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ABSTRACT: Ovarian follicular physiology plays an essential role in female reproduction. Healthy ovarian antral
follicles act as an indicator of reproductive health that possess high tendency to undergo follicular atresia. Follicular
fluid and granulosa cells form a physiological milieu around oocyte with direct interaction. Thus, the present study
aims to understand the biochemical variations within follicular fluid and granulosa cells lysates during different
stages of follicular atresia. Qualitative and quantitative analysis of Phosphatases and Antioxidant enzymes revealed
a significant correlation with progression of follicular atresia in healthy antral follicles. Acid phosphatase activity
(µmoles/ml) was found to increase significantly to 0.801±0.004 and 0.869±0.002 in slightly atretic and late atretic
follicular fluid in contrast to healthy antral follicles (0.503±0.002). The activities of alkaline phosphatase,
superoxide dismutase, catalase and glutathione peroxidase declined to 0.157±0.002, 0.551±0.001, 0.300 ±0.002 and
0.558±0.002 in follicular fluid of atretic follicle in comparison with 0.268±0.002, 0.671±0.001, 0.543±0.003 and
0.808±0.002 in healthy follicles respectively. Similar decreasing trend of enzymatic activity was observed within
granulosa cell lysate (µmoles/100mg) from healthy to slightly atretic and atretic follicles. This suggests the role of
biochemical alteration and oxidative stress in follicular components during follicular atresia that could be beneficial
for maintenance of fertility in mammals.
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INTRODUCTION
Ovary is an extremely dynamic organ where
complicated phenomenon of folliculogenesis
and atresia occurs, bringing the study of
ovarian follicular dynamics to the great
interests of researchers and clinicians these
days1. Folliculogenesis is characterized by
different developmental stages of an ovarian
follicle from primary to preantral, antral and
pre ovulatory; whereas, follicular atresia
involves breaking down of ovarian follicles at
different
developmental stages2,3 that
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correlate with the infertility among mammals.
Within a follicle, oocyte development is
dependent on the physiological interaction of
oocyte and granulosa cells that defines the
development and maintenance of a follicle;
moreover, the surrounding follicular fluid
forms a nutritive milieu around oocyte
forming an osmotic gradient to recruit fluid
from the thecal vasculature4. Thus, changes in
structural, biochemical, molecular or genetic
level of follicular fluid and granulosa cells
will impede developmental progression of an
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ovarian follicle. It has already been
documented that Granulosa cell apoptosis is
recognized as a hallmark majorly contributing
to the follicular atresia5,6,7. Follicular fluid
relates with the metabolic activity of
follicular
cells
influencing
follicular
development,
oocyte
maturation
and
8,9
follicular atresia . This focuses on the
necessities to study biochemical milieu of the
follicular components including ions,
metabolites and enzymatic profiles that can
emphasize on mechanistic reasons of
follicular atresia benefitting in infertility
treatment and other assisted reproductive
techniques10. Biochemical profiling has been
done in ovarian follicles of cattle11, pig12 and
buffalo13.
In some studies, biochemical
profiling has been done on follicles of super
ovulated goats14 but reports on biochemical
characteristics of follicular fluid and
surrounding granulosa cells in atretic follicles
of goat is scanty and need further
investigation. Most importantly, the role of
enzyme activities that control most of
physiological functions within follicles must
be entailed. Studies suggest various
Phosphatase and antioxidant enzymes are
involved in follicular atresia. In bovine antral
follicles, acid phosphatases were found to
initiate whereas alkaline phosphatases were
found to impede follicular atresia15. Similarly,
various antioxidant enzymes like superoxide
dismutase (SOD), catalase (CAT) and
glutathione peroxidase (GPx) were found to
be associated with granulosa cell apoptosis
mediated follicular atresia6,7. These enzymes
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are thought to imbalance oxidant–antioxidant
