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Abstract
Objective Present study was aimed to determine whether
aqueous neem leaf extract (NLE) induces generation of
reactive oxygen species (ROS) and apoptosis through
mitochondria-mediated pathway in rat oocytes.
Design A controlled prospective study.
Setting Laboratory research setting at Department of
Zoology of Banaras Hindu University.
Animal(s) Forty eight sexually immature female rats that
were 20–30 days of age.
Intervention(s) Sexually immature female rats were fed
palatable dose of NLE (10 mg/g dry feed palate) for 10 days
and then subjected to superovulation induction protocol.
Thereafter, rats were euthanized, ovulated cumulus oocyte
complexes were collected from oviduct and oocytes were
denuded.
Main outcome measure(s) Rate of morphological apoptotic
changes, measurement of hydrogen peroxide, nitric oxide
and cytochrome c concentrations, caspase-9, caspases-3
activities and DNA fragmentation in oocytes.
Results In vivo NLE treatment induced morphological
apoptotic changes were associated with increased hydrogen
peroxide, nitric oxide and cytochrome c concentrations,

caspase-9, caspase-3 activities and DNA fragmentation in
oocyte.
Conclusion NLE induces generation of ROS that leads to
oocytes apoptosis through mitochondria-mediated pathway.

Keywords Aqueous neem leaf extract . Oocyte . Reactive
oxygen species . Cytochrome c . Caspase-9 . Caspase-3 .

DNA fragmentation .Morphological apoptotic features

Neem plant (Azadirachta indica) has been extensively used
for the treatment of several diseases in ayurveda, unani and
homoeopathic systems of medicine and has become a cynosure
of modern medicine. All parts of the neem tree i.e. leaves,
flowers, seeds, fruits, roots and bark possess antifertility
properties [1]. Due to its antifertility property, neem leaves
are frequently used to control fertility in traditional system of
medicine worldwide. We hypothesize that the antifertility
effect of neem extracts in female could be due to its direct or
indirect action at the level of oocytes. This notion is
supported by our previous observations that the aqueous
neem leaf extract (NLE) induces apoptosis in rat oocytes
cultured in vitro [2]. However, the mechanism(s) by which
NLE induces oocyte apoptosis remains to be elucidated.

Quercetin is one of the major bioactive flavonoids found
in NLE [1]. The quantitative analysis indicates that the
aqueous NLE contain 6 to 48 mg% (w/w) quercetin [3].
Quercetin induces generation of reactive oxygen species
(ROS) in somatic cells possibly by two pathways. One
potential mechanism is that quercetin, after scavenging the
peroxyl radical, is converted to radicals in the form of
quercetin-O. [4]. Another mechanism is that quercetin
inhibits antioxidant systems such as thioredoxin or gluta-
thione [5–7]. Quercetin induces generation of ROS and
thereby apoptosis in cancer cells [4, 5, 8–11]. Since,
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quercetin is one of the major bioactive ingredients of
aqueous NLE [3], possibility exist that the generation of
ROS and cytochrome c release from mitochondria might be
involved during aqueous NLE-induced oocyte apoptosis
but there is no evidence to support this hypothesis.

The release of cytochrome c from mitochondria may
initiate the apoptotic signals in wide variety of cells including
oocytes [12–17]. In the cytosol, cytochrome c binds to
apoptotic factor-1 (Apaf-1) leading to the recruitment and
activation of procaspase-9 in a large complex termed the
apoptosome [18, 19]. As a result, procaspase-9 auto
processes and cleaves the effectors procaspase including
procaspase-3. The activated procaspase-3 cleaves key struc-
tural and regulatory proteins that result in the biochemical
and morphological changes associated to apoptosis [20, 21].

