
MORPHOLOGY, HISTOCHEMISTRY AND BIOCHEMISTRY
OF FOLLICULAR GROWTH AND ATRESIA

S. S. GURAYA

Department of Zoology,
College of Basic Sciences and Humanities,

Punjab agricultural University,
Ludhiana, Punjab (India)

SUMMARY

Structure, function and interrelationships of various components of primordial and growing »
follicles have been determined by correlating the results of recent histochemical, biochemical
and electron microscope studies on follicular growth. Various morphological, histochemical and
biochemical alterations, which occur during follicular atresia, are related first to the disruption
of normal interrelationships among various components of follicle and then to their digestion and
resorption in later stages of atresia. The most important significance of follicular atresia is the
formation of ovarian interstitial gland cells from the theca interna and surrounding stroma of
atretic follicles, which may secrete either androgens, or oestrogens, or progestogens depending
upon the mammalian species. Their steroidal secretions must be of great significance in the repro-
ductive processes of female and continued researches in this area are needed.

INTRODUCTION

Follicular growth and atresia have been the subjects for several recent ultra-
structural, histochemical and biochemical studies. The purpose of this paper is to
integrate these results for a deeper insight into the structure, physiology and inter-
relationships of various components of follicle.

I. - PRIMORDIAL FOLLICLES

Primordial oocytes remain in an arrested meiotic prophase for a long time in
the ovarian cortex (MAUUSON, i969). Various ooplasmic structures such as yolk
nucleus, granular basophilic substance, mitochondria, and lipid bodies, form a juxta
- or paranuclear complex which is usually designated as the Balbiani’s vitelline



body or yolk nucleus complex (GURAYA, ig64, zg65, 1967 a, b, 1968 a, b, 197o a, b, c).
Electron microscopic studies have revealed a rather simple large paranuclear aggre-
gate of vesicles or saccules interpreted as a large Golgi complex or cytocentrum
(HADEK, i965 ; STEGNER, ig67 ; HERTIG and ADAMS, ig67 ; HERTIG, i968 ;
NORR!VANG, ig68), which is identical to the yolk nucleus of histochemical studies.
The relation of yolk nucleus consisting of RNA, protein and lipoprotein, to the Golgi
complex is still unknown in the mammalian oocytes (HAD!IC, i965). Granular baso-
philic substance consisting mainly of RNA, protein and some lipoprotein, along with
mitochondria, is uniformly distributed throughout the cytoplasm and corresponds to
the ultrastructural RNP particles or ribosomes, and various profiles of endoplasmic
reticulum (ADAMS and HERTIG, Ig64 ; HADEK, Ig65 ; STEGNER, Ig67 ; NORREVANG,
ig68). Sparsely distributed mitochondria having usual phospholipid-protein compo-
sition, show a great diversity in their ultrastructure (fig. i). Phospholipid bodies of
variable size and morphology usually lie in association with other cytoplasmic
components and in the peripheral ooplasm where they may be associated with
pinocytotic vacuoles. In electron microscopic studies, they appear to have been
either missed, or described by different names (see GURAYA, 1970 b).

Primordial oocytes of human and chimpanzee also contain masses of stacked or
concentric annulate lamellae, and heterogeneous spherical bodies (or ultrastructural
large compound aggregates) (HERTIG and ADAMS, ig67 ; HERTIG, zg68 ; GURAYA,
1970 a ; BARTON and HERTIG, ig72). They consist of RNA and lipoprotein. Sphe-
rical bodies consisting of RNA and lipoprotein in young women undergo fatty
metamorphosis by developing phospholipid-triglyceride granules in women in their
middle reproductive years, suggesting that human primordial oocytes become aged
in terms of somatic cell life (GURAYA, 1967 a, 1970 a).

