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Histochemical distribution of tetrazoUum reductases, dehydrogenases
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Abstnct. The comparison of the histochemical features of the follicular wall in normal
and atretic follicles of corresponding stages in the ovaries of Indian gerbil Tatera indica
revealed conspicuous changes in amount of lipids and activities of NADH· and NADPH
tetrazolium reductases, A"1j3-bydroxysteroid dehydrogenase and 17Cl-hydroxysteroid dehydrogenase and succinate- and lactate dehydrogenases in the granulosa layers during
follicular growth and atresia. The thecal layers showed a progressive increase in their
amounts during follicular growth and these enzymes are not affected significantly by atresia.
Atresia resulted in increased amountsoflipids in the granulosa cells and decreased activities
of succinate- and lactate dehydrogenases and NADH· and NADPH tetrazolium reductases
during latter stages of degeneration.

Keywords. Atresia;dehydrogenase;follicle;granulosa;lipids;NADH·andNADPH-tetramlium
reductases: thecal layer ; Tatem indica.

1. Introduction
Mammalian follicular wall consisting of thecal and granulosa layers undergoes
conspicuous morphological, histochemical and biochemical changes during the normal
process of follicular growth (Guraya 1973a; Bjersing 1978)as well as during atresia
(Guraya 1973a,b; Byskov 1978).Theca intema at all stages of follicular growth shows
ultrastructural and histochemical features of a typical steroidogenic tissue (Guraya
1973a, 1980; Bjersing 1978) and seem to form a major source of follicular steroid
hormones (Fortune and Armstrong 1977; Bohr el. a/1980). The granulosa cells of
growing follicles do not show such characteristics related to steroidogenesis, but
develop some degree of luteinization in the large preovulatory follicles (see Bjersing
1978).These studies indicate that the steroidogenic character of granulosa cells vary
in growing and mature follicles and also under different physiological situations
(Pupkin et a/I966).
Though there are a number of reports dealing with distribution of lipids and
enzymes related to steroidogenesis and the general ovarian metabolism in different
ovarian compartments (Hoyer 1980; Guraya 1980), only a few deal with their changes
during stages of follicular growth and atresia, particularly in seasonally breeding wild
species of mammals. Remarkable changes occur in the ovary of wild rodents during
different seasons; winter ovary is usually inactive and reduced while that of summer
is active (Guraya and Gupta 1979). Therefore, the active summer ovaries of the
Indian gerbil Tatera indica were subjected to various histochemical tests for lipids
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and enzymes related to carbohydrate metabolism and steroidogenesis to reveal
changes in follicular wall during growth and atresia.

2. Materials and methods
The ovaries of sexually mature Indian gerbil rat Tatera indica Hardwicke were used.
The rats were collected by trapping from the·field areas of Ludhiana from March to
July the period of their breeding activity. Fresh-frozen cryostat sections (12-14 um
thickness) were placed on coverslips, thawed and kept at room temperature for
10-15 min before incubation in different media for the localization of NADH- and
:rable 1. . Histochemic~ localization of lipids, tetrazolium reductases and dehydrogenases
10 the folhcular wallduring growth and atresia of follicles and interstitial gland tissue in the
ovary of Tatem indica.
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tetrazolium reductases, hydroxysteroid dehydrogenases and succinateand lactate dehydrogenases (table 1). For the localization of enzymes tetrazolium
salt procedures along with controls were followed (Lojda et aI1979). Some sections
of each batch of the ovarian material were fixed in formaldehyde-calcium and
aqueous Bouins fluid. These were stained with Sudan black B (SBB ) and Schultz test
(Pearse 1968) for localization of general lipids and cholesterol respectively. The
amounts of lipids, cholesterol and diformazan precipitates in the sections were
evaluated on a 0 to 5 scale (table 1) by a single observer.

NADPH-

3. Results
The histochemical localization of lipids and enzymes has been studied in the following
stages of follicular growth and in atretic follicles of the corresponding stages.
Stage I
Stage II
Stage III
Stage IV
Stage V

- Preantral follicles with few to many granulosa cells arranged in a single
layer.
- Preantral follicles with 2 to 3 layers of granulosa cells.
- Preantral follicles with 4 and more layers of granulosa cells.
- Follicles with incipient antral formation as indicated by series of isolated
lacunae.
- Antral follicles with a single large antrum.