Quercetin-induced apoptosis in somatic cells is associated
with loss of mitochondrial membrane potential thereby
cytochrome c release, increase in procaspase-9 and
procaspase-3 activities [21, 22]. Similarly, a possibility exists
that aqueous NLE could induce generation of ROS and thereby
apoptosis in preovulatory oocytes through mitochondria-
mediated pathway. However, there is no evidence to support
this possibility. Therefore, present study was designed to test
whether in vivo treatment of NLE induces generation of ROS
and if so, whether NLE-induced apoptosis is mediated through
mitochondrial pathway. For this purpose, in vivo and in vitro
studies with NLE and/or quercetin were carried out to analyze
morphological apoptotic changes, intracellular hydrogen per-
oxide (H2O2), nitric oxide (NO) and cytochrome c levels,
caspase-9 and caspase-3 activities, and DNA fragmentation in
oocytes.

Materials and methods

Chemicals and preparation of culture medium

All chemicals used in the present study were purchased
from Sigma Chemical Co. St. Louis, MO, USA unless
stated otherwise. The culture medium (M-199; HiMedia,
Mumbai, India) was freshly prepared as per company
manual protocol. The penicillin (100 IU/ml) and strepto-
mycin (100 μg/ml) were added to the culture medium.

Experimental animal

Sexually immature female rats (20–30 days old; 45±5 g
body weight) along with their mother of Charles-Foster
strain were separated from existing colony of departmental
animal facility and maintained in normal husbandry con-
ditions with food and water ad libitum. All procedures
confirmed to the stipulations of the Departmental Animal
Ethical Committee of Banaras Hindu University, Varanasi-

221005 and followed the guidelines for the care and use of
laboratory animals (NIH Publication).

Preparation of aqueous NLE and determination
of its palatable dose

Green leaves were procured from neem tree of university
campus and aqueous fraction of NLE was collected and then
lyophilized following extraction procedure published earlier
[2]. The NLE powder was stored at 4°C before use. The rat
dry feed palate (Pranav Agro Industries Ltd. Sangli, India)
was grinded and NLE powder was mixed to get various
doses of NLE (5, 10, 15 and 20 mg/g dry feed palate). The
rat dry feed powder with or without various doses of NLE
were used to prepare palate and then air-dried. To determine
the palatable dose, 15 sexually mature female rats were
divided in five groups of three each. Control rats were fed
normal dry feed, while remaining four groups were provided
dry feed palate containing various doses of NLE (5, 10,15
and 20 mg/g dry feed palate) for 3 days. On the basis of
daily consumption, a palatable dose (10 mg/g dry feed) was
determined (data not shown) and used for in vivo studies.

Effect of NLE on morphological changes in oocytes in vivo

The sexually immature female rats of 20 days old (body
weight, 35±5 g; three rats in each group) along with their
mother were used for in vivo studies. Control rats were fed
normal dry feed palate, while experimental rats were
provided palatable dose (10 mg/g dry feed palate) of NLE
and water ad libitum for 10 days. These 30 days old
experimental as well as control animals (body weight, 46±
4 g) were subjected to superovulation induction protocol for
the collection of oocytes as described earlier [2]. The
ovulated cumulus oocytes complexes from control and
NLE –treated animals were photographed for the analysis
of cumulus cells intactness and morphology. The denuded
oocytes from control and experimental animals were
quickly analyzed for their morphological status. To analyze
the susceptibility of these oocytes towards apoptosis,
morphologically normal oocytes (15 to 16 oocytes in each
group) from control animals as well as from NLE-treated
animals were further cultured for 3 h in medium-199 and
then analyzed for morphological status using phase-contrast
microscope (Nikon, Eclipse; E600, Japan) at 400X magni-
fication. The experiment was repeated three times and
representative photographs are shown in the result section.