The chromosomes in the nucleus of primordial oocytes develop the configuration
of lampbrush and act as a site for the synthesis of RNA and proteins (fig. i) (see
references in BAKER and FRANCHI, 1967 a, b, zg72). Ribonucleoproteins demonstra-
ted histochemically in the ooplasm and its organelles must be derived from the
lampbrush chromosomes. Their transference into the ooplasm may be facilitated
by the development of pores or annules in the nuclear envelope (fig. z). Even some
cytoplasmic inclusions originate from the nuclear envelope during early growth
and differentiation of primordial oocyte (BAKER and FRANCHI, ig6g ; BAKER, 1970) ;
the process of blebbing involved in their formation may also help in the transfer
of informational macromolecules from nucleus into the ooplasm. BAKER (1970) has
suggested that small primordial oocytes utilize some of their RNA as messenger
for protein synthesis by ribosomes in the cytoplasm.

Mitochondria, phospholipid bodies, Golgi complex, granular endoplasmic reti-
culum and free ribosomes are seen in follicle cells of primordial oocytes (fig. I)
Phospholipid bodies associated with vacuoles may be taken up by a phagocytic
mechanism at the oocyte surface (GURAYA, 197o a, b, c). The presence of similar
phospholipid bodies in the ooplasm, follicle cells and surrounding stromal cells

clearly suggests some close functional interrelationships between them (GURAYA,
1970 a). Primordial oocytes are metabolically active as also supported by the conti-
nuous synthesis of nuclear ribonucleoproteins in them irrespective of whether the
nuclear configuration of the diplotene or dictyate type (ROVnRsi and SII,VESTRINI,
ig63 ; OAKB!RG, zg66 ; BAKER et al., 1969).



II. - FOLLICULAR GROWTH

A. - Sites of steroidogenesis

Theca interna or granulosa or both are believed to constitute sites for steroido-
genesis.

a) Theca interna.

Vascularized theca interna cells develop the ultrastructural, histochemical and
biochemical features of steroid-secreting cells (see CuRisTENSEN and GI!,IM, ig6g ;
GURAYA, 1971 a, 1972 a, b for discussion). These features are : a) abundant diffuse
lipids (lipoproteins) in the cytoplasm, which apparently derive from abundant
ultrastructural agranular endoplasmic reticulum; b) well-developed cell organelles,
especially mitochondria with complex system of internal cristae ; c) development
of diffuse lipoproteins (or agranular endoplasmic reticulum), closely accompanied
by the appearance of enzyme activities indicative of steroidogenesis ; d) under
certain physiological situations stored lipid droplets in the cytoplasm, which greatly
vary in their amount and histochemical composition in different mammalian species,
and consist of either phospholipids, or phospholipids, triglycerides or phospholipids,
triglycerides, and cholesterol and/or its esters ; and e) capacity to form steroid
hormones in biochemical experiments in vitro. In general, the results of cytological,
histochemical and biochemical studies agree well with each other and are compa-
tible with the endocrine function of theca interna cells. Species variations in regard
to the development of these features, seem to be quantitative rather than qualitative
in nature. Since oestradial-I7p and oestrone are considered to be the major radio-
active products formed from acetate-I-14C and other labelled precursors by antral
follicles (see GURAYA, 1971 a), such steroids must also be secreted in vivo by the
theca interna.

b) Granulosa cells.

Granulosa cells of growing follicles develop the ultrastructural and histochemical
features of actively growing and protein-synthesizing cells (fig. 2) (see GURAYA,
1971 a ; JACOBY, 1962). These features are : a) abundant RNA in the cytoplasm,
which derives from free ribosomes and granular endoplasmic reticulum; b) well-
developed Golgi complex, and mitochondria with simple system of internal cristae ;
c) sparsely scattered phospholipid bodies of variable size and shape, which are very
similar to those of growing oocyte and are not preserved well in electron microscope
preparations ; d) well-developed nucleoli and heterochromatin masses in the nucleus
(fig. 2) ; and e) lack of abundant diffuse lipoproteins (or membranes of smooth reti-
culum) (fig. 2) and their associated enzyme activities indicative of steroidogenesis.
Various enzymes such as acid phosphatase, alkaline phosphatase, nucleoside mono-
phosphatase, glycolytic enzymes, enzymes of citric acid cycle etc., showing several
species variations, have also been reported in the granulosa cells (see JACOBY, 1962 ;
ADAMS et al., ig66 ; BRANDAU, 1970 for discuss on). These various features show



that the granulosa cells in vivo are indeed metabolically active, this activity is

clearly indicative of protein rather than lipid (or steroid) synthesis. The steroid
metabolism in in vitro biochemical experiments by the granulosa cells has been
studied in some investigations and valuable information has been obtained on
steroid biosynthesis in these cells (see GURAYA, 1971 a, Ig72 a for discussion). These
studies, however, appear to express biochemical potentials of granulosa cells and
not necessarily their secretory activity in vivo.

