descrxbed

\

in detail (see introduction). The present observations
agree in general w1th those prev1ously described Qy se=
veral authors. The presence of soeclallzed organelles

~:nown as the llnlng bodies or transosomes was conflrmed

and additional observatlons were made.on-their orlgln and
. .‘\

[

s

swwochemical nature.

Figure -44 shows two such organelles- It can be

goon that the llnlnq bodies conSLSted of an outer unit

kY

~pmhrane whlch was contlnuous with the olasma membrane
2% .
of the : follicular cell (reoresented by A in Flg. 44) and

: >
‘s:bjacent to it there was a thicker membrane whlch under

nigh magnification could be resolved into three seDarate

ranes (reoresented bv B in Fig. 44). A row.of large

A}

granules 150-250 2 in diameter was attached to the inner-

" most enbrane. :

— : % . '\

*he granules of the lining bodies seemed morpho-,
N :

~

1oc1callu s;mllar to rlbosomes. The inner membrane of

the llnxng bodles wlth its granules was occa51onally ‘{

observod 1n aSSOClatlon with the membranes of the rouqh

'eqdoolasmlc retlculum (Flg. 45) -

Arrows in figure 46 indicate they s;tes of for-

mation of lining bodies.in'the follicularioells. It is



. \
. . V\
_ _ - T
shown that these organelles may be formed in any zone of
Y
the olasna membrane of these cells. ln a second step
llﬂlnd bodies were olnched off from the folllcular cells

~

and came %o lle either in the lntercellular or the peri-

4

vltellxnc space and were flnallv engulfed by the oocvte
3 3 ' - . i

(+hick arrows. in Fig. 46) .. They were occasionally seen

anorooratedﬂinto the follicular cells.

when incorporated into the oocyte lining bodies

ware alwavs surrounded by a unit membrane (Figsz 46 and

r5 £orm macrobodies (Fig. 47); Macrobodies were not only
confined to the peripheral cytoplasm of the oocyte but
goermed to move iowards in the oocyte'cytoplesm as new ones
ware beioq'formed at the petiphery.The 1ining bodies ap-
neared to, loose their. characterlstlc structure and became
nomogeneous with the dense content of the nacrobodles

~

ig. 47) . -

331

(

In the oest speculations have been made es to»the
nature of the qranules present in the lining bodies and
it has been. suggested that these may be constituted by
%A, To test this hypothe51s tlssues treated ¥ w1th ribonu=
clease were observed.

Although all the structures previously described

could also be observed in the sectlons of Ovarles embedded

in glycol mathacrylate the quality of the images was lower;

73

and several liring bodies were generally clustered "
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- . ”

\\

due to lack of post -fixation 1n osmium tetroxlde, the

nllalar membranes gave neqatlve 1mages (Figs. 48 and 49)
/

Feu profiles of rough endoplasmlc reticulum are

kS

" shown at ‘arrows in flgure 48, the membranes apoear wslte
and t“c ribosomes attached to them are darkly stained.

in the lining bodies the outer membranes appeared white

r

Wit the inner thick membrane and the grapules were dar-

-\\\;/4E?\stained (Fig. 49).

- . ) T - v
S

In the sectlons treated w1th rlbonuc’ease, the
md%g:%s from the endoolasnlc retlculum had completelv

disappeared, 1eaving the naked membranesltsee arrows in

-
~

-
1a

. 30). The same figure shows that the lining bodies

have persisted but there was a partigl-dissolution of

-

thelr grandles. ' - S

ot
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Fig.

44.

Shows two. lining bodies attached to the nlasma
- ( - i

membrane of thé follicular cell. The outer mem-°
brane of the lining bodies is a unit membrane

and is continuous with the plasma membrane of

the follicular cells (represented by A in this
figure) . The inner thick membrane (B) can be

resolved into three different membranes (arrows

.at B). Large granules'(arfowheads) are attachéd

to the innermost membrane. X 133000.-

‘Shows the association of lining bodies (LB) with

”’

the membranes of the rough endoplasmic reticulum

(arrows). X 83000. . )
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/

)

Follicle 2.5 mm in diameter. Dartlons of several

follicular cells are shown. The arrows are 1nd1-

cating the SLtes of formation’ of llnlng bodies
at the plasma membranes of the folllcular cells
The arrowheads are indicating the ‘lining bodies

which ‘have -been incorporafed into the oocyte-(0).

X 8300.

e






Same follicle as in Fig. 46. A deever part of
the oocyfe-cytoplaém is sHown. Lining bodies
have clustered to form macrobodies (MBs). Note
that tﬁe lining bodies have started to loose

their characteristic structure. X 32000.






rig.

- —

o Filg.

49.

50.

tissues. Since ne post-fixation was done in os-

mium tetroxide,'ghe membranes have negative ima-

ges. The arrows indicate the orofiles of rough

endoplasmic reéticulum. The ribosomes can be seen

as @grk granules .(arrows). X 32000.

Shows another: section from glyccl methacrylate
embedded tissue. The granules of the lining bo-
dies }LB) are clearlv shown. X 53000.

Shows & section from glycol methacrylate embed-

ded tissue which had been treated with ribonu-

clease. Note that the_grangles-of the lining

_po¢ies‘(arrows) and. the ribosomes (arrowheads)

have been extracted. X 27000.

.'Showé a. section from glycol methacrylate embedded






oarT - 11 EMBRYOLOGICAL ST UDIES

Ld i .

ot
-

A - ULTRASTRUCTURE'OF THE . GONADAL .GERMINAL EPITHELIUM :

I\ THE CHICK EMBRYO.

- It lS Known that the. folllcular cells of the- c.
adult owvary are derlved from the epithelial cells of the
cortex of He embrvonlc gonad (see lntroductlon) In the
follouino study special attentron was thus focussed on
these cells.

4-dav conads:

-

_ \

The qonads "at thls age were elonqated, transpa-
\rent structures and apoeared on the medial surface of. the
ﬂeso"eohros. ”Hev were constltuted by a two or three- ) ﬂ!..
lavered cernlnal eplthellum surroundlng a compact mesen-—
chvmal medulla (Fig. 51). The present ultrastructural
studies were conrlned only to the qermlnal eplthellum

”he gerﬂlnal epithelium was, separated from the
aeseuchvnal tlssue by a continuous basement membrane and
was constituted by few 1arge germ cells and more numerous
smaller somatic, eplthellal cells. The germ cells could
be easily recognlzed by thelr large raund vesrcular nu-
cleus and a large body of cytoplasm (Fig. 51)- Floure-
52 shows the submlcroscoolcal structure of these cells
and it is shown that their cvtoplasm contained’ numerous

polyribosomes, few profiles of granular endoolasmlc re-

ticulum and mitochondria._The_Golgl complex was well

Fa



devclooed and small secretory vesicles were observed..

Lipid 1nclu51ons and plnocvtotlc vesi les were not

PRV BN

"

MNCOMMON . .o A .
- " ' \\

s facing .the coelom were
- J\ »

r apical'ends by typical junctional

The epithelial cell

connected at thei
53) " The cells in the deeper layers

complexes (Fig. 4

13 typ* cal desmosomes. In contrast to what was found

rd

*He germ cells, there was less cytoplasm in relation .

to the nucleus. The cvtoolasm was rich in proflles of ,
free polyribosomes and
) .

few mitochondria wlth-a dense matrix were also obser-

aw

granular_g endonlasmlc retlculum,

sd (Fig. 53). 7 T ' S
£ fine microfilaments was fcupd dig- »

‘A network O
ibuted throughout the cvtoplasm of the -epithelial cells "~

h special abundance at the apical poles; In addition,

und formlng large bundles. _ ;

ating from - .-

":i o)
microfilaments were also fo

while some of these bundles seemed to be eman

the junctional complexes, the others were seen isolated J

in the‘cytoplasm (Fig. 53). Microtubules were also a -

CO"I."'IOR occurence .

jck cellular processes emerged from

ithelial cells facing ,

- Short and th

nds of the superfrcral ep

the apical e
progectlons of the ¢

These were irregular yto-

ched and contained pol

the coelom.
yrlbosomes:

plasm, some of whlch bran
any ‘organelles (Fig. 53)- Intercellular
7

they were devoid of

\ . -
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spaces were frequently observed amang the epitheiial
cells and were occupied by short microvilli from them.