Effects of various concentrations of NLE and quercetin
on morphological apoptotic in oocytes in vitro

For in vitro studies, oocytes were collected from 24 to
25 days old female rats (body weight, 40±5 g) subjected to
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superovulation induction protocol as described earlier
[2]. Quercetin is one of the major bioactive ingredients of
aqueous NLE [3], we used quercetin as a positive control
for in vitro studies. Groups of 14–15 oocytes were
incubated separately in 2 ml of plain medium (control
group) and medium containing various concentrations of
NLE (1.25, 2.5, 5, 10 and 20 mg/ml) or quercetin (0.375,
0.75, 1.5, 3 and 6 μg/ml). These concentrations of NLE
and quercetin have been reported to induce apoptosis in
oocytes and cancer cells cultured in vitro [2, 23]. All
petridishes were maintained at 37°C for 3 h in a CO2

incubator (Thermo Pharma, Ohio, USA) and then examined
for morphological apoptotic changes using a phase-contrast
microscope. The experiment was repeated three times to
confirm the results.

Effect of NLE on intraoocyte H2O2 and total nitrite
concentrations

The intracellular H2O2 concentration in oocyte lysates
was analyzed using H2O2 assay kit purchased from
Northwest Life Science Specialties, LLC, WA, USA and
total nitrite concentration was analyzed using NO assay kit
purchased from R&D Systems MN, USA. The oocytes
from control and NLE-treated animals (100 oocytes from
each group) were transferred to a microcentrifuge tube
containing 200 μL of hypotonic lysis buffer (5 mM Tris,
20 mM EDTA, 0.5% TritonX-100, pH 8) for 1 h on ice for
lysis. Lysates were centrifuged at 10,000 x g at 4°C for
15 min and clear supernatant was immediately diluted by 5-
fold with sample diluent and then used for the quantitative
estimation of H2O2 and total nitrite concentrations by
colorimetric assay as per company manual protocols. The
optical density (OD) was determined using a Microplate
Reader (Micro Scan MS5608A, ECIL, Hyderabad, India) set
at 560 nm for H2O2 and 540 nm for total nitrite. The samples
were run in triplicate and all samples were run in one assay
to avoid inter-assay variation. The intra-assay variation for
H2O2 and total nitrite concentrations were 3% and 2.5%,
respectively.

Effect of NLE on intraoocyte cytochrome c concentration

The cytochrome c concentration in oocyte lysates was
analyzed using cytochrome c assay kit purchased from
R&D Systems MN, USA. The oocyte lysates were
prepared as described above for the measurement of
H2O2 and total nitrite concentrations. The cytochrome c
concentration in oocyte lysates was analyzed as per company
manual protocol. The plate was read at 450 nm using
Microplate Reader. All samples were run in triplicate to
avoid inter-assay variation and intra-assay variation was
1.02%.

Effects of NLE on caspase-9 and caspase-3 activities

The intracellular caspase-3 and caspase-9 activities in
oocyte lysates were analyzed using caspase-3 and
caspase-9 colorimetric assay kits purchased from R&D
Systems MN, USA. The oocyte lysates were prepared as
described above for the measurement of H2O2 and total
nitrite concentrations. All reagents, working standards and
samples were brought to room temperature and caspase-9
and caspase-3 assays were performed simultaneously as per
company manual protocol. All samples were run in
triplicate to avoid inter-assay variation and intra-assay
variation for caspase-9 and caspase-3 were 1.5% and
1.7%, respectively. The samples OD was analyzed using
standards graph and mean ± SE OD values are used to
depict caspase-9 and caspase-3 activities.

Effect of NLE on DNA fragmentation in oocytes

The DNA fragmentation was detected using terminal deoxy-
nucleotidyl transferase (TDT) nick-end labeling (TUNEL) kit
purchased from R&D Systems (USA). Oocytes from control
and 10 mg/ml NLE-treated groups (15–16 oocytes in each
group) were separately transferred on clean glass slides and
fixed in 3.7% (v/v) buffered formaldehyde for 15 min at 18–
20°C. After washing, slides were used for DNA fragmentation
analysis as described earlier [2]. Slides were analyzed for
TUNEL positive staining under phase contrast microscope at
400 X magnification. The TUNEL analysis was repeated
three times and representative photographs are shown in the
result section.

