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Morphological and histoehemical changes in the follicular
epithelium during follicular growth in the crow Corvus splendens
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Department of Zoology, Punjab Agricultural University, Ludhiana 141 004, India
MS received 16 May 1979
Al~atraet. Morphological and histochemical changes in the follicular epithelium
have been studied during folliculogenesis in the crow (Corvus splendens) ovary. The
follicular epithelium is single-layered in primordial and early previtellogenic, pseudostratified in late-previtellogenic, multilayered in early vitellogenic and again becomes
single-layered in late-vitellogenic oocytes. Two types of follicle cells have been
distinguished on the basis of their structure and cytochemical properties. Some of
the follicle ceils separate from the follicular epithelium and invade the ooplasm where
they seem to be reabsorbed by the latter. The amount oflipids and proteins increases
in the follicular epithelium as the oocyte grows. Simultaneously the nature of lipids
and proteins changes, as revealed by various histoehemical reactions. The follicular
epithelium, at all stages of follicular growth, shows moderate reactions for acid phosphatase and NAD-diaphorase. The significance of the structural and histochemical
changes in the follicular epithelium during oogenesis have been discussed.
Keywords. Bird ; follicular epithelium; histochemistry; morphology;
dens; crow.

1.

Corvus splen-

Introduction

The follicular epithelium in the bird ovary has been considered to be pleuristratitied
(Brarnbell 1926) or pseudostratifled (Wybum and Baillie 1966; Kern 1972) or single
cellular layer (Marza and Marza 1925). Previous electron microscopic studies
have demonstrated that the follicle cells in the bird ovary are specialised for protein
synthesis (Bellairs 1965 ; Peel and Bellairs 1972) whereas the histochemical studies
have suggested that they are involved in steroid synthesis (Chiefli and Botte I965;
Boucek and Savard, 1970). Most of the previous work is confined to the ovarian
changes in fowl but little is known about the sequential morphological and histochemical alterations in the follicular epithelium during oocyte growth in wild bird
species. Thus the present study attempts to reconcile the conflicting views on the
morphology and functions of follicular epithelium during oocyte growth in crow
(Corvus splendens).
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2.

Materials and methods

Female specimens of crow (Corvus splendens) were obtained by shooting throughout
the year at weekly intervals. Mature birds were available only during summer
months because of their seasonally breeding behaviour. The ovaries were immediately fixed in various fixing fluids and subjected to histochemical tests as desoribed
in table 1. For the histochemical study of lipids and enzymes, the frozen sections
were used, whereas for proteins and nucleic acids paraffin sections were used after
dehydration. For histological examination, the paraffin sections were stained with
iron haematoxylin and eosin-haematoxylin techniques (Humason 1972). The
different-sized oocytes were classified as follows:
Primordial ooeyte -- 0" 035 to 0" 05 mm in diameter, lying quiescent in the oocyte
nest.
Previtellogenie ooeyte - - 0 . 0 5 to 0.70 mm in diameter, scattered in ovarian
stroma, represents the slow growth phase.
Vitellogenic oocyte -- 0.70 to 3.0 mm in diameter, present in the periphery of
the ovary below the surface epithelium, ooplasm contains yolk vesicles.
Thickness of the follicular epithelium at different stages of growth was measured
and plotted against the oocyte diameter, as demonstrated in figure 1.
3.

Results

3.1. Morphological changes
The follicular epithelium of primordial oocyte is constituted by 8-10 follicle cells.
Each follicle cell contains spherical nucleus with one nucleolus and distinct chromatin clumps. With the growth of oocyte, the number of follicle cells increases
by mitosis and meanwhile they become columnar (figure 2A). During later stages
of previtellogenesis the follicular epithelium appears pseudostratified (figure 2D)
and then it becomes multilayered during early vitellogertesis (figure 2E). Simultaneously, it also attains maximum thickness (figure 1). Two follicle cell types
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Figure 1. Relationship of oocyte diameter and thickness of follicular epithelium,
Each point is taken as a mean of ten measurements.
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Figure 2. Morphological changes in the follicular epithelium during different stages
of oocyte growth. A, columnar follicular epithelium of early-previtellogenicfollicle
having hypertrophied cell; B, columnar epithelium having dark and light cells; (2,
follicular epithelium from vegetal pole (a) and the animal pole (b), perivitelline space
of vegetal pole contain abundant granular material (arrow); D, pseudostratified
follicular epitheliurc of late-previtellogenic oocyte; E, multilayered follicular epithelium of late-previtellogenic oocyte; F, villus of follicle cells invading ooplasm, arrow
indicates the detached group of cells in the ooplasm; G, single-layeredepithelium of
large vitellogenic oocyte.
i.e., the light and dark cells described previously (Guraya 1976) have also been
observed in the ovary of crow (figure 2B). The number of dark cells is relatively
less than that of light cells. They disappear before the onset of vitellogenesis.
Dark cells differ from light ones by their protein-rich cytoplasm. However, no
difference is observed in the amount of lipids.
The light cells resemble in their cytological features with the comparable cells
of other species (Guraya 1976). Another type of light cells wflh large cell volume
and hypertrophied nucleus has been observed in crow (tigure 2A) but these cell~
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are not distinguishable in later stages of growth. The multilayered follicular epithelium of early vitellogenic follicles at some sites shows some protuberences into
the ooplasm (figure 2F). These structures appear to detach from the follicular
epithelium since groups of few cells are seen in the ooplasm (figure 2F).
In some cases, the follicular epithelium of the same oocyte varies in its thickness.
The region of follicular epithelium nearer to the germinal vesicle is relatively lhin
than the rest of it (figure 2C). Distinct masses of granular material resembling the
cytoplasm of follicle ceils in its cytochemical properties are observed below the
follicular epithelium in perivitelline space (figure 2C). During later stages of vitellogenesis the follicular epithelium decreases in its thickness (f/gure 1) and becomes
single layered (figure 2G).
3.2.