5-dav gonads -

-

Thewqonads'Becahe ﬁofe prominent at this age.

The cerminal;eoithelfum was mqltiIayered ang there was-
an aooarent 1ncrease 1n the number of germ cells (Fig;

54). A thlck ba eﬁEﬁt membrane ‘sepatated the germinal
spithelium from the underlv1ng mesencﬁymal tissue. Pri-
mafy sex cords could ne seen arising from the germlnal
epitheliﬁm and venetrating the undetlying mesenchymal
cissue (Fic. 54): . ' | - o~

rigure 55 shows a part of the germinal epithelium

at %his aqe. 'I'H.e ultrastructural characteristics of both \

she ‘cerm cells and the epithelidl cells were essentlally
similar to those:descrlbed for four—day gonads. However,
the aumber of microfilaments distributed throughout the'
c;:oplasm of epithelial cells seemed toO increase (Fig-
56).'Sﬁall organelles with a structute similar to the
_'lining bodies' described in ovaries of 1ater ages appea-

rad for the first time in some of the gonads examined at

this age.

g-day gonads :
Left ané right gonads were flxed and examined
separately at this age- signs of asymmetrv perween the

left and the right qonads appeared for the first time

PP
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.

at th;s age. Whlle the germlnal eplthellum in the left‘
qonads continued to grow and form the sex cor&s (Flg

57), the right germinal epithelium was extremely redu-

ced (Fig. 58).

/ ' . When etamined with the electron microscope all

fifteen. left gonads of thls age had lining bodies. These

wore observed ln dlfferent locatlons and stages of evo-
lution: the smaller lining bodies were usuallv crescent
shaped: they were always embodied in the plasma membrane
of‘;he cell of origin and measared betﬁeen 0.1—0.15P.in
lenath (Fia. 59). In & second step the lining bodies’
seeme& to be in the process of being budded off from the
epithelial cell. They were horse~shoe shaped, sligtly
1avc:er and while still attached to the eolthellal cells
.protruded either into the 1ntercellu1ar space (Flg 60)
or the coelom. Finally the.la;ge 1ining bodies were:
rounded,-ovoio.or elonqatedqin shape and were found ei-
ther lying freelv in’ the lntercellular space or. were

Aconcalned in the cvtoplasm of othex eplthellal cells
{(Fig. 61). When incorporated into other cells the 1li-
ning bodies were always surrounded by a third membrane

(Fig. 61)' and probably represent organelles formed by

one epithelial cell and engulfed by another. Lining bodies

were never observed to be incorporated in the cytoplasm

of the germ cells at this age.

%

82
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In contrast w1th the regular presence of lining
bodles in all the left qonads observed, not a single one

of these organelles was found in the ten right gonads

of this age which were studied.:In addition to this,

oy qm— I LAk ¢l 11

apical cytoplasmic processes described in the epithelial
cells of 4- andAS—day gonads, were still present at this
ace but were clearlv shorter and less numerous in the

ri c“t gonads.’ Mlcrofllaments were also present at this

i r—— et

agp ‘but no leference 1n their dlstrlbutlon could be
established hetween thexleft and the rlght gonads. -

-"he eplthellal cells from left gonads were .rich
in rougn endoplasmlc reticulum and an actlve Golgil comp- \
lex with secretory vesicles was also observed (Fig. 62). .
Occasionally lining podies were seen associated with such
organelles as lysosomes (Fig. 62) or 1nclus;ons like
lipid droplets.

g-dav gonags :

At this age ovaries and testis can‘be’distinguiJ
Shed‘macroscopically: left and right ovaries are also
’clearly different both in size and asoect.

When 1eft ovaries were examdned histo}ogically,
two regions could be distinguished (Fig. 63):; an outer
thick cortex‘whlch contalned most of the germ cells and an
ural asoects of

inner, larger region, medulla. q1trastroct

the epithelial.cells from jeft ovarian cortex were similar

1
R A e e o gt TR

Y
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to those descrxbed for prevmous agés. However the lining
bodies increased both in size and number. The medullarv ’ | S
portion had a tvplcal lacunar structure (Fig. 63).

| The cortex in the'right ovaries was considerably
rhinner than in the left ones agg_was formed only by epi-
thelial cells (qu 64) . Plgure 65 lllustrates the ultra—‘
étructure of the rlght ovarian cortex ‘at thlS age. A single
layver of epithelial cells rested upon a 1rregular basement
ﬂeﬂbrane. The cells were rich in polyribosomes, mitochon-
_Arwa and rough endoolasmlc retlculum Few 'boursouflures’ ‘\'
could still be observed. Lining bodies were not found in .

.these gonads.-

The testes at this "age contained numerous semini- \

- sarous cords and & cortex,.thlckness of whlch varled from
one area to anotheri}?ig. §6). This cortex was formed only.
by the eoitheiiar Eeflsv these contained numerous ribosémes )
lving free in thelr cytoolaSm and had very little roggh
~end001asm1c retlculum (Flg' 67) . Microtubules and micro-
£ilaments were also present in their cytoplasm.'Léning
hodies in different stages of deﬁelopment were Seen only

in the cortex of left testes. | °

A careful éearch for lining podies in other reg-

ions of the gonads was conducted and not a single one of

these organelles was found in the medullarY zone of elther

‘the testes or the ovaries.
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10-dayv ‘gonads : » . |
While the cortex of the left ovaries had conti-

nued to grow, the germinal epithelium of the righ
s was rediced to a squamoﬁs‘layer. ‘
. Yy ' . N

s had also diminished‘in

The cortex of.thﬁfggste

~ ' . . /_ . .

rnickness. Howevgi}}n’those places in whi
//

odies were still observed.

oricinal thidkness, lining b

ch it kept its
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Fig.

Fig.

\

51. Shows é left gonad/ from a 4-day old.embryo. The

germinal epithqliuR‘(GE) is two or three layer-'

" ed and contains few}qerm cells (GC). E'medﬁlla.
- ) RN :
X 600. Y

52. Sé;e gonad. A germ cell in the germinal epith-

.. elium. Go GolgisjcompleX, L lipid, N nucleus.

X 18000.. -
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Fig. 53. Apical portions of evithelial cells from a 4~

dav left gonad. Lipid drbplets (L), rough
endoplasmic reticulum, mitbchondria; micro~
'fiiéments, épical‘ce}lulag processes or ‘'bour-
- souflures' (B) énd junctional complexeg

(arrows) are shown. N nucleus. X 27000.?

-
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Fig.

Fig:

A

54.

55.

to_appear. X 600.

. - £ 4

RS

-

Five-da§-left'gohad. The ‘height of the germinal

epithelium (GE) and the number of qerm'cglls

(G) has cIea;iy ihé&eased{than in the 4=-day

gonads. Primary sex-cords (SC) have started

~

Same gonad as in Fig. 54. Epithelial cellé: .
. 1” )

{E) - and germ cells {(G) are shown. X 8300.
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?ig. 56. Portions of two eolthellal cells from-a 5-day
gonad. 'Network of flne microfilaments can be
seen. X340000. _

Fig. 57. Six~day iéft gonéda Thé thiék éerminal epithe-
lium (GE) continues to form primary sex-cords

- (8C). X 600. ' :
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Fig. 58. Six-day right gonad. The germinal epithelium
(GE) is extremely reduced. X 600.
Figs. 59-61. Three stages in the evolution of lining bo-

dies in_the 6-day left gonads. In Figs. 59

N

and 60, lining bodies are seen attached to the

cell of origin (arrowheads), while Fig. 61

shows a lining bodv incorporated into another
P 3

cell and;héé a third membrane (arrow). Figs.