Statistical analysis

Data are expressed as mean ± standard error of mean (SE)
of triplicate samples. All percentage data were subjected to
arcsine square-root transformation before statistical analy-
sis. Data were analyzed by either Student’s t-test or One-
way ANOVA using SPSS software, version 17.0 (SPSS,
Inc., Chicago, IL, USA). A probability of P<0.05 was
considered significant.

Results

In vivo NLE treatment induces morphological apoptotic
features in oocytes

As shown in Fig. 1B, NLE treatment (10 mg/g dry feed palate
for 10 days) induced cumulus cells dispersion and reduced
number of cumulus cells attached to the oocytes as compare
to control oocytes that had compact and large number of
cumulus cells encircling the oocyte (1A). Further, NLE

J Assist Reprod Genet (2012) 29:15–23 17



treatment significantly induced morphological apoptotic
features in majority of oocytes (67.55±7.98%; Fig. 2).
Although, shrinkage (27%; Fig. 3B) and cytoplasmic
fragmentation (26.4%; Fig. 3D) were most frequent mor-
phological apoptotic features observed after NLE treatment
in vivo, cytoplasmic granulation was also seen in few
number of oocytes (14.7%; Fig. 3C). On the other hand,
majority of control oocytes were normal (97.7% Fig. 3A)
and only few oocytes showed morphological apoptotic
features (2.3%; Table 1). Culture of remaining morpholog-
ically normal oocytes (collected from NLE-treated animals;
total 52 oocytes) for 3 h under in vitro culture conditions in
plain medium further induced morphological apoptotic
features (35.50±4.12%; Fig. 4). The shrinkage (13.5%),
cytoplasmic fragmentation (9.6%) and cytoplasmic granula-
tion (11.5%) were the morphological apoptotic features
observed prior to degeneration (32.7%). On the other hand,
majority of oocytes collected from control animals remained
with first polar body with normal morphology (97.6%) and

only few oocytes (2.4%) showed morphological apoptotic
features even after 3 h of in vitro culture (Table 2).

NLE and quercetin induce morphological apoptotic features
in oocytes in vitro

The NLE-induced oocyte apoptosis in vitro was reconfirmed
in the present study. As shown in Fig. 5A, NLE-induced
morphological apoptotic features in a concentration-
dependent manner (One-way ANOVA: F=40.86, P<0.05).
The initiation of degeneration was observed at 10 mg/ml
NLE (18.27±2.85%) and majority of oocytes underwent
degeneration if exposed to 20 mg/ml of NLE for 3 h in vitro.
Similarly, quercetin induced morphological apoptotic fea-
tures in a concentration-dependent manner (One-way
ANOVA: F=57.52, P<0.05; Fig. 5B). Degeneration of was
observed if the oocytes were exposed to higher concen-
trations of quercetin (3 and 6 μg/ml). Indeed, quercetin (one
of the major bioactive ingredients of NLE) was more potent
in inducing oocyte apoptosis as compare to NLE under in
vitro culture conditions.

NLE treatment increases H2O2 and total nitrite
concentrations in oocytes

As shown in Fig. 6A, NLE treatment significantly (P<0.05)
increased intracellular H2O2 concentration (10.92±
0.54 μM) in oocytes collected from NLE-treated animals
as compare to control animals (6.45±0.28 μM). Similarly, a
significant (P<0.05) increase in intracellular total nitrite
concentration (118.83±19.48 μM) was noticed in oocyte
collected from NLE-treated animals as compare to oocyte
(27.74±2.54 μM) collected from control animals (Fig. 6B).