The results of histochemical reactions in the thecal and granulosa layers of normal
and atretic follicles of different stages are summarized in table 1. For the comparison
of histochemical.reactions (presented in table 1) between the follicular wall of
normal and atretic follicles,the atretic folliclesshowingsome degree of morphological
identity of their follicular layers were considered. Changes during latter stages of
degeneration were more drastic as the granulosa cells disappear and are replaced by
lipid accumulations (figures 15 and 16).
3.1

Tetrazolium reductases

Both NADH- and NADPH· tetrazolium reductases show similar pattern of staining
reactions in normal and atretic follicles of different stages, but the latter show
relatively lesser activity. The thecal layer continues to show similar staining reaction
in all stages of follicular growth but a notable increase occurs in the atretic follicles of
corresponding stages (table 1).
A gradual increase in the activity of tetrazolium reductases occurs during the
organization of single-layered granulosa layer as well as during subsequent stages of
follicular growth (figures 1 to 4). The inner layers of granulosa in stage II normal
follicles contain relatively more activity than its outer layers (figure 3). During
further growth, some stage IV follicles show more NADPH· tetrazolium reductase
activity in the middle layers of their granulosa (figure 4) while others show both
NADH- (figure 5) and NADPH· tetrazolium reductases (figure 6) in the outer layers.
In contrast to the thecal layer, the granulosa shows a marked decrease in enzyme
activities in atretic follicles which disappear completely during latter stages of atresia.
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Figures 1-8 (See captions on p.12S)
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Figures 9-16 (See captions on p. 128>
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Succinate and lactate dehydrogenases

With follicular growth.succinate- and lactate- dehydrogenases increase both in the
thecal and granulosa layers. The outer layers of granulosa cells in normal growing
follicles show more activity than the inner layers (figures 7 and 8). LDH tends to show
more activity in the middle granulosa layers of some follicles (figure 9) than in their
innermost layer (figure 10).Atresia greatly decreased the activity of SDH in granulosa
cells (figure 14) with little or no change in LDH at an early stage of degeneration
(figure 13): During latter stages of degeneration weak LDH activity occurs in the
granulosa cells of atretic follicle (figure 13) but SDH disappears completely
(figure 14).Atresia has no effect on the SDH and LDH activities in the thecal layers.
3.3 Steroid dehydrogenases

Theca intema of normal follicles shows continuous increase in enzyme activities of
AS'36-hydroxysteroid dehydrogenaseI AS-3J3-HSDH ) during folliculargrowth. Granulosa
cells in large follicles of stages IV and V show some activity of A5.3~- HSDH when
dihydroepiandrosterone ( DHA ) was used as substrate but no visible activity appears
with pregnenolone (table 1). Granulosa cells in earlier stages of follicular growth are
devoid of AS·3~ HSDH (figures 11 and 12). Weak activities of AS-3~HSDH and
17a-hydroxysteroid dehydrogenase (17a-HSDH· ) appear in granulosa cells of stage V
follicle (figure 12) and they disappear during latter stages of atresia. Atresia has no
effect on the AS-3~- HSDH activity in the thecal layer. Weak reaction of 17a-HSDH in
thecal layer of different stages persist even after the degeneration of granulosa but in
stage V follicles a decrease occurs in its activity.
3.4

Lipids

Few sudanophilic granules, which fail to stain with Schultz's technique for cholesterol,
are seen in single-layered granulosa cells of stage I follicles. The granulosa cells do
not show any appreciable change in the amount of lipids during follicular growth
except that increasing lipid deposition occurs in antral follicles of stage V, especially
in the peripheral layers of their granulosa cells lying adjacent to the basement
membrane. As compared to the earlier stages of follicular growth, some increase in
the amount of lipid granules is also seen in the thecal layer. After its differentiation,
the theca intema continues to stain for cholesterol-positive lipids which are present
in the thecal gland cells; a progressive increase in'their amount is seen during the
growth of follicles. Follicular atresia does not affect the histochemical reactions for
lipids in the thecal layer but the granulosa cells of atretic follicles of all stages show a
marked increase in lipids. The lipids begin to accumulate in granulosa cells at the
initial stages of atresia and as the degenerative process advances the amount of lipids
is increased to form highly sudanophilic accumulations of large size.