B. - Oocyte growth

a) Organelles.
With the initiation of growth in primordial oocyte, the paranuclear complex

of organelles forming Balbiani’s vitelline body moves away from the nuclear envelope
to become distributed in the outer ooplasm (fig. 2) (GURAYA, Ig64, 1965, 1967 a, b,
Ig68 a, b, 1970 b, ig!2 c) ; simultaneously the yolk nucleus fragments. Further oocyte
growth shows proliferation and accumulation of yolk nucleus (or Golgi) derivatives,
mitochondria, granular basophilic substance (or ultrastructural free ribosomes and
profiles of endoplasmic reticulum) and heterogeneous phospholipid bodies of variable
size in the cortical ooplasm (fig. 2) (see also HADEK, 1965 ; STEGNER, 1967 ; NORRE-
VANG, 1968). Systems of cytoplasmic membranes and mitochondria show a great
diversity in their development and structure in the growing oocyte of different mam-
mals (HADEK, Ig65 ; STEGNER, Ig67 ; HORREVANG, Ig68 ; GURAYA, 1970 b). The
oocytes of ruminants show very unusual mitochondria having a ‘ rod-like ’ appen-
dage (SENGER and SAACKE, Ig70 ; FLEMING and SAACKE, Ig72). The close morpholo-
gical relationship of mitochondria with the RNA-containing basophilic substance
(or ultrastructural endoplasmic reticulum and ribosomes) or &dquo; intermitochondrial &dquo;

substance during the oocyte growth suggests a functional relationship between them
which may be involved in protein synthesis or mitochondrial multiplication. Besides
the usual organelles, some workers have also described cytoplasmic filaments or
fibrous material in the oocytes of some mammals (see ODOR and BLANDAU, Ig72).

Phospholipid bodies associated with pinocytotic vacuoles in the peripheral
ooplasm are apparently transported from the follicle cells of growing oocyte, which
also show similar lipid bodies (GURAYA, 1970 b, 1972 c). Heterogeneous phospholipid
bodies, which form the most prominent feature of growing oocyte, have either been
missed in electron microscope studies, or they correspond to the vesicular conglo-
merates ’ or multivesicular bodies.

b) Cortical granules.
Cortical granules originate in the peripherally located Golgi masses or yolk

nucleus derivatives of growing oocyte (SZOI,LOSI, Ig67 ; BACA and ZAMBONI, Ig6!).
They consist of carbohydrate-protein complex (GURAYA, 1969 a ; FLÉCHON, I97o).

c) Deutoblasmic inclusions.

Deutoplasmic inclusions occur in the form of yolk vesicles and lipid yolk granules
which show several variations in their development in different mammals (GURAYA,
1959, 1960, 1964, 1965, 1967 a, b, 1968 a, b, 1969 b, 1970 b, Ig72 c). Wherever they