59 and 60, X 53000. Fig. §l, X 80000"
y | 900,
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Fig.

£2.

Fpithelial cells from a 6-day gonad. Lining bo-
dies éngulfed by epithelial cells are shown £LB) .

Those at the right are incorporated into a

- lysosome-like body. An active Golgi complex.

is also ‘shown (Go) . X 32000.

-
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Fig. 64.

Eight-day left ovary. A thick cortex surrounding
the lacunar medu}la is shown. X-360. | )
Tight-day ;igﬁt ovarﬁi The cortex is represen-
ted@ bv a squamous laver of epithelial cells.

The ovary seems to be entirely constituted gy

the medullarv tissue. X 360.






Fig.

65. Fight-day righﬁféyqry. The. germinal epithelium.
is represented by 2 single laver of epithelial

cells. BM basement membrane- X 14500.
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=
‘Fig. 66. Eight-day left testis. The germinal epithelium
is constituted only by the epithelial cells

and varies in thickness from one .area to -

o " another. ST seminiferous tubule. X 360.

Fig. 67. Germinal epithelium of the same gonad. Lining
bodies (arrowheads) can be seen at the plasma_

'membrénes of the epithelial cells. X 21000.






R - ROLE OQF VARIOUS HORMONES IN THE DIFFERENTIATION oF

POLLICULAR CELLS IN'THE CHICK EMBRYO. . .

p—
-

fects of estrogen’ :

‘ In a first series of experiments chick embrvos,‘
~H1cﬁ had recexved a single lnjectlon of estradiol prop-
ionate on the second dav .of incubation were sacrificed
en the fourth and flfth”days. Cytological characteristics
of somatic cells of the germinal epithelium appeared to
he similar.;e the estrediél treated and in the control
ambrvos of this age.(see descriptien on page- 79 ). These

expe:iﬁents were designed.ih order to find out.if estro-.

. gens coela stlﬂulate the cortlcal cells to differentiate

and form lmnlng bodies be‘ore the normal age. The results
were necative and no 11n1ng bodies were cobserved.

In a second series, chick embrvos that had been
'*jaceed on the fourth day of lncubatlon were sacrlflced
on the 6th, 7th, 8th, 10th, 12th or 1l4th day. Tpe exami-
naeion of the left‘gonads of this series fai}ed-t dis-
close aﬁy-differenCe between injected and control embryose

Differences-were however, evident in the/germif.
nel eolthella of th right gonads from the ekperimental
and the ﬁbntrol gyoups. Thus in the rlght gonads from
6-, 7- and 8-day embryos'treated with estradiol, the ger-

b

minal epithelium conSLSted of two or three layers of

cuboidal epithelial cells with very few germ cells among
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' ;Hem Figure 68 ehows the qermihal epitheliumfftom é
- p=dav est:adlol stlnulated gonad The epxthel;um is
con51derab1a thlcker than that of a normal g dav rlqht
gonad -as ‘shown in figure‘SB Lining bodles were newer.
oose*\ed in rlqht gonads of treated embrvos at thls age.
In 10— and 1L—dav rlght gonads from 1njected
embhrvos, small orollferatlons of the germlnal eolthellum .
st rarted tO appear. Llnlng ‘bodies whlch were:never found
in the r! ght conads of controi embrvos, were p*esent 1n
Vﬁbout »alf of the gonads from the 1njected enbrvos.l.

- The *iqht'gonads from 14-day ola estradlol trea-

sod ermbrvos ware conSLderablv 1arqer than those of cdn—

~rol crouo. The hlstoloqlcal etamlnatlon showed that whe-.'

‘veas richt gonads from cohtgoi embryos had very flat co-
. werinc e ‘ itheiium (éig. 39).a thick eortical layer'oould
‘he ooser'ed in the :1qht conads from the estradlol trea-
ad eﬂbrvos (Pic. 71) .The ultrastructural studv of the%i
" se ~oqads showed that this eplthellum, although less de-
@looec than the one of the normal left ovarles, was s;—'
—milarly organized.. Thus it contalned germ cells, some

of which were in mitPSIS_QEQ\ﬂDlthellal cells very rlCh
in oolwribosoneé, mitochondria, small Golg1 complexes and

ttle rough endoolasmlc retlculum (Fig. 73) .~ Llnlng bo-

dies were present in all of these gonads (Figs. 72 and 73).

AN
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<

" 4 nole of pituitarv gland in the differentiation of

[y

¢sllicular cells: | o 4

Iﬂ oruer to~ana1vze the4;ole of the DltUltarV

4

yot
=]

amd in‘the dl“erentlatlon of folllcular cells, left _ .

~varie

n

fron newly Hatched chlcks were’ cultured on a pu—

raly synthetic medium for—periqu of.5 and 10 days. The

nig ’ouzcal evamination'showed that the explants had .
= . - :

L1sarad well on the ‘synthetic medlum and both the soma-

- 4

ot
3
.
3

.o germ cells survxved adecuatelv (Fig. "74) .

3 bhoqcﬁ Foll:.cles we*e not ‘ormed in the-cul-

~urag, the ultrastiriuc sural asoects of the cells did not

sasw alterations. The submlcroscoplcal asoects of the
nnsyeds showed thl al chromosomal f:.lanents of pachy- . \

wrme in, their nuclei. Tvplcal Balb1an1 bodles, ﬁsnstl—

ot

i ny a Golai complex surrounding . the centqioles and

2 peripheral laver of mitochondria,'were present in a
TuxTapgl cclear. 3051t10n (Fxg. 75) -
The EDlthellal cells of the cortex (prg-folli-

ssler cells ) from the explanted ovarleshshowedvsimiiar

- ~
charact e'lSthS to those of non-cultured con;rols. These

lis. sroduced llnlnc bodles, were rlCh in polyribosomes .

ané “aé vgrv few mltochondrla and few proflles of endo-

I3

=lasmic reticulum (Fig. 76) .

AR
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Fig.

Fig.

68.

69.

&

L

Tstradiol stimulated 6-day right gonad. The ger~ -

minal epithelium (GE) is several layers thick
in certain areas. g_medulla.‘x 400.
Right ovary from a l4-day 01d normal embryo.

The cortex is represented by a sguamous laver

of cells. m medulla. X 400.
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Fig. 70.

-"Fig. 71.

Left ovary from 'a l4-day old normal embryo.

Thick certex is constituted by cortical cords

(CC). X 360.°

Right gonad from a l4-day old estradiol treated

'embr{o. The cortex is constituted by cortical

cofds (CC) and is thinner than in the normal

left ovary (Fig. 70). m medulla. X 360.
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. ‘Shows at low magnification, a portion of cor-

tex of ;iqht‘gonad frbm a l4-day old estradiol
treated embrvo. The basement membrane (BM) of
the germinal epithelium is continuous with
the cortical cord (CC). The arrowheadé are
indicating the sites where the'lining bodies’
are being formed at theaplasma membranes of

the epithelial cells. X 8300.
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Higher magnification of the Qerminal epithelium
of the same gonad as in Fig. 72. Lining bodies

can be seen in the process of their formation

* ag well as lying free in the imtercellular sp-

ace {arrows). X 17000. ' K






Fig.

