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Calcium ionophore-induced egg activation and apoptosis are associated
with the generation of intracellular hydrogen peroxide
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Abstract

The present study was designed to investigate whether calcium ionophore-induced activation and apoptosis are associated
with the generation of hydrogen peroxide (H,O,) in rat eggs cultured in vitro. Culture of metaphase-II (M-II) arrested eggs
in Ca®>"/Mg? " -deficient medium did not induce egg activation, while a second polar body was observed in 20% of eggs
when cultured in Ca®>*/Mg? " -supplemented medium. In Ca®*/Mg? " -deficient medium, lower concentrations of calcium
ionophore (0.2,0.4 and 0.8 pm) not only induced egg activation in a dose-dependent manner but also generation of
intracellular H,O, (84.40 + 0.50 ng/egg) when compared to control eggs (80.46 + 1.34 ng/egg). The higher concentration of
calcium ionophore (1.6 um) induced apoptosis and pronounced generation of intracellular H,O, (92.43 + 0.93 ng/egg) in
treated eggs. Conversely, cell-permeant antioxidant such as 2(3)-tert-butyl-4-hydroxyanisole (BHA) reduced intracellular
H,0, level (81.20 + 1.42 ng/egg) and protected against calcium ionophore-induced morphological changes characteristics
of egg activation and apoptosis. These results clearly suggest that calcium ionophore-induced activation and apoptosis are
associated with the generation of intracellular H,O, in rat eggs.
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Introduction undergo spontaneous egg activation in mouse [9], rat

. . . [10,11], rabbit [12], pig [13], porcine [13-17],
The role of calcium in the physiology of oocyte from bovine [18] and human [19]

oogenesis to maturation and fertilization has been
well documented [1-4]. The transition from one
meiotic phase to the following is regulated by cell Changes in [Ca? " i level modulate various aspects of
cycle control checkpoints, which are in turn modu-  cefjylar function such as meiotic cell cycle, apoptosis
lated by a transient increase of intracellular calcium  gnd/or cell death [2,4,20]. A transient increase of
. 2 . . . .

ion [Ca®"]i [‘.1:5]- Egg activation that comprises  [Ca®"]i signals egg activation, while high sustained
several events, including cortical granule exocytosis, level induces egg apoptosis [20-22]. Conversely, an
pronuclei formation, exit from M-II arrest and  abnormally high [Ca®"]i level results into cell death

The intracellular calcium homeostasis is very im-
portant in maintaining the normal function of a cell.

extrusion of second polar body, is driven by increase
of [Ca®"]i initiated by fertilizing sperm [4,6-8]. If the
fertilization does not occur, aged unfertilized eggs

[23]. Under n witro culture conditions, calcium
ionophore A23187 has been used to induce egg
activation in mouse [24], rat [25,26], pig [13,27],
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porcine [13,27,28-30], human [31] and apoptosis in
pig oocytes and bovine embryos [18,32,33].

The possible mechanism(s) by which calcium
ionophore A23187 (hereafter calcium ionophore)
induces egg activation or apoptosis remains obscure.
This ionophore has been reported to increase
[Ca®T]i, possibly by depleting essentially all internal
calcium pools from endoplasmic reticulum and
mitochondria leading to egg activation or apoptosis
[4,32,33]. However, it is not yet known whether
calcium ionophore A23187-induced these two events
are associated with the generation of intracellular
hydrogen peroxide (H,0,) in eggs cultured i vitro. If
yes, whether cell-permeant antioxidant such as 2(3)-
tert-butyl-4-hydroxyanisole (BHA) could reduce gen-
eration of intracellular H,O, and protect against
calcium ionophore-induced morphological changes
characteristic of egg activation or apoptosis. Using rat
liver mitochondria, it has been reported that the
addition of low concentration of free Ca*™* (0.2 pm)
resulted in stimulation of H,0O, generation and
induced cell death through apoptosis. The produc-
tion of H,O, was more pronounced when a high
concentration of free Ca®™ (20 pm) was added and
resulted in cell death through necrosis [34]. Similarly,
it is possible that the generation of a distinct level of
intracellular H,O, might be associated with calcium
ionophore-induced morphological changes character-
istic of activation and apoptosis in rat eggs cultured
n vitro.