level bringing atresia by generation of
Reactive oxygen species16. SOD dismutates
superoxide anion radicle to form hydrogen
peroxide that is degraded into water and
oxygen molecule by CAT and GPx17. Thus,
the present study aimed to gain insights into
the changes in enzymatic activities of
phosphatases and antioxidant enzymes of
follicular fluid and granulosa cells with the
progression of follicular atresia in caprine
antral follicles. The study will evaluate the
role of different enzymes and oxidative stress
in initiating atresia that will be beneficial to
combat fertility troubles in reproductive
biology.
MATERIALS AND METHODS
Collection of ovaries and classification of
follicles
Ovaries from Jammnapari breed of goat were
collected from slaughter houses of
Chandigarh and brought to the laboratory in
normal saline at 4ºC. The follicles were
manually separated from ovaries using fine
forceps and were classified as healthy,
slightly atretic and atretic on morphometric
bases of colour, turbidity of follicular fluid
and vascularity18,19 for biochemical studies.
Biochemical analysis
For the biochemical investigations, the
follicular fluid was aspirated out from the
healthy, slightly atretic and atretic follicles
that were centrifuged at 1000 rpm for 15
minutes to obtain the clear follicular fluid and
granulosa cells pellet. The follicular fluid and
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granulosa cells were quantified and stored at
4ºC for subsequent use in following different
enzyme analyses.
The acid phosphatase (EC 3.1.3.2) and
Alkaline Phosphatase (EC 3.1.3.1) activity
was estimated spectrophotometrically using
the method of Linhardt and Walter20. The
superoxide dismutase (EC 1.15.1.1) activity
was assayed by the method of Marklund and
Marklund21 based on rate of auto-oxidation of
Pyrogallol. Catalase (EC 1.11.1.6) activity
was estimated using the method of Aebi22
after processing the homogenates as
described by Cohen and coworkers23. The
protein concentration of sample homogenate
was measured by the method of Lowry and
coworkers24. Glutathione peroxidase (EC
1.11.1.9) was assayed by the method of
Rotruck and coworkers25 with modifications.
RESULTS AND DISCUSSION
The bio-chemical studies of follicular fluid
and granulosa cells of different categories of
antral follicles undergoing atresia namely
healthy, slightly atretic and late atretic,
revealed prominent changes in several
enzyme activities emphasizing its relation
with progression of atresia within healthy
follicles.
The acid phosphatase activity was
recorded as 0.503  0.002, 0.801  0.004, and
0.869  0.002 moles/ml in the follicular
fluid of healthy, slightly atretic and atretic
follicles respectively (Fig. 1) showing an
increase in enzyme activity from healthy to
atretic follicles. Similarly in granulosa cells,
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the enzyme activity increased significantly
from 0.558  0.004 in healthy antral follicles
to 0.724  0.010, and 0.761  0.010
moles/100mg in slightly atretic and atretic
follicles (Fig 1). The alkaline phosphatase
activity was estimated as 0.268  0.002,
0.260  0.003 and 0.157  0.002 moles/ml
in the follicular fluid of healthy, slightly
atretic and atretic follicles respectively (Fig.
2) indicating the decrease in alkaline
phosphatase activity as follicle advanced in
the stage of atresia. Similarly, in the
granulosa cells, the enzyme activity declined
in the same manner as 0.964  0.002, 0.933 
0.003, and 0.412  0.003 moles/100mg in
healthy, slightly atretic and atretic follicles
(Fig. 2,).
The activity of SOD significantly
declined with increasing stages of atresia. It
was found to be 0.671  0.001, 0.654  0.001,
and 0.551  0.001 moles/ml in the follicular
fluid and 1.940  0.009, 1.119  0.004, 1.080
 0.012 moles/100mg in the granulosa cells
of healthy, slightly atretic and atretic follicles
respectively (Fig. 3) showing a decrease in
enzyme activity from healthy to slightly
atretic to atretic follicles respectively. Like
wise, Catalase activity was estimated as 0.543
 0.003, 0.307  0.002, and 0.300  0.002
moles/ml in the follicular fluid and 9.843 
0.219, 3.160  0.049 and 2.427  0.022
moles/100mg in the granulosa cells of
healthy, slightly atretic and atretic follicles
respectively (Fig. 4) showing a decrease in
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enzyme activity from healthy to atretic