Fig.

rFel

74. An explant of left ovary from a newly hatched

75.

chick. After 10 davs in culture both the

k]

pre-follicular cells (F) and the oocvtes {O)

* have survived adequately. X 600. ~

Shows an ococyte from the same explant. A typi-
cal Balbiani body (BB} and the pachytene -
chromosomes (Ch) can be seen. g-foliicular

-

cell, N nucleus. X 14500.

r
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.
]
- _ ] _ . _ .
‘Fig. "76. Same explant as in Fig. 74. Portions of several
. p;e:follicular cells are shown. Lining bodies.

in different stages of their evolution can

.be seen. X 18000;'

e
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PART-1- co0 n'P ARATIVE ASP

:ltrastructural analvszs

fallicular cells and, the

e

ECTS

-

The aresent results have orovxded a detailed

of the relatlonshln between the

oocvtes in the turtle and the

~ohidna and have ‘llled gaos in the lnfornatlon supplled

orious studies on the hen by~other authors. The com-

or
A

sarison of these €inding

razure on other vertebra

s with prev1ouslv etisting lite-

tes has led to sone COnClUSlonS

T, :dLiICULAR EPITHELIUM:

In agreement with the classical

-

.seuiles on chelonlan ovarles (Munson,

“wreland, 1951), -3t wWas obser

-

2allicles have a single

~hout their deyelogment.
[N

-

*

lar 1thellum which

~s
— e

of ‘0111cular cells in the

histological
©1904; Thing. 1918;

ved that 1n Pseudemys the

laver o€ ‘olllcular cells throu-

14 the echidna it was observed that the -folli-

was constltuted by 'a 51ngle laver

" layered in follicles ranging from 0- 5 mm

~hter and £inally returned to a 51ng

"follicular cells in the

larger folllcles

" tipns are contrary to those ‘of Flynn and

+he echidna and Gatenby

' served two layered folllcular eplth

follicles. Garde 11930)

(1922) 'in the pl

sgeller follicles, became two

to 1 cm in dia-

je layer of flat -’

_ These observa-

‘gill (1939) in

atypus who ob-

elium in the largest

. ‘however , has descrlbed ‘a single

R

¢
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laver of fo"‘cular cells throughout the growth of the
~olllcles in platvpus. Hultllayered folllcular eplthellum
is twolcal of eutherlan mammals. Inylower vertebrates
more thao one laver of follicular cells. has been descri-
bed only in some'reptiles 'suoﬁ as lizards_end snakes
(see review by Brembell, 1956) but not in otoers such as
the turtle. |

“ More thau one type of folllcular.cells-appeérs

to he present in some vertebrates. The oreéenttstudv has

shown tﬁat 1n the turtle two tvoes can be observed in

the mediun and larce sized ‘ollicles."Clear' and 'dark’

ce’ls could be dlstlnqulshed both with the optical and
*

th- lectrow microscope. Both types of cells showed si-

milar ultrastructural characteristics, the only diffe-

. rence being the relative density of their cytoplasmic

matrices. The possible significance of this. difference

_has not been established. Similar observations have been

made in the avian_(Bellairs, 1965; Narbaitz, l971) and
mammalian ovarieeﬁ(Weakelv, 1%66). Bellair; (1965} be-
qle"es that the dark cells are degeneratlng,.sometimes
she observed whole Folllcles ceonstituted by them and con-
sidered these follicles to ‘be dtretic. Narbaitz (1971) -
described dark and clear follic@lar cells‘in'the ovaries

from verv voung chicks and believes that they represent

two stages.in their differentiation. Weakley. (1966)



" «%e oocytes were not observed 1

as inditated by the presence of

106

-

farences in the cellular den51t1es of the fol—

N

- - -
vy ~
P D L

¢

licular cells from hamster ovary- and suggested that the—
:n iiffpreonces may de related to the changes in the

chsrotory activity of these cells.

pre

a=mall, intermediate and large (pyriform) £8111-

>ilav Pl‘q ~ave been desc*zbed in the ‘ollzcular epi- - -

-nalium of lizards (Porte and Zahrd 1961; Hubert, 1071a,
' | | 1
weaves, 1971: raddei, 1972) and snages (Betz, 1968).

Tarze pyriform cells are derived ¢ mitotic divisions

y
-

hert, 1971a) and are conglned only

J
[
I
1
3
P
[ Xad
-
"
0
v
"
—
th
—
.yt
e
o

-~ emsoparlier stades in_the follicle development.'?yrir

s.w= 2alls have not bdeen described in vertebrate groups

s==ov «nan lizards and snakes and were not presently

jrher in the turtle or in.the echidna.

1
i
o

H
%
ﬂl
®
-

pyriform cells in the llzard folllcles esta?lish

§TTAR inrercellular bridges w1th the oocvtes (Ghlara et

! 1569: uubert, 1971b: yeaves, 1971; Taddei. 1972) .

- asarcellular bridges bhetween the foilicular cells and

......

n the otesent studv and

ertebrates other than llzardsi 3

wave not been reoorted in v .

2. SECRETORY ACTIVITY OF THE FOLLICULAR CELLS.

r cells in the tur—

The cvtoplasm of the folllcula

«1e and the echidna showed signs of svnthetic-aCt1VltV,

a well, " geveloped rd%gh

endoﬁlasmic‘retlculum and an extensive Golgl apoaratus
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w;th‘éécretoéy granulés. This fact:m@y ﬁean;that the
fqllicﬁlar‘cells'éontributg to the development of the
oocyte and)or-ghé formation of the zona pellucida with
substances Flaboraéed in their own cyﬁoplagm. Similar obs-
ervatibns have bheen maae in aﬁphibiahs (Hope et al., 19637
keSsél-an& Panje, iQSB), bird; (Bellairs, 1965) and mamm-

.als ftAanderson and Beanms, 1960) . Beliai;s (1965) has sugg-~

.

[

estaed that in birds the secretdry activity of these cells
is restricted to the initial stages in the follicular

e
e

crowth. Contrarywise, both in the turtle and the echidna,
although the height of the follicular cells decreases in~
he largest folliclsf, their cytoplasm continues to be

rich™n various organelles-characteristic of secretory

cells. In aq;éement with this,Kessel and Panje" (1968)

usinc autoradiographic technidues have shown in the ovary

- * : r
. .

of necturus that the follicular-cells synthesize proteins

at later stages of follicle development.

3. EXTRACELLULAR GRANULES -

In 0.5 to 1 mm follicles of the turtle ovary num- -
e:ous.dens; granules were obseryed in ﬁhe perivitell;ne
. space. *hese ‘granules were, the same as those present in
the cvtoplasm of the folllcular cells, morohologlcally

similar to glvcocen p-particles. They appeared to be
'Peleased into the perlvxtelllne .space by the folllcular.

cells through an apocrine type of secretion. The fact

3
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that these‘éranules‘did.not appear in tissues treated
'*1th amylase tends to conflrm that they are constztuted
by glycogen. The 51gn1f1cance ‘of extracellular location
of these granules has not been‘clarlfied but their
presence in the intercellular fluid suggests.uéyake
ty the oocyte. -
Morphplogically similar granules have also been
founéd in the echidgpa, although in a mqu“hyaller number

and were never observed in an extracellular location as

in the turtle. To my knowledge, llzards are the only

group in which similar granules have been prevxously des-

cribed in an extracellular location (Ghiara et al., 1970;
éubert lQ?lp). These authors have suggested'a mechanism
cs releasefof these .granules which is different from
that described for the turtle in the present study. Ghia-
ra et.al., (lSJO)MSelieve that after the degeneration of
the pyriform cells &he dark'granulee contained in them
are released into the perivitelline space. Hubert (1871b)

is of the view that the degenerated pyriform cells leave
’ séaces in the follicularleoithelium, thus, allowingkthe |
granules present in the theca -to pass freely into tne
oerivitelline space. The latter author, after cytoche—
mical staining, also concluded that in the case of the

lizards these granules were not conafltuted by glycogen.