are formed, the exact mode of their formation is still not known. Yolk vesicles in
the oocytes of rat, hamster and primates including human, do not show any appre-
ciable development of yolk material in their inside. They have not been much
studied by electron microscopists (see HADEK, Ig65 ; NORREVANG, Ig68). However,
the corresponding yolk vesicles in the oocytes of some mammals develop variable
amounts of yolk material consisting of carbohydrate-protein complex (see GURAYA,
197o b ; NORBERG, Ig72 ; FLEMING and SAACKE, Ig!2). Lipid yolk granules consisting
mainly of phospholipids, also show several variations in their development in the
oocytes of different mammals (GURAYA, 1970 b). FLEMING and SAACKE (1972) have
observed a very close association of endoplasmic reticulum and mitochondria to
the surface of lipid droplets in the cow oocyte. The exact physiological significance
of these variations in the development of deutoplasmic inclusions in mammals is
still not known. Wherever present, they could be important in providing nutrients
for the final maturation and fertilization of the oocyte as well as development of
the very early embryo. Ooplasmic organelles, ribonucleoproteins, and deutoplasmic
inclusions formed during oocyte growth are rearranged to form conspicuous gradients
in the ooplasm of the fully grown egg, which may be playing some important role
in cell differentiation by influencing the nuclear and gene activity (see GURAYA,
1972 c). It is becoming increasingly clear that a large proportion of RNP produced
by the lampbrush chromosomes of growing oocyte is stored in the cytoplasm and
its organelles (DAVIDSON, I968 ; BURKHOLDER et al., Ig7I ; GURAYA, 1972 c).

d) Zona pellucida and roles of gyanulosa cells.

Follicle cells or oocyte or both are believed to be involved in the formation of
zona material (see STEGNER, Ig67 ; NORREVANG, Ig68 ; BAKER, 1970). Our recent
studies have not revealed any special ultrastructural formations in the ooplasm
adjacent to the developing islands which can be correlated to the origin of zona
material (fig. 2). However, a careful examination of follicle cell cytoplasm, especially
of processes, reveals the presence of some flocculent and fibrillar material which is

apparently similar to that of zona (fig. 2), indicating the role of follicle cells in the
formation of zona material. It appears to me that the oocyte surface simply acts
as the site for the polymerization and deposition of zona material which consists
of carbohydrateprotein complex.

Corona radiata cells and other granulosa cells apparently contribute phospho-
lipid bodies, glycogen, and possibly some ribonucleoproteins to the growing oocyte
(see GURAYA, 1969 b, c, 1970 b, 1972 c ; WIMSATT and PARKS, Ig66 ; BAKER, 1970).
The exact mechanisms of their transference from corona cells into the oocyte are
still not known. Diffusion, pinocytosis, phagocytosis and phosphatases are believed
to play significant roles in this regard since there is no direct cytoplasmic continuity
between follicle cell processes and oocyte (HADEK, 1965 ; ADAMS et al., Ig66 ; NORRE-
VANG, Ig68). Cells forming the cumulus and corona radiata under the normal pre-
ovulatory stimuli undergo some change (NORMAN and GR!ENWAI,D, 1972), the
nature of which is still not known. FOOTE and TmBAULT (Ig69), using in vitro tech-
niques, have shown that nuclear maturation of oocyte depends upon physiological
or mechanical isolation of oocyte from granulosa cells.





may also be accompanied by the premature nuclear changes of bizarre appearance.
As a result of various alterations in organelles, the whole living machinery of follicle
is gradually disrupted (fig 3-6), and simultaneously some new cellular components
namely lysosomes, cytolysosomes (or vacuoles) and myelin figures containing hydro-
lytic enzymes are developed to digest the various components of atretic follicle
(GURAYA, ig6g b) ; macrophages also play significant role in their digestion. With
the start of atresia, lipid droplets consisting mainly of triglycerides and some phos-
pholipids (fig. 3 to 6), and glycogen begin to accumulate in the granulosa and oocyte.
Species variations in regard to their amount commonly occur (fig. 3 to 6) and their
significance is not known. The development of cholesterol-containing lipid droplets,
diffuse lipoproteins and some enzyme activities indicative of steroidogenesis in the
granulosa of atretic secondary and tertiary follicles suggests that they apparently
undergo an incipient, non-functional luteinization in response to some luteinizing
factors which become available with the initiation of atresia ; the degree of their
luteinization seems to vary in follicles of different sizes under different physiological
situations. Granulosa cells of primordial and primary follicles appear to be relatively
more resistant towards atresia as in some mammals they continue to persist after
the disappearance of oocyte and form epithelial cords which may develop the
histochemical features of steroid-secreting cells (GURAYA, 1968 c). These differences
in the behaviour of granulosa cells in follicles of variable sizes during atresia in vivo,
as well as in vitro (ODOR and BLANDAU, 1972) clearly suggest that they undergo
some basic metabolic changes during follicular growth, apparently in response to
gonadotrophins and other environmental factors (see also CHANNING, ig6g, ig7o).