follicles.

Figure 1. Variations in Acid Phosphatase activity in follicular fluid (µmoles/ml) and granulosa cells
(µmoles/100mg) in different categories of antral follicles.

Figure 2. Variations in Alkaline Phosphatase activity in follicular fluid (µmoles/ml) and granulosa cells
(µmoles/100mg) in different categories of antral follicles.

157

J. Adv. Zool. 2017 : 38 (2)

Figure 3. Variations in Superoxide dismutase (SOD) activity in follicular fluid (µmoles/ml) and granulosa
cells (µmoles/100mg) in different categories of antral follicles.

Figure 4. Variations in Catalase (CAT) activity in follicular fluid (µmoles/ml) and granulosa cells
(µmoles/100mg) in different categories of antral follicles.
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Figure 5. Variations in Glutathione peroxidase (GPx) activity in follicular fluid (µmoles/ml) and granulosa
cells (µmoles/100mg) in different categories of antral follicles.

The results significantly revealed the relation
of declining enzymatic (Antioxidative)
activity with progression of atresia within a
healthy antral follicle indicating the role of
oxidative stress during follicular atresia. A
significant positive correlation (p<0.05) was
observed between all the Antioxidative
enzyme activities (Alkaline Phosphatase,
Superoxide
Dismutase,
Catalase
and
Glutathione Peroxidase) and atretic stages.
The fertility potential in female is
directly proportional to the healthy ovarian
antral
follicles.
The
biochemical
characteristics of the follicular fluid and
granulosa cells surrounding the oocyte in the
ovarian follicle play a critical role in
maintaining the health and quality of a
follicle4. However, a significant number of
antral follicles undergo atresia during each
menstrual cycle due to natural and unnatural
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reasons. In the present investigation, analysis
of several biochemical parameters revealed
the association of different stages of follicular
atresia with changes in phosphatase and
antioxidant enzyme activity within follicular
fluid and granulosa cells of healthy and
atretic follicles.
The results exhibited an increasing
and declining trend of Acid and Alkaline
phosphatase activity respectively both in
follicular fluid and granulosa cells from
healthy to slightly atretic and atretic follicles.
Acid and alkaline phosphatase are lysosomal
enzymes which catalyze various reactions in
the body and are involved in the active
transport of phosphates across the cell
membrane, synthesis of protein and DNA
turnover in nucleus8. Acid phosphatases are
known to inactivate estrogen receptors by
dephosphorylation that, in follicles, inhibits
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the stimulation of estrogen receptors in
response to FSH15 making the follicle atretic.
In follicular fluid, acid phosphatase acts as a
phosphor-protein, inactivating cyclic AMPdependent protein kinases, that further limits
the ability of antral follicles to respond to
gonadotropin stimulation15. The increase in
Golgi complex and lysosomes in atretic
follicles/cells is also possibly attributable to
the rise in acid phosphatase activity. The
ultrastructural studies have revealed extensive
lysosomal accumulation, participating in lysis
and formation of apoptotic vesicles,
signifying increase in acid phosphatase
activity in the granulosa cells as well26. The
increase in acid phosphatase enzyme activity
observed in the follicular fluid and granulosa
cells of atretic follicles may also be related to
some mechanism for the secretion of
steroids27.
The
present
biochemical
estimation of alkaline phosphatase activity
focuses on the possible role of alkaline
phsophatase in active transport of nutrients
and secretary material across the membrane28.
The association of alkaline phosphatase
positive sites with theca interna indicates the
involvement of this enzyme in steroid
metabolism and transport29. Shift in the
follicular hormonal milieu from androgen
dominant to estrogen dominant with the
follicle development probably resulted in
declined alkaline phosphatase activity9. The
decline in levels of alkaline phosphatase in
follicular fluid and granulosa cells of atretic
follicles also may be due to increased
vascularity and changed morphology and
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biochemistry of granulosa cells for steroid
hormone synthesis9,29,30.
Furthermore, the present findings also
depicted a decreasing trend in the activity of
various antioxidant enzymes namely SOD,
CAT, GPx in follicular fluid and granulosa
cells from healthy to slightly atretic and
atretic follicles, elucidating the role of
oxidative stress and decreasing anti-oxidative
power in bringing follicular atresia. Declining
antioxidative enzyme activity, either in
follicular fluid or granulosa cells, facilitates
the generation of several reactive oxygen
species like superoxide radicles, hydroxyl
radicles and hydrogen peroxide that influence
the
cellular integrity inflicting serious
damages to cellular DNA, lipids, proteins and
other macromolecules resulting in cell
apoptosis31. This ultimately triggers follicular
atresia as comprehensive granulosa cell
apoptosis has been found to be underlying
cause of follicular atresia5,32.
SOD is a family of metallo-enzymes
that scavenges and dis-mutates the superoxide
anion radical (O2−.) to hydrogen peroxide
(H2O2) whereas catalase is an ubiquitous
enzyme, associated with SOD, that degrades
H2O2 to water and O2 (33). SOD exists in
three forms- manganese-associated form of
SOD is localized in mitochondria of cells,
whereas the copper and zinc associated form
are generally found in the cytoplasm and all
the three forms of SOD are expressed in
ovary and their pattern of expression appears
to be correlated with gonadotropin induced
follicular
development
and
luteal
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steroidogenesis and regression27. Decrease in
SOD and CAT generates ROS that creates
nicks in DNA by disrupting its sugar moiety,
causes chromatin condensation and makes the
follicular cells permeable to several proapoptotic signalling molecules easing
initiation and execution of apoptosis34,35.
Weakening of antioxidant defences also
occurs in granulosa cells that have been
associated
with
down-regulation
of
Cu/ZnSOD, MnSOD and CAT genes and
accumulation of oxidative damage mainly
involving mitochondria36.
Another
antioxidative
enzyme,
Glutathione peroxidase (GPx), catalyses the
oxidation of glutathione to detoxify ROS such
as hydrogen peroxide into water; thus, decline
in its activity causes oxidative stress that may
the possible cause of follicular atresia in
antral follicles37. This supports the present
findings where GPx activity decreased in
follicular fluid and granulosa cells of slightly
atretic and atretic follicles as compared with
healthy antral follicles. Such pattern of
enzymatic defences of SODs, CAT and GPx
in follicular fluid and granulosa cells fails to
scavenge ROS toxicity allowing them to
rapidly diffuse into the oocyte elevating
oocyte and follicular atresia7,30. In addition,
Granulosa cells are steroidogenically active
cells within antral follicles that require high
level of energy and thus, produces higher
amount of ROS resulting in the observed
decline in antioxidative enzyme activities38,39.
Consequently, the present study suggested
that antral follicles undergo distinct
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biochemical changes, both in follicular fluid
and granulosa cells lysate, during follicular
atresia. These alterations enhance the
oxidative stress and ROS generation within
the healthy antral follicle making the follicles
atretic. Follicular fluid and surrounding cells
involves several physiological processes
associated with fertility, thus, knowledge of
its biochemical composition will facilitate
future in vivo and in vitro research
concerning fertility troubles.
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