. ICROVILLI‘

Numerous microvilli have been presently observed

108
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_exteﬁding into the perivitelline space of both ﬁhe turtl;.
and the echidna follicles. 'Ip the initial stages of foll—
cular growth microvi}li arise both from the follicular
cells and the oocyte but at later stages, whiie ﬁhey are
more branched and lafger, fhey are almost eﬁtirely of
oocyte.origip. The number and size 6f the ococyte micro-
villi, howeieri was much'qreagér ip ﬁhe turtle than in
the echidna;‘Since the microvilli are responsib;e for the
uptake of materials from the perivitelline‘spacé_in;g |
~the oocvte (see re&iéw by Norrevang, 1968), the more comp-
lex organization Q§7thi5'region in the turtle may be
:cléted to the fact that‘itsr;ggs afe‘larée: thaﬁ those

oI the echidna. This view is further substantiated by the
fact that the oocyte microvilli are much les§ devéloped

in eutherian mammals (Anderson ana ééams,'lgﬁo: Baca and
Zamboni,1967; Hope, .1965) which produce smaller eggs fhan
“the echidna and by the fact that in the hen, in which

the rate of:accumulation.df yolk is very ﬁiQh, thejmiéro—

<

viili Ire extraoridina:i;y Qell developed and conétitute
é spe;ialized structure referréd_to as the zona radiata
{Beilairs, 1965; ﬁyburn et al., 1965b}.

The microvilli arising f{rom thé follicular cells
in the echidna are especially long. Some of these 1érge

microvilli penetrate into deep infoldings of the oocyte

plasma membrane. This arrangement is, however, restricted

109



.5 ‘ollicles less than 0.5 mm in diameter. Similar pene-

~rations of elonqated'cytoplasmic projections of the fol-

ot

ieular cells have been deScribed in a variety of mammals

~luding man (Anderson and Beams, 1960: Hope; 1965;_Ba6a

N

and Zamboni - 1967} and orobablv represent an arrangement
«~ further i%crease the transpertinq surface.

Altheuqh the presence of iﬁterlocking microvilli ;
-»mnig_to indicate that an important transport of materials

mosween the follicular cells and the oocvtes takes place, -

.«

==~ possibility o‘ substances reaching the oocvte direc~’
«1v without Crossing the cytoplasm of the follicular cells

=18 %O be considered.

w'

I~ the larger follicles of the turtle ovarv,‘the

s~1licular cells were separated by large intercellular - :..I

ecaees so that the periviteliine space had a continuous
"nassace Lo the theca seoarated only by a basement'membrane.
25 it would seem possible that the nutrient materials
roach the oocyte directly instead oﬁ having to pass through
~ne follicular cells. This process. however,,does‘not seem.
no;51ble in smaller follicles 51nce right junctlons secure
+ne adhesion between adjacent folllcular cells. The pas-

. es in the -
sace of materlals through the extrace}lular spac .

follicular epitheliun was experimentally demonstrated by

veaves (1972) in the llzards ovarles .This author showed

- -
—_ . 1l

1



and peroxidase pass freely through these spaces to reach

o oe*ifitelliﬁe'soace wherefthef are finally taken up

AR

:y *he oocvte through DlﬂOCYtOSlS. Large intercellular“ et
cnaces havée also been described in fishes' (Droller and
‘soth, 1966) and amphibians (Hope et al., 1963; Kessel.

and Panie, 1968). - ‘ . . : !

(W4}

DINOCYTOSIS o

An acet 1"e DIOCGSS of DanCVtOSlS was observed

]

« the piasma membranes of the oocvtes both in the turtle

ind the echidna; In the medium and large sized lellcles

5¢ the turtle, larce oocyke microvilli we;eﬁfull of

coated piéocy?otic vesicles. This process was obSerﬁeé . -
oo lcsség'decree in the echidna. pinocvtosis has been -

obsééved in oocvtes fron flshes (Droller amd Roth, 19661,
';inqhibians (wartenberq,1967), birds {Press, 1964) and T
-ﬂénmais (Aéamé and Hertig, 1964- Lanzavecchla and Mangioni,

1§64: Zaﬂboni.and Mastroianni, 1966) . This phenomenon

orobably represents the uptake of materlals from the _

peril: telllre soace hy the oocyte and has been demonstr-

auef'1 exserlmentallv by Wartenberq (1964) in the newt by

injecting an iron containing dextran (Mvofer) and regls—

tering its presence in the oocyte PlﬂocytOtlc‘V351C1es'

6. LINING BODIES, HACROBODIES AND TRANSOSOMES : L

”he present obgervations on the foilxcles of the’

hen agree in general with those PIEVIOUS1V,d§§Cribed .

“n
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1964; Bellairs, 1965, 1967; Wyburn et al., 1965a, -
b:fGreenfield;'1966;-Paulson and Rosenberg, 19#2) end ' . :
Have confirmeé the presence of'specialized organelles | |
knew: as "lini nq ‘bodies'’ . . T - ;-
m~ne origin and the nature of the granules atta-. D

~nnad to the 1inner membrane o‘ the llnlng bodies 1s not

!

knoin. 5uring the present studv it was found that, while
in tho precess of their ‘ornatlon, 1ining bodies-may'be
associated either with the menbranes of the rough endo-
asmic reticulum or eith grougs of polyribosomes. This
‘asseciatioa tends to sucaest tgat the granules of the
1iming bod;%s may be derived 5rom ribosomes. In agree=

- A |

ment with this, no dlrferences Wetween the size and shape

of these granules and those of ribosomes were observed.’
zsllairs (1965), however, found the granules of the_lining

~odies to be larger than the ribosomes. .’

-

n the past it has been'conjectﬁred +hat the gra- . |

aules of the lining bodies contain RNA, the same as the =

-~ . g

ribosomes (Schjelde et al. ,~ 963b).

In the present study 1t was observed ‘that the

raﬂules of the 11n1ng bodles From sections treated with - .

'Lbon"clease had been partly dlssolved while they were

- aresent in the cantrol sections, zndlcatlng +he presence

of some BNA in these granules. This fact together with

the oreviouslv.described agsociation of lining bodies



.Lth ‘the rough endoolasmlc reticulum 1nd1cates that the
zranules of the lining bodles probably. are ribosomes. .
(While this study was in progress similar results us;ng
awAse ware reported by Paulson and“Rosenberg, 1872).

The Iinfsg bodies are known to be éroduced at the
~lasna membrane of the follicular cells and to be released
ni:h?r inso the intercellular‘spaCe separating the folli-
a; cells or, most commonly, into the perivitelline
space. The final ‘ate of these bodies has been discusséz
aﬁd while some authors maintain that they are lncorporafed

. into the ooéyte (Bellairs, 1965) where they become asso-

iStLd ith volk cranules (Bellairs, 1967) ., the others be-

en~ follibular cens (Press, 1964: Wyburn et al.,l9GSa).

”Hé present studv ‘has shown that the lining bodies
are incorporated by the oocvte where they cluster toQ form
larce m c*obodles.aThese macrobodies were not seen in as-
sociation’ wlth other oocvyte cytoolasmic organelles. The

S

—ac*obod~es have been prev1ouslv descrlbed only in the o-

varies from very young chicks (Greenfleld, 1966) Since

—~acrobodies appear to be predecessors'ofkgblk granules the
present observatlons support Bellairs (1967) findiqgs in
the sense that llnlna bodies are flnallv incorpprated into
yol% granules..

Since 'lining bodies' always contain, in addition

~

i~-a that these organelles remaln permanently attached to

]

—

3. 4

..'.-.-_ e
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to the membranes and granules, a substantial amount of

cytoplasmic matrix, their incorporation into the yolk’

aranules in the oocyte probébly represents'a sdpply of

-

raw materials-for the formation of yolk. In addition, the S
oresence of RNA in these:granules as shown in this Istudy 5

sucgests that‘they méy'also play an informational role in
the orqanization'of volk granules.

The small, rounded or horse-shoe shaped organelles
observed 1n :he't;rtle ovaries have been termed °transo- /
somes' in the previous section. These organelles differed _
5orphologica11y from those déé;:ibea in the ﬁen as 'li- - -

ninc bodles' (Bellairs, 196§Y or 'transosomés'. (Press, ‘
. s
1964)in that they were much smaller in size and in that

no granules were present on their inner membrane. Inspite

of these morphological differences, since the organelles

-

foundzin the -turtle are similarly transported from the.’