A certain threshold level of reactive oxygen species
(ROS) has been reported as a potential marker
for predicting success rate of in vitro fertilization
[35,36]. The generation of ROS is beneficial to
increase developmental potential of bovine oocytes
during iz vitro maturation [37]. A previous study has
indicated that lower concentrations (2.5 and 5 um) of
H,O, induce meiotic cell cycle progression whereas
higher concentrations (10 and 20 pum) induce apop-
tosis in rat oocytes cultured i vitro [38]. On the other
hand, cell-permeant antioxidant 2(3)-ter-butyl-4-
hydroxyanisole BHA inhibits resumption of meiosis
in rat oocytes cultured @ wvirro [39]. Hence, we
hypothesize that calcium ionophore-induced mor-
phological changes characteristic of egg activation
might be associated with increased intracellular
H,0, level under physiological range, while more
pronounced generation could promote egg apoptosis
in vitro. Further, BHA could reduce intracellular
H,0, level and protect against calcium ionophore-
induced spontaneous egg activation (SEA) and egg
apoptosis i vitro. Therefore, objectives of our study
were to find out effects of calcium ionophore with
or without pre-incubation of BHA on morphological
features characteristic of egg activation and apoptosis.
Further, intracellular H,O, levels were quantified
to correlate with calcium ionophore-induced egg
activation or apoptosis.
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Materials and methods
Reagents

All reagents unless otherwise noted were purchased
from Sigma Chemical Co. (St. Louis, MO).

Preparation of calcium ionophore working solutions

The calcium ionophore was initially dissolved in
100 wl of dimethyl sulphoxide (DMSO) and then in
distilled water to get a final concentration of 1 mg/ml
(stock solution). The stock solution was aliquoted
and kept at —20°C until use. The stock solution of
calcium ionophore (1 mg/ml) was further diluted in
serum-free and Ca®*/Mg? " -deficient medium-199
(HiMedia Laboratories, Mumbai, India) to get final
concentrations of calcium ionophore (0.2, 0.4, 0.8,
1.6 and 3.2 um). The freshly prepared working
solutions of calcium ionophore were kept at 37°C
for 5 min before use. Addition of calcium ionophore,
at final concentration, did not alter the osmolarity
(290+5 m Osmol) and pH (7.2+0.2) of culture
medium used in the present study. Since DMSO was
used as a solvent in the calcium ionophore stock
solution, an equivalent dilution of the highest con-
centration (0.1% DMSO) was used in the control
group.

Awnimals

Holtzman-derived rats were housed in air-condi-
tioned, light controlled rooms, with food and water
available ad libitum. Twenty-three—25-day-old female
rats were primed with single subcutaneous injection
of 10 IU pregnant mare’s serum gonadotropin
(PMSG) for 48 h followed by 10 IU human chorionic
gonadotropin (hCG) for 14 h. All procedures con-
firmed to the stipulations of the Institutional Animal
Ethical Committee of National Institute of Health
and Family Welfare (New Delhi, India).

Collection and culture of eggs

Ovulated cumulus-enclosed eggs were isolated in
serum-free and Ca®?"/Mg? " -deficient medium-199
under a dissecting microscope (Carl Zeiss, Oberko-
chen, Germany) by puncturing oviduct using
26-gauge needle attached to a 1 ml syringe. The
serum-free and Ca®"/Mg? " -deficient medium-199
was used in the present study unless stated otherwise.
All ovulated cumulus-enclosed eggs were picked up
using microtubing (inner diameter 2 mm) attached
with glass micropipette (Clay Adams; B&D and Co.,
N]) and transferred to culture medium containing
0.01% hyaluronidase at 37°C. After 3 min of treat-
ment, denuded eggs were removed and washed three
times with culture medium. The average time for
isolation and preparation for culture of denuded eggs
were 4 + 2 min and 5 + 2 min, respectively. For entire

RIGHTS

1r



Free Radic Res Downloaded from informahealthcare.com by Newcastle University on 12/03/11
For personal use only

214 S. K. Chaube et al.

m ovitro experiments, 15-20 denuded eggs were
maintained in each petri dish and cultured in a CO,
incubator (Thermo Pharma Company, Ohio) at 37°C
in 100% humidity with 5% CO,.

Effect of calcium ionophore on morphological changes in
eggs

A group of 15-20 eggs was cultured either in Ca®™"/

Mg? " -supplemented medium (HiMedia Labora-
tories, Mumbai, India) or Ca®*/Mg?"-deficient
medium with or without various concentrations of
calcium ionophore (0.2, 0.4, 0.8, 1.6 and 3.2 um) for
3h. To induce egg activation, 50 pM calcium
ionophore was used for 5 min in a Ca®*/Mg®"-
supplemented fertilization medium [33]. In the pre-
sent study, we reduced the concentration (< 3.2 pum)
and increased treatment time for calcium ionophore
in order to achieve a shift from egg activation to
apoptotic cell death so that a correlation could be
made between these morphological changes with
intracellular H,O, level. At the end of the incubation
period, eggs were removed, washed three times with
culture medium and transferred on to a grooved slide
with 100 pl of culture medium and then examined for
morphological changes using a phase-contrast micro-
scope (Nikon, Eclipse; E600, Tokyo, Japan) at 400 x
magnification.