IIistochemical changes

The details of histochemical reactions of follicular epithelium during different stages
of oocyte growth are given in table 1. The cytoplasm of follicle cells of the primordial oocyte contains lightly staining basophilic material whose staining intensity
increases with the oocyte growth. This consists mainly of RNA and proteins as
indicated by its affinity with basic dyes. The nature of proteins in follicle cells
changes during folliculogenesis as evidenced by the alterations in their staining
intensity with mercuric bromophenol blue at different pH levels. The follicular
epithelium of primordial oocytes stains maximally at pH 7.0 whereas those of
previtellogenic and vitellogenic oocytes at pH 5.0 indicating the accumulation of
acidic proteins during the process of oocyte growth. Like proteins the amount
oflipids also increases with the increase in the follicular size. They consist mainly
of triglycerides and phospholipids; diffuse sudanophilia due to lipoproteins has
also been observed. Cholesterol-positive lipid granules have only been seen at the
vitellogenic phase.
The follicular epithelium reacts negatively to alkaline phosphatase,/k~-3fl-hydroxysteroid dehydrogenase and NADP-diaphorase at all stages of follicular growth.
However, moderate acid phosphatase, and NAD-diaphorase activities are seen.
4.

Discussion

Follicular epithelium shows conspicuous morphological and histochemical changes
during sequential phases of follicular growth in the crow ovary. Four morphological forms of follicular epithelium corresponding to the stages of folliculogenesis
have been observed, it is single-layered in primordial and early previtellogenlc,
pseudostratified in late-previtellogenie, multilayered in early-vitellogenlc and again
single-layered in late-vitellogenic follicles. Occurrence of multilayered follicular
epithelium before the phase of intense yolk deposition has also been observed in
fowl (Brambell 1926). Therefore, the formation of mukilayered follicular epithelium
prior to yolk deposition in birds is due to the accumulation of large number of
follicle cells needed to form a single-layered follicular epithelium of rapidly growing
exceptionally large egg.
During previtellogenesis groups of follicle cells detach from the follicular epithelium and descend into the ooplasm. Such phenomenon has not been reported
previously in other bird species. However, these types of invading follicle cells
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have been observed in lizards (Guraya 1969). The fate of follicle cells in the
ooplasm could not be determined, probably their contents mix with the ooplasm
which may serve to supplement the ooplasmic elements. Earlier studies have
shown that some components such as Golgi bodies (Brambell 1926) and proteins
(Peel and Bellairs 1972) are transported from the follicular epithelit:m to the ooplasm
before the onset of yolk deposition. But in crow oocyte follicle cells rr_ove as such
into the ooplasm probably to meet the increased metabolic needs of the growing
oocyte.
The differences in the size of follicle cells as observed in the same follicle indicate
their differential activity regarding synthesis and transportation of substances into
the ooplasm. The cells of follicular epithelium situated at vegetal pole appear
to be more active than those of animal pole. Occurrence of detached cytoplasmic
blebs in the perivitelline space of vegetal pole further indicate that the ceils of this
region contribute substances to the ooplasm at a higher rate than at the animal
pole. Daring previtellogenesis, two ~ypes of follicle ceils have been distinguished ;
the dark cells because of their irregular shape and dense cytoplasm have been considered as degenerating. The reason of their degeneration is unknown. Similarly,
the exact function of large light cells is not known; probably contrary to dark
cells they are metabolically more active than the normal light cells.
Histochemical characteristics of follicular epithelium have shown progressive
increase in the amount of lipids and proteins throughout the follicular phase which
are ultimately transported to the ooplasm. Cholesterol was not observed during
early stages of growth but appears in the follicle ceils of vitellogenic oocyte. It
probably represents only a phase of passage of this substance for yolk formation
from the theca interns to the ooplasm since no /k~-3fl-HSDH activity has been
seen during this phase. The basophilic material (RNA and proteins) of follicle
cells continues to increase with the oocyte growth, corresponds to the well-developed
endoplasanic retict:lum and many free ribosomes (Gorbik 1975). The presence of
acid phosphatase can be attributed to the transport of substances through the
follicular epithelium. In contrast to previous observations on fowl (Chiefli and
Botte 1965; Boucek and Savard 1970), no cytochemical feature related to steroidogenesis has been observed in the follicular epithelium of maturing follicle.
5.

Conclusions

The follicular epithelium shows conspicuous structural changes which are related
to the accumulation of substances in the ooplasm during different phases of growth.
Histochemical tests have revealed that the follicular epithelium of crow is not
steroidogenically active rather it appears to be involved in protein synthesis and
transportation of substances to the ooplasm.
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