~

follicular cells to the oocyte, the term ’transosomes'

-

seems appropriate. The fact that these organelles were
seen incorporaéed into'pinocytbtic vesicles and into yolk
granules. s5ucgests that Ehey may play some role in yolg o

- formation as happens with -the lining bodies in the hen

S

(Beliéi?s,-lséj). Additional information is needed to pro-

ve this assumption. - - ‘ ‘
Organelles comparable to bird and turtle 'lining

bodies’ or 'transosomes' were never observgd in the echidna



.
¢

oraries. The fact that these orqanelies are complex and
ve?y'numerous in the hen in which the rate oé production
oflyolk'ié verv high, that they are simpler and less nu-
~arau& i1 the rurtle which produces smaller eggstand at
'y slower rate and, finally, that they are not found in
~ennr wortebrates in which the rate of production of yolk
by o~ach oocvre 1is significéﬂtlv lower, reinforces the be-

- -

siaf snat their —ain function is to contrlbute to Vltel-

Taconngis.,

_ EmRMATION OF THE ZO\A PELLUCIDA:

in the “uf*le ‘ormatzow of the zona pelluc1da was -
-ﬂ ’ - -~
« the ultrastrgctural level by the accumulatlon

rd
o)
*q
i
tn
w
)
o
{4

-

N J » »
a2 filamentous sarerial. In the echidna this material ap-~

-oaved as £ilamentous OT aporphous in different follicles-
J:’ .

—age differences are probaﬁly related to the state of

vation o"oacq £nllicle as nas also been suggested in

s-ohibians (_'r;a-:tenberg, _1962_). . __ ) o
The ioﬁa,pellucida is a chafacteristic of‘develoj

sing follicles of all vertebrates and its origin has not

IR 1 4 3 N rrevan "~ 1968) . Studie;-5 .
nee establistec{see revleu bv 0 : g.

sn mouse, rat, guinea—pig, hamster "and cat follicles have

sHown that the material of the zona pellucida arises as

A*sc*ete and separate parts which sgcondarlly form a com~”

olete 1aver enveloplng the oocyte (Chiquoine, 1960; Fran®

chi, 1960: Odor, 1960) . chiquoine concluded that such an-

1

P



5 rigin suggests the actlvlty of several.cells rather than
a q1ncle cell thus zndlcatlng the role of folllcular cel s
%ataer than that o‘ the oocyte in the formatlon of the 20~
o na pollucida.-' ;
u In the echldna the nater1a1 of theuzena pelluiida
gpp?a%s‘in a similar manner as described by Chiquoine for

Achor mammals. In the turtle, however, since a perivitel-

1inn Space appears be‘ore the cormation of the zona pel-

— . i \ o
. .

lucida s“ch‘relationsth could not be establisred. In this

-15o the zona material was localized in the outer zohe of
-=n perivitelline spate suggestlng that it may be produced,
hyl*“ﬂ ‘ollxcular cells. ‘similar material, however, could

Tz fo:nd in tﬁe supers 1c1a1 laver of the oocyte cytoplasm

indicating a 90551ble oartxczoatlon of the oocyte as- ‘well.

-=ig would acree ul*h the tonclaszons drawn by Wartenberg.- .

(1962}, Hope et al. {1963) and Hope (1965) from studies.
in .amphibians and mammals. These authors nave described

«-:0 morphologically (Wartenberg, 1962: Hope et al., 1963

Eoée, 1965) and hlstochenlcally (Wartenberg} 1962) distinct o

b N o
zonés in the zona peiluc1da and suggested a @ifferent ori
. .

X _ )
~in for each of these two zones.

3. ADDITIONAL OBSERVATIONS: . ~

Altheugh.special attenfion was paid to the ultra-.

structural aspects oﬁbthe follicular cells and to the zqn¢

ceparating these cells from the oogyte, several morpholoe

L

e @ dileares -

- . .
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4 sical cetails of the penioheral-cvtoplasm of the oocyte
~ave been also analvzed and seem to be of some 1nterest. e :
In the oocvtes of the echidna, spec1a112ed struc-

:ures::QEerred to as 'Fibrillar bodies’ "and ranglng in -

vy -

vom 1-2 u in diameter were observed. These struc- - '

|13

PEEP RIS

«uros were bound by a unit membrane and.contaiﬁed irre-

e T awle
: Tl

. arranced bundles of fibres 150-250 R in diameter. , P
s2i-ro many bodles with structures which appeared to be
intermodiate between these "ibrillar bodies' and the ful-

N

1 formed yolk fran ules were ‘requewtlv obse*ved, it is

R¢en

<~n=ludod that those bodies represent jnitial stages in -
sno formation of vyolk granules. .

-t Another inte:estiné feature of the echidna oocy=

b

-~g wasg the p:esence of an unusual number q‘ elongated

slar structures in their Derlpheral cvtoolasn. These-

s-~s:res seemed to 1ncrease with the ‘olllcular sxze

ni were of:en found assoczated Wlth large ves;cles or - ~

orimicive vyolk granules,'in@icating their possible role

- «he formation of volk. Bellairs (1967) Has described

b

scrmewhat similar. but slightly larger StrUCtures ln the °
: |

n:n oodytes (about 700 2 in diameter in hen as comnared

t5 400-600 £ in the echidna) and called th;ern 'volk spin-

dles. She ‘ound them associéted with large vesicles lea=

ding to the ‘o*matzon of yolk-granU1es-

I
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apr - II  EMBRYO LOGICAL ASPECTS

1. \“.RASTRUCTLRE OF THE GERMINAL EPTTHELIUM OF

~uE CHICK EMBRYONIC GONAD. = -

-~

Snveral ultrast*uctural studies on - the germlnal ‘ ) .

o;ithﬂlium,of the chick nﬂbfvonxc 'gonad are avallable in

«ws literatule (Duboxs and Cumlnge 1967 1969; Cuminge
ini Dubois, 1969a, b, 1971: De §imone-Santoro, 1969). The.

Trosent obser "a*;gps on the subnlcrosc01cal aspects of

:He.:e:ﬁinal epithelium of qonads of earller ages of
-=izk ombryo agree in ceneral with these authors and in
Aivion have revealed certain lnterestlng asoects which

e

wot been previou 1y scribe

cuminge -and DubOys (1969a, b, 1971) described
':haracte:istic.sho*t cvtodlasmlc processes of the,somatic -
cplls of the gérminal epithelium, which they called

b:ef ‘lures' (blebs), and which were eliminated from

- L4

«=e epithelial cells by 2 merocrine tvpe.of secretion.
~mese authors further §-3te that a regular wasement memb-
Tane is‘absent at the basal poles of eplthellal cells of

zonacs from 7- and 3-day old embryos and that the

'hoursouflures’ are present at both the apical and the

e

basal ooles of these cells at thls age. Thus the content -
) }

d be ellmlnated qnot only

-

~f the 'boursouflﬁres' coul

—
w N -
T . . T
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sowards the coelom but also towards the blood circulation.

idea pf

’

~a seéretion was further gubstantiated-by
Qutbraiioqraphic studies of the same authors tCuminge and
nhois, 19685, 1971) indicating that the ?rotéins are 

z qv:tﬁesiéed by'the epithelial <cells and secreted

snrouan tHe/'boursouflures'. Dubois (1964, 1965, 1966) :
shéwﬁ% in his 1inﬁvitro' stgdies that ﬁhe ge;minai-e;ith-

um oXerts a chemotactic attraction on-the germ cells

irnd it is npossihle that the secretion represented by
+mo 'heursouflures’ constitutes a chemotactié agent. .

nge and Dubois (19 mentioned that the

-

‘start to disa after the fourth dav.

erved that these cyto-

*

1nd in both the testes and the ovaries from 8~day enbr"os

»

in these cases restricted only to the apical

s~reions of the epithelial cells. Another observation

.
.

cresently made was- the asymmetrical distribution of

&
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from six ‘day o©ld embrvos: these cellclar processes were
ilwavs clearly larger in size and more numerous in the

Lie: conads. ' The meaning of this aSymmetrical‘distribution )

it discussecd on page 122. R R .

i
s

A ﬁetwork of fine micref 1lanents dlstflbuted
.o

Ahrouchout the cytoplasm- of the epxthelxal cells of gonads L ov

- - L3 '
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am 4-53? old. embryos Qas observed ln‘the present study.
s number-of microfilaments seened to 1ncrease in these
~n1ls from gonads 65 5-day old embryos. Microfilaments
e To0n déscribed in other ‘embryonic an? unQiﬁfergn—
-iated cells as beinq.contréctile in natu&e and plaving

v orole in ?fll shaoe changeg that accompan }.severa;~
-~ryrhnzonetic phenomena {sce ?éview by Wessels et ;l.h

. Thus, in V1tro studies have shown that 5y adding .