4. Discussion
The comparison of the histochemical features of follicular wall in normal and atretic
follicles of corresponding stages in the ovary of the Indian gerbil Tatera indica has
revealed conspicuous changes in the amount of lipids and activities of tetrazolium
reductases, succinate- and lactate-dehydrogenases. In contrast to previous observations
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on rat, mouse and guinea pig (Motta 1972)the granulosa cells of normal and atretic
follicles of different stages, except of Graafian follicles in T. indica, are devoid of any
histochemically detectable change in the activities of~5-3~- HSDH and 170- HSDH.
Atresia of follicles of all stages results in increased accumulation of lipids in the
granulosa cells as reported for other species (Guraya 1973b; Guraya and Greenwald
1964a,b). Decreased activities of tetrazolium reductases, lactate- and succinatedehydrogenases in granulosa cells suggest that atresia affects the mitochondrial
functions and reoxidation of NADH and NADPH coenzymes. This is also supported
by the structural changes in the mitochondria of granulosa cells of atretic follicles in
the mammalian ovary (Albertini 1980; Dimino and Campbell 1980). Though the
granulosa cells accumulate cholesterol-positive lipids in atretic follicles the absence
of steroid dehydrogenases activities in the granulosa cells of both growing and
atretic follicles of corresponding stages (from stages I to IV) suggests that alterations
in the activity of tetrazolium reductases and other mitochondrial enzymes cannot be
related to the effect of atresia on the development of luteinization process during the
phase of follicular growth. However, the luteinization of granulosa cells seems to
occur in the Graafian follicles as evidenced by the development of lipid accumulation
and some increase in the activitiesof tetrazolium reductases and steroid dehydrogenases.
Differences between histochemical features of different layers of granulosa cells of
multilamilar follicles as shown previously in hamster (Knigge and Leathem 1956)and
rabbit (Guraya and Greenwald 1964a) may reflect variable responses of different
layers just before the onset of atresia or indicate their variable character during
normal growth of the follicles.
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Figures 1-8. t. A portion of the ovary of Tatera indica showingmoderate activity ofNADH
tetrazolium reductase in granulosa cells of stage I (SI) follicle2. Showing activity of NADPH
tetrazolium reductase in granulosa.cells arrangedin a single layer in stage II (SII) follicle.
Note that interstitial gland tissue (IGT) shows strong activity of this enzyme 3. Stage II
normal follicles showing relatively more activity of NADH tetrazolium reductase in the
inner layers of granulosa cells. Thecal gland cells (TGC) and interstitial gland tissue (IGT)
show strong activity of the enzyme 4. A portion of stage IV follicle showing more activity of
NADPH tetrazolium reductase in the middle layers of granulosa cells (arrow). The oocyte
contains some non-specific activity S. NADH tetrazolium reductase in the outer layers of
granulosa cells (arrow) 6. NADPH tetrazolium reductase in the outer layers of granulosa
cells. 7. Lactate dehydrogenase (LDH) enzyme in outer layers of granulosa cells (GC)
8. Succinic dehydrogenase enzyme in the outer layers of GC (X 400).

F.......,. 9-16. 9; Stage IV follicle showing relatively more activity (arrows) of LOH in the
inner and middle layers of GC. The outer most layer which is below the basement membrane
contam weak activity (X 1(0).10. Showing similar intensity of staining of enzyme·activity
of SDH in the IGT and TGC and inner layers of GC of stage III follicle (X 1(0).
11. Showing absence of ~'-3f3-hydroxysteroid dehydrogenase (~'·3j3-HSDH) enzyme activity
in granulosa layers of stage III follicle and is present in the thecal layers (TL) and the
adjoining stroma (Xl00) 12. Showing moderate activity of ~'·3j3-HSDH in the GC and TL
of stage V follicle and interstitial.gland tissue (X 400) 13. A portion of atretic follicle of
stage IV showing that no change occur in enzyme activity of LOH in GC and TCG. Note
disorganization of layers of granulosa cells (X 400). 14. A portion of stage IV atretic
follicle showing decreased activity of SDH in GC and no change in TL and IGT. The
dense colour in the granulosa cells is the non-specific staining in their nuclei (X 400).
15. Late stage atretic follicle of stage IV showing decreased activity of LDH in GC and no
effect of atresia on enzyme activity in TL (X 1(0). 16. Late stage atretic follicle of stage IV
showing absence of SDH activity in GC and no effect of atresia on enzyme activity inTL
(X 1(0).