The granulosa cells and their lipid accumulations in atretic secondary and ter-
tiary follicles degenerate and disappear leaving behind their hypertrophied thecae
(fig. 3, 4), which finally form conspicuous patches of interstitial gland cells in the
ovarian stroma. In their center are seen, sometimes, the remnants of degenerating
oocyte and zona pellucida. The interstitial gland cells of thecal origin, develop
abundant diffuse lipoproteins and lipid dropets (fig. 3-6), intense alkaline phospha-
tase activity, and various enzyme activities indicative of steroidogenesis (see GURAYA
1971 a! 1973 a, b).

Significance of follicular atresia

Follicular atresia in the mammalian ovary is closely related to the formation
of its interstitial gland cells from theca interna and surrounding stroma of atretic
follicles (fig. 3, 4, 5, 6, 7), which form the most characteristic and important glan-
dular looking tissue whose presence has been demonstrated clearly in the ovary of
every mammalian species investigated (GURAYA, 1972 d) ; its presence has also been
shown convincingly even in the ovaries of non-pregnant women, rhesus monkey,
cow and buffalo (fig. 6) in which it was denied with routine histological techniques.
Although the interstitial gland cells greatly vary in their development and distribu-
tion in different mammalian species (fig. 3, 4, 6) as well as with the ovarian cycle
of the same mammal, they possess the cytological, histochemical and biochemical
features of well-established steroid-secreting cells such as luteal cells (see reviews
by GURAYA, 1971 a, 1972 a, b, 1973 a, b). Under certain physiological situations
(with low levels of gonadotrophins) they store lipid droplets (fig. 3-6), which consist



of triglycerides, cholesterol and cholesterol esters and phospholipids. In general the
results of ultrastructural, histochemical and biochemical studies agree well with
each other and are compatible with the endocrine function of ovarian interstitial
gland cells which are believed to form androgens, oestrogens and progestogens
depending upon the mammalian species (GURAYA, 1973 a, b).

Interstitial gland cells of thecal origin are of very transient nature in the ovaries of
some non-pregnant mammalian species (women, rhesus monkey, cow and buffalo) as
after persisting for some time in the wall of degenerated follicles (fig. 6) they gene-
rally revert to the relatively embryonic, compressed stromal tissue (fig. 7, 8), leading
to no accumulation in such ovaries. In the ovaries of other mammals showing a
considerable development of interstitial gland cells they begin to accumulate rather
than reverting back immediately to the original stromal tissue (fig. 3).

Since interstitial gland cells derived from theca interna of atretic follicles are
present from young to old age and show cycles of abundance and differentiation
correlated with the reproductive age and cycles, they seem to be the most important
ovarian gland cells when their function is fully understood. Their secretory products
may be of great physiological significance in the initiation of puberty and cyclic
ovarian activity in the female.

RÉSUMÉ

CROISSANCE FOi,I,ICUI,AIR! ET ATRÉSIE.
ÉTUDE MORPHOLOGIQUE, HISTOCHIMIQUE ET BIOCHIMIQUE

La confrontation des résultats obtenus en histochimie, biochimie et microscopie électronique
sur la croissance folliculaire permet de déterminer la structure et la fonction des divers composants
des follicules primordiaux et en croissance.

Les altérations morphologiques, histochimiques et biochimiques qui se produisent au cours
de l’atrésie, sont d’abord liées à la rupture des interrelations normales entre les divers composants
du follicule. Dans les stades d’atrésie plus avancée, on observe leur résorption.

Le résultat le plus important de l’atrésie folliculaire est la formation de la glande intersti-
tielle à partir de la thèque interne et du stroma qui entourent le follicule atrétique. Elle doit
sécréter, selon les espèces, des androgènes, des oestrogènes ou des progestines.

Ces stéroïdes doivent jouer un rôle très important dans la reproduction de la femelle et
méritent donc des recherches ultérieures.
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