Effect of pre-incubarion of BHA on calcium ionophore-
induced morphological changes in eggs

Eggs were first pre-incubated in Ca®*/Mg?® " -defi-
cient medium containing 100 pum of BHA for 5 min.
After 5 min of pre-incubation, eggs were washed
with Ca®*/Mg®"-deficient medium and then a
group of 15-20 eggs were incubated in Ca®*/
Mg? " -deficient medium containing various concen-
trations of calcium ionophore (0.2, 0.4, 0.8, 1.6 and
3.2 um) for 3 h. Untreated eggs and eggs pre-
incubated with 100 pum of BHA alone for 5 min
were also cultured for 3 h simultaneously as con-
trols. This concentration of BHA has been reported
to inhibit resumption of meiosis in rat oocytes
cultured i vitro [39]. At the end of the incubation
period, eggs were removed, washed three times with
Ca®"/Mg? " -deficient medium and transferred on to
a grooved slide with 100 ul of culture medium and
then examined for morphological changes character-
istic of egg activation and apoptosis using a phase-
contrast microscope (Nikon, Eclipse; E600, Tokyo,
Japan) at 400 x magnification.

DNA fragmentation analysis by TUNEL assay

To confirm calcium ionophore-induced egg apopto-
sis, control eggs that had normal morphology and
1.6 um calcium ionophore-treated eggs that had
morphological apoptotic features were used for

DNA fragmentation analysis using terminal deox-
ynucleotidyl transferase dUTP nick-end labelling
(TUNEL) kit purchased from R&D Systems Inc.
(MN). To prevent the loss of eggs, poly L-lysine-
coated glass slides were used for the analysis of
DNA fragmentation using TUNEL assay. Control
and calcium ionophore-treated eggs (10-15 eggs
from each group) for 3 h were washed three times
with phosphate buffer saline (PBS), transferred onto
slide and then fixed in buffered formaldehyde
(3.7%) for 15 min at 18-20°C. Slides were washed
three times with PBS and then air dried at room
temperature (18-20°C). All procedures were carried
out at 18-20°C unless stated otherwise. The TU-
NEL assay was performed as per company manual
protocol as described briefly elsewhere [38].

Quantitative estimation of intracellular H,O; levels in
eggs

To find out the association between calcium iono-
phore-induced egg activation and apoptosis with the
generation of intracellular H,O, levels, eggs from
various groups were used for the analysis of intracel-
lular H,O, level using H,O, assay kit purchased from
R&D Systems Inc. (MN). In brief, 25 eggs from
various groups, i.e. control eggs (untreated eggs
showing first polar body with normal morphology),
activated eggs (0.8 uM calcium ionophore-treated eggs
showing second polar body and pronuclei), apoptotic
eggs (1.6 pM calcium ionophore-treated eggs showing
morphological apoptotic features) and eggs pre-incu-
bated with BHA (100 pm) for 5 min and then
incubated with 1.6 pm of calcium ionophore for 3 h
were washed three times with PBS and transferred to a
microcentrifuge tube containing 100 pl hypotonic lysis
buffer (5 mm Tris, 20 mm EDTA, 0.5% Triton X-100,
pH 6.0). After 1 h of incubation on ice, lysates were
centrifuged at 10 000 rpm at 4°C for 15 min and a clear
supernatant was immediately stored at —30°C until
use. Samples were diluted by 5-fold with sample
diluent (provided with the kit) and then processed
for the quantitative estimation of H,O, by calorimetric
assay as per company manual protocol. In brief, all
reagents, working standards and samples were brought
to room temperature before use. The 50 pl of sample
diluent was added to the blank wells and 50 pl of H,O,
standards or samples to remaining wells in duplicate.
Thereafter, 100 ul H,O, colour reagent was added to
each well and the plate was incubated for 30 min at
room temperature after tapping the side of the plate
gently for 10 s. At the end of the incubation period,
optical density (OD) was determined using a micro-
plate reader set to 550 nm. All samples were run in one
assay to avoid inter-assay variation and intra-assay
variation was 3%.
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Staristical analysis

Data are expressed as mean + SE of