-

we~=malasin B (a2 funcal metabolite which disrupts micygo-

.t ymancs) to.the culture maedium, *H formation of furrows

.inations can be.prevented (Wrenn and Wessels,

Snnoner and wWessels, 1972) . Similarly .in the case . - -
- ombrvonic chick qonads the presence of microfilaments

-~y ho rolated to the forma

r

ion of sex cords since these’

ce1v=. to be formed around the fifth day of incubdtion

, 18157, 1916) correspondingly with the increase.in-

che number cf'micrg?ilaments.‘ - : - -
- ining -bodies appeared for the first time in - . o
:c:ads(frbm 5- and 6;day'dld emb;yos. These’ organelles -

* \
otserved 1n the embryonié epithelial cells were much '
gmaller in size agé fewér in number than'in the follicu%ar'
calls of the adult hen and'whlle thev are 0 1-0.15 1in
iﬁrq:r in the embrvonié cells, they may reach well
ower lu i5 length in the adult hen. It is evidenp from
+ne present study on the growing Folllcles of the hen and

- ’ -
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seam the past literature on the same subject (Bellairs,

. - ~

tagas wWyburn et al., 1965a: Greenfield, 1966) that the

.

. - &
. Linind bod*es are.a characteristic product oL the folli-
-:lar cells. Since the ‘olllcular cells are derlved from

-n. sematic colls of the germinal eozthellun of enbrvonlc

- - &

s+~~ais, the presence of lining bodies in the epithelial

~11s ~¢ =Zonads f:o; 5- and 6-day old eﬁbryos suggests;ﬁ’,a”—“,

.

slarsells bogins, at this early'acc.

The classical ';nductor' theory of sex differen-
sixmion first put forward by Witschi -(see reviews bv 3urns, -
. N
. ;

gl Witschi., '196%) maintains that an inductor substance
1s secre tgd »y the .gonadal germinal epithelium

wemicn influences *“e dz“eroﬂtxatlo“ of the medulla.‘In

n, 1t nag also been shown that the dl“erentlatlon

~7 22CvEIes is dependent on the -influence of neighbouring

a1t icular ceolls luHaffen, 1363) . Additional research 1is

cedod =0 find out 1if the sroductlon o‘ llnlhg hodies

ry

+ma ombryonlc s*e—‘o’lic"lar cells is related in some

w2y to-the corticin secretion-or to follicularfcellﬂggrm
11 interaction.
THe p:gseni findings, showing ‘that the lining —

~dies which are typically ovarian organelles -are initi-

in the co'tex of.. both +he male and rhe female

[
b
) .
‘O
et

resen

Ehg s r'os, tend to support the cla551cal concept on the

* o
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nisexual nature of the vertebrate gonad {see reviews bv

v

«illier, 1939; Surns, 1961; Franchi, 1962).

‘t+ ig kxnown that gonads aré asymmetrical in most

anie Birds., This aqvﬂnetrv is esoec1allv notlceable in

camailos in which only the 1e$t ovary is functional, the

[ ek Q:e'beinq adzﬂﬂntarw\;izj reviews by Domm, 1939;

LA |

-rmTionnoven, 1961) . It has 4 been shown that this

yarmmetry is already ovident during the embryonic llge
san bofore sex differentiation (Swift, 1914, 1°15;

.

~, 1928; witschi, 1935: Venzke, 1954). There is a

<tz 3ifforence in the he eight of the germinal epithelium

1l

13 ema number of germ cells between the right and thé/f—s\>.

.7~ =2pnads. It has also been shown that the germinal

3

~alium of the right gonads starts to regress after

-=ia +*o present ochservations have shown that ultrastr-

favences between both sides can be observed

}

k]

]

"
{0

4
th

,feor the sixech day. Thus, at this age, *boursouflures’

scpeared to be more numerous in the left gonads and the

ining bodies were: consistently abseﬂt in the right

The most common explanationsfor’the atrophy of

»

“t cortex in bird embryos are either that the

. -~
P

(&4
Y
?

v

nt cof ex is 1nhe*ent1v deb1c1ent (WltSChL, 1935;

MRS

LAY

{1

3
-

\i}so see review by Domm, 1939) or that the right cortex

™

iaw (Wolff and Wolff, 1948). In agreement with
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siartaﬁgeéressing before the left side thus not allowing-
time for the stimulatory action of the estrogens secréted
b+ the medulla (Wolff'an¢ ﬁolff, 194B;fﬂolff ané Pinot,
1961), The present findings, showiné that the right‘
cortex does not form lining bodies,lwould.support the
first ~rhew. ﬁdditiqnal information.pn_this point has been
s:p?lied by ex_eriménts with estrogen stimﬁlation discu- - T
csed in the following section.

-"' ' —

‘2. ®ALE NF ESTROGENS IN THE DIFFERENTTATION OF -

THE SERMINAL EPITHELIUM. : ' )

Classical wozks (Wolff, 1947; Mintz and Wolff,

1032, 1954) have shown that the growth ané differentia-

tion of the ovarian cortex is dependent on some factor

~

secroted by the medulla. Since estrogens are capable of

simulating’ this action of the medulla on the cortex (Wolff

ani Ginclinger, 1835; Willier et al., 1935, 1937; Dantcha-
, 1935, 1936) it was concluded that the estrogens
Do ﬁhe-natural inductor of cortical differentiation
(Wolf and Haffen, 1951; Weniger, 1958a, b, 1961).

This asgumption has received addi;ional confir-
mation from the fgllowing.factsila) the syntﬁhsis of estro-
sens by the embryoﬁic ovary has beén demonstrated bio-

chemically (Gallien and LeFoulgoc; 57; Weniger and
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. . . ; ) . . . . .__‘.;; .
-aiss, 1971 ) and the site of synthesis has been 10'&%}zed :

b

c-ochemical techniques in ‘the nedulla (Narbaitz and

2amaeini, 1963a,b; Narbaitz and Kolodny, '1964; Chieffi et

.

 ias4: Boucek .ot al., 1966: Scheib and Haffen, 1967,

L4

1nE3, 1069). Wenimer and Zeiss {1971) have demonstrated

shne sk aStTOCQens are secreted by the undifferentiated

cronad oonotae sixth déf of ﬁncubatibh which 1is precisely'
ei s 17 2t which the lining bodies startrto appear in the
tese.:3l colls as shown in the present study.

?h§ ahawve conclusion sﬁq,ested tnhe need of esta- .
flisning if':hé appearance of the 1ining bodies was a di-

v se roGDONSEC SO estrogen stimulation. This guestioh ap-

-

W

sire =h ne negatively renlied by tie present experiments

i

wmisn snow that the early injections oI estroged are nel-
oo abie tc cause the appearance of 1ining bodies in go-

~5is fymhm embryos younger tnan five days nor cause an in-

~vaazge in their numbers at later ages.