NLE treatment increases cytochrome c concentration
in oocytes

As shown in Fig. 6C, NLE treatment significantly (P<0.05)
increased intracellular cytochrome c concentration in oocytes

Fig. 2 Effect of NLE treatment on the induction of morphological
apoptotic features in vivo. Animals were fed NLE palatable dose
(10 mg/gm dry feed palate) for 10 days and then subjected to
superovulation induction protocol. Ovulated oocytes were observed
for presence or absence of morphological apoptotic features. Data are
mean ± SE of three replicates. “*” Denotes significantly (P<0.05)
higher as compare to control group. Data were analyzed by Student’s
t-test

20 µm

A
20 µm

B

Fig. 1 Representative photo-
graphs showing effects of NLE
on the number of cumulus cells
and their intactness with oocytes
in vivo. Control cumulus oocytes
complex showing greater number
and tightly intact cumulus cells
with the oocytes (A; arrow).
Treatment of 10 mg/gm dry feed
palate of NLE reduced number of
cumulus cells attached to the
oocytes and increased cumulus
cell dispersion (B; arrow).
Bar=20 μm
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collected from NLE-treated animals that had morphological
apoptotic features (2.82±0.18 ng/ml) as compare to oocytes
that were collected from control animals and had normal
morphology with first polar body (0.93±0.22 ng/ml).

NLE treatment increases caspae-9 and caspase-3 activities
in oocytes

As shown in Fig. 6D, NLE treatment significantly (P<0.05)
increased both caspase-9 (0.251±0.03 OD value) and
caspase-3 activities (0.258±0.04 OD value) in oocytes that
had morphological apoptotic features as compare to their
respective control oocytes (caspase-9, 0.04±0.02 OD value;
caspase-3, 0.03±0.02 OD value).

NLE treatment induces DNA fragmentation in oocytes

To confirm the occurrence of DNA fragmentation, oocytes
were collected from control as well as from NLE-treated
animals that had morphological apoptotic features were
subjected to TUNEL assay. As shown in Fig. 7, NLE induced
morphological apoptotic features such as shrinkage (B),

cytoplasmic granulation (C) and cytoplasmic fragmentation
(D) and showed TUNEL positive staining as evidenced by
dark brown DAB staining. On the other hand, oocytes
collected from control animals that had normal morphology
with first polar body showed TUNEL negative (methyl
green) stain (A).

Discussion

The aqueous NLE induces apoptosis in rat oocytes cultured in
vitro [2]. This result led us to find out whether NLE can
induce oocyte apoptosis in vivo. If yes, what is the possible
mechanism underlying NLE-induced oocyte apoptosis? Data
of present study suggest that NLE (10 mg/g dry palate)
treatment for 10 days induced morphological apoptotic
features in more than 67% of ovulated oocytes. The
remaining 32% oocytes were looking morphologically
normal suggesting that the dose (10 mg/g dry feed) and
treatment time (10 days) may not be sufficient to induce
100% apoptosis in vivo. However, these oocytes had reduced
number and dispersed cumulus cells as compare to control

Table 1 Effect of NLE (10 mg/g dry feed) oral feeding on induction of morphological apoptotic features in oocytes in vivo

Morphological changes in oocytes

Oocytes collected from control animals

Total Oocytes Normal oocytes Apoptotic oocytes

Shrinkage Cytoplasmic
fragmentation

Cytoplasmic
granulation

Total apoptotic
oocytes

Degeneration

171 167 1 2 1 4 0

(100%) (97.7%) (0.6%) (1.2%) (0.6%) (2.3%) (0%)

Oocytes collected from NLE (10 mg/g dry feed) treated animals

Total Oocytes Normal oocytes Apoptotic oocytes

Shrinkage Cytoplasmic
fragmentation

Cytoplasmic
granulation

Total apoptotic
oocytes

Degeneration

163 52 44 43 24 111 0

(100%) (31.9%) (27.0%) (26.4%) (14.7%) (68.1%) (0%)

A B C D
20 µm 20 µm20 µm20 µm

A B C D

Fig. 3 Representative photographs showing NLE (10 mg/gm dry feed
palate) treatment in vivo on morphologic apoptotic features in
oocytes. (A) control oocyte showing first polar body with normal

morphology (arrow), (B) NLE-treated oocyte showing shrinkage
(arrow), (C) cytoplasmic granulation (arrow), and (D) cytoplasmic
fragmentation (arrow). Bar=20 μm
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cumulus oocytes complex. Since cumulus cells not only
provide nutrients and signaling molecules for survival of
the oocytes, they protect oocytes from any adverse
changes under vitro conditions. Hence, the reduced
number and dispersed cumulus cells may deprive the
oocytes from survival factors and induce susceptibility to
undergo apoptosis. Culture of these morphologically
normal oocytes in plain medium for 3 h in vitro further
induced morphological apoptotic features in more than
35% of oocytes. These results suggest that NLE induces
both apoptosis in vivo and susceptibility to undergo
apoptosis followed by degeneration if cultured in vitro.
This possibility is further strengthened by in vitro
observations that NLE induced apoptotic features in a
concentration-dependent manner, and degeneration was
also observed if the oocytes were exposed to higher

concentrations of NLE (10 and 20 mg/ml). These data
reconfirm our previous finding that NLE induces mor-
phological apoptotic features in rat oocytes cultured in
vitro [2]. Further studies are underway to find out the
optimal dose and treatment time that induces 100%
apoptosis in vivo, which may be helpful to develop a
herbal contraceptive.

Quercetin is one of the major bioactive flavonoids of
NLE [1]. Hence, we used quercetin as positive control in
the present study. Our data suggest that quercetin induced
oocyte apoptosis in a concentration-dependent manner in
vitro. The higher concentrations (3 and 6 μg/ml) also
induced degeneration of oocytes. The quercetin was more
potent in inducing apoptotic features as compare to NLE in
vitro. These results suggest that the quercetin is one of the
major bioactive ingredients associated with NLE-induced

Fig. 4 Effect of in vivo NLE (10 mg/gm dry feed palate) treatment on
the susceptibility of oocytes towards apoptosis in vitro. Oocytes
collected from control as well as from NLE-treated animals that had
normal morphology were further cultured in plain medium for 3 h and

observed for their morphological apoptotic changes. Data are mean ±
SE of three replicates. “*” Denotes significantly (P<0.05) higher as
compare to control group. Data were analyzed by Student’s t-test

Table 2 Effect of NLE (10 mg/g dry feed) oral feeding on the susceptibility of oocytes to undergo apoptosis if cultured in plain medium for 3 h in vitro

Morphological changes in oocytes

Remaining normal oocytes collected from control animals

Total Oocytes Normal oocytes Apoptotic oocytes

Shrinkage Cytoplasmic
fragmentation

Cytoplasmic
granulation

Total apoptotic
oocytes

Degeneration

167 163 2 1 1 4 0

(100%) (97.6%) (1.2%) (0.6%) (0.6%) (2.4%) (0%)

Remaining normal oocytes collected from NLE (10 mg/g dry feed) treated animals

Total Oocytes Normal oocytes Apoptotic oocytes

Shrinkage Cytoplasmic
fragmentation

Cytoplasmic
granulation

Total apoptotic
oocytes

Degeneration

52 17 7 5 6 18 17

(100%) (32.7%) (13.5%) (9.6%) (11.5%) (34.6%) (32.7%)
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Fig. 5 Effects of various
concentrations of NLE and
quercetin on morphological
changes in oocytes cultured in
vitro. Oocytes were exposed to
various concentrations of NLE
(A) or quercetin (B) for 3 h in
vitro and then morphological
apoptotic changes were
analyzed. Data are mean ± SE
of three replicates. Data were
analyzed by one-way ANOVA

Fig. 6 In vivo effects of
10 mg/gm dry feed palate of
NLE treatment on intraoocyte
H2O2 concetration (A), total
nitrite concentration (B), cyto-
chrome c concentrations (C),
caspase-9 and caspase-3 activi-
ties (D). Data are mean ± SE of
three replicates. “*” Denotes
significantly (P<0.05) higher as
compare to control oocyte
(Student’s t-test)
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oocyte apoptosis in vivo as well as in vitro. Although
quercetin induced oocyte apoptosis in vitro has not been
reported in any mammalian species till date, concentrations
of quercetin used in the present study (1.5 to 6 μg/ml) have
been reported to induce apoptosis in various cancer cells
cultured in vitro [4, 8–10, 23].