Sincg“{he rate of_absqrption‘of estrogens at early

smes is not  known these experiments should Dbe considered

fi

«smeative. Especially so since they contradict earlier

~ e
P

'V

os s Dahl (1971) in the adult hen which showed that

«na lining bodles do increase with estrogen s;imulation.
varbaitz (1971) has éhOWn thét after estrogenic

a-imilation®the cortex of the genetical male left gonads

persists'ahd continues to produce lining bodies. The .
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crosent ster'ations have shown, in addition, that estro-

s~né are also capable of stimulating the appearance of

ining bodies in the right cortex which normally does not

far=' tham. The response of the right side is, however,

slawer *han the one of the left side since differentiation
v tining Bodies in stimulated right gonadst:does not oc- RS
cur ountill

1 the tenth day. This difference "in response would,

-

vler suppors the previously discussed idea of-an inherent

1]
y
e
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3
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nE NP DITUITARY IN THE-DIE‘FE.ENTIATION OF THE

Lt K F:
i et e e . G
FoTLLICU AR CEL . :

- . r

xperiments with partial decapitation ( hypopay-

-

seceormyl by Fugo (1940)° showed that sex éifferentiation .
~--:v5 in the absence of pituitary stimulation and similar

s~n-lusion has been reached by cultu:ing_undifferentiated E

:amads in synthetic medid ( Stenger-Haffen, 1957). Fugo
1u4% also observed that some influence of pituitary se-.
~vi*ian m»n conads is present after the thirteenth day. 'SL

. ;£ -
wover, this is true for <certain aspects of goradal diffe

~im-iation such as steroid secretion (Woods and Weeks, ;
19649 -hut not for others such as oocyte maturation (Fugo, |

Ad

1345; warbaitz and Adler, 19§6b). i . _ J

Since the first stages in the -differentiation of

LR 1

Allicular cells occur at an age in which the pituitary



s1s mot differentiated one must therefore assume that

~

(91
o}
23
s
rr
"

equire the stimulus of pituitary “hormcnes.

~he present axperiments showing that the lining *bodies

T
& '..,;f*

iveiat in owvaries of -newly hatched chicks culture in the

= . . >

’ * - - ‘LI‘J . e
sememotis  medium appear o indicate -that the control of
s piTuitary ?ifi}iig‘giiéeféntiation of follicular cells
S ?“‘_:nqﬁTFJS cither at the end of the embryonic period.

o =ko oadult hen, however, pDahl (1972) Has shown

“a e

.+ yyer hormones are capable of increasing the

ey

\ cv~iimrinn of lining hodies.
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The present thesis includes ultrastructural stud-

iaz ~n comparative and developmental aspects of ovarian . ’

ar coll differentiation.

- "=~ comparative studiles were carried oust in order to

b
th
Ui
0]
-
0
}J
w
[
(r

ransoorting organelles such as

- -

em g described in hird ovaries- as lining bodies or tran-
s-en—ns wore also present in the ovariles of two other

sereshrase 2rouds producing neavv-volke. eggs. As’a result

-4 wmoge gtudies 1t was established: P

, rounded or norse-shoe shaped transosomes, 7

-

Cmmmgeivaend by two thick membranes separated by a material

-~ lmager-density, were observed in the follicles of the

o ——

~ir-lc rPseudemvs scripta. These organelles probably -are

he transosames oOrX the lining bodies descr- _

>
~ ehe bird ovaries. They differ morphoqulcally
fem- sthem in that they are much smaller in size and in

«m1v no granules are present On their inner rembranes.

. : - - v g c
v~ ~n=narable orcanelles were observed in the owvaries oI

W - - . ' o —
zcnidna. .. . .

fact that lining bodies OT transosomes are

e
n

13

=

L . S - - v s
1afae and very complex in the hen 1n which the rate of

volk sroduction is very high, that they are smaller,

. r )

- . .
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simsler and less numerous in the turtle which produces

towor and smaller eges and that they are absent in other

uereelrate Grouwns {including the presently studied echi-

inyt in which the rate of production of volk by the oocyte

r, supphris the idea suggested by several authors

theirn

sense that - .main function is related to-
1oLl logeonesis, L . ,
- _ :
' 2. X8 a part of the comparative study, additional
~recrvatinng on adult hen ovaries were made. It was shown
«+3+ +hme Trancles oresent in the fining wodies are partly

~his fact, together with the

rolationship of some lining bodies with the
. . rl N

177 endoolasmic geticulum, tends to support the view

ribosomal in nature. Thelr passage

to oocvtes may constitute a transfer

_~7 inisrmation. widefinitive answer. to the gquestion, of

~rhidna, the uleras ructural details on the ovaries of

H
ﬁ:r:holocy,ofufolliclﬁs.
g1y

.‘

{

»

cv.. fumction of lining bodies would require biochemical .

_orcanelles isolated by differential centri-

N

31 In addition to the informatidn on the existence

-5 +ramcosomes in the turtle and their absence in the

....... two species sup lied interesting detaids of the

>
by

Since no ultrastructural study

]
b
i h
O
ty

en made previou in other species of Chelonia

L

128

-



'..")“1

-

— e

——ea

4]
T

xXe

-ructural level, of the accepted prlrcxple of blsexual

vegotremata, the'bbtained information is of particular
-re t to»comparative morphologists. Among the numerous

:1s an alyzed +he cdemonstration of extracellular

ucqen observed in Pseuderys is particularly intriguing.

s;_res.s uptake by the oocytes.

re ﬂe"elopne tal aspects analyzed in this the315, were

re¢.ocut in chick embryos ané were desxgnec to est tablish

B

aze of appearance of lining bodies in the ovaries. It

srown that lining bodies are. already present in the cor-

.1 cpithelial cells in the first stages of ovarian dif-

cion. This fact indicates that cdifferentiation of

iar cells starts at that age. Surorisingly enough,

o~

, ~ining- ‘odles were also found in the ‘cortical zone of
iferenti ated gonads ‘rom both male and ‘emale embryos.

addivtion to satzs y the orlgxnal purpose o‘ the inves-

©

avion, which washto establish the age of appearance of

ng bodies, the study supplied interesting informatior

ing upcn the cprrent theor;es of gonadal differentia-
/

*

1. The cortiéélloriéin of the follicular cells

crnfirsied. L

L]
2.\The present observation on the presence of li-

rodies /in undzf‘erentlated gonads of- both’ genetlcal

s, cchstituted the fxrst demonftratlon, at the ultra-

f' '\. . -

B

o

-

K]
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, . .
2t of the undifferentiated vertebrate gonad
3. ~he absence of lining bodles in tHe cortex of ]
+isne gonads supplied an ultrast:uctural evidence ¢f the
\ Ct ' . ;
Jodacsive diff Qﬂtlatlon of this cortex; this pbserva-‘
-i+n contributes to _the understanding of the ‘act thas ' .
.n most birds, ovarian cortex $=?% not develop usually
c= ewo riche side. - . ‘ ‘ : _ C s
] i.- The possibility that the fdrmation of lining
. 4/
~~iips  in the enmbryonic conads may be cdue to a u*~ect .o
cosp~nes te ostrogen stimulation was lnvesulcated and
1ot oAzt ogince early jections of estrogen failed o '
b 'y
sai¢es the appeara co. of these orcanclles in gonads from
~tyeas vounger than five davs and to cause an increase
o +t...r number at later ages. The estrogens were, how-
. -7, macable of s lating the appearance of lining
.. iiax in the right gonadal cortex which usually does
s oee foym them. } '
) . e . P (
° ~ 5& The eclectron ﬂ*C'OSCOPical study of portlions
3 ) ‘
~¢ lafe ouaries cult;red on a purely s"nthetlc med 1um
ar~wod that nre-follic lav ce’ls contlnue to form llnan
i ading in witro. This fact appears to 1nd1cate that extras
1~nadal hormonal stimulat*on'(qonadOtIOPhlnS3 is not
reauived for thelr differentiation. - .
mhe function of lining bodies during the embr-
of the action

6.
s unclear. An analysis

wfnic period remain




N

< . - .
c ‘ .

.

'n

ractions isolated by. differential. centrifu- - ™

=5 7, S .
adult-ovaries and tesfed in vivo and/or 1in

erentiating embrvonic gonads appears as a

1~zizal approach to the solution of thig 'question. -
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