The aqueous NLE contain 6 to 48 mg% (w/w) quercetin
[3]. A possibility exist that quercetin might have induced
oocyte apoptosis in NLE-treated animals possibly through
the generation of ROS as has been reported for various
somatic cell types [4, 11, 23, 24]. This possibility is further
strengthened by the data of present study that in vivo NLE
treatment significantly increased H2O2 and total nitrite
concentrations and thereby morphological apoptotic fea-
tures in oocytes. The increased intracellular levels of ROS
have been reported to induce morphological apoptotic
features such as shrinkage, membrane blebbing, cytoplas-
mic granulation and cytoplasmic fragmentation in rat
oocytes [25–28].

The increased intracellular level of ROS can modulate
mitochondria membrane potential and triggers a release of
cytochrome c which initiate apoptotic signals in wide variety
of somatic cells [12–17, 23, 29, 30]. Similarly, NLE-induced
generation of ROS can modulate mitochondria membrane
potential and triggers a release of cytochrome c to initiate
apoptotic pathway in oocytes. This notion is further
supported by our data that NLE treatment significantly
increased cytochrome c concentration in oocyte that had
morphological apoptotic features. Although NLE-induced
generation of ROS and cytochrome c release in oocyte have
not been reported till date, quercetin-induced generation of
ROS and cytochrome c release from mitochondria has been
reported in various somatic cell types [23, 24, 30]. Taken
together, these findings suggest that NLE-induced generation
of ROS trigger cytochrome c release from mitochondria that
may initiate apoptotic signals in oocytes.

The release of cytochrome c from mitochondria activates
upstream caspases in a cell. In the cytosol, cytochrome c
binds to apoptotic factor Apaf-1 leading to the recruitment
and activation of procaspase-9 [18, 19]. As a result,
caspase-9 cleaves procaspase-3 and then caspase-3 cleaves
key structural and regulatory proteins that result in the
biochemical and morphological changes associated to
apoptosis [21]. Similarly, data of the present study suggest
that NLE significantly increased both caspase-9 and
caspase-3 activities in oocytes collected from NLE-treated
animals that had morphological apoptotic features. These
data together with previous observations [2] suggest that
NLE induces generation of ROS and thereby cytochrome c
release from mitochondria that leads to morphological
changes associated to oocyte apoptosis.

The DNA fragmentation in 180–200 base-pair DNA
ladder is a hallmark feature of apoptosis [31]. The
fragmented DNA can be detected in a single cell using in
situ technique such as TUNEL assay [15, 32–35]. Data of
the present study suggest that NLE induced DNA
fragmentation as evidenced by TUNEL positive staining
in oocytes that had morphological apoptotic features.
These results further confirm our previous finding that
NLE induces DNA fragmentation in rat oocytes in vitro
[2].

In summary, data of the present study suggest that
NLE induced generation of ROS and thereby cyto-
chrome c release from mitochondria of the oocyte. A rise in
cytochrome c concentration increased caspase-9 and caspase-
3 activities which finally induced DNA fragmentation
in oocytes. These results supports our hypothesis that
NLE induces generation of ROS and thereby oocyte
apoptosis through mitochondria-mediated pathway. However,
further studies are required to investigate the involve-
ment of other pathway during NLE-induced oocytes
apoptosis.

A B D
20 µm 20 µm 20 µm 20 µm

C

Fig. 7 Representative photograph showing the effects of 10 mg/gm
dry feed palate of NLE-induced DNA fragmentation in oocytes. (A)
control oocyte showing TUNEL negative staining (arrow). (B) NLE-
treatment induced DNA fragmentation as evidenced by TUNEL

positive staining in oocytes showing shrinkage (arrow), (C) cytoplas-
mic granulation (arrow) and (D) cytoplasmic fragmentation (arrow).
The irregular shape of zona pellucida is due to the proteinase K
treatment during TUNEL assay. Bar=20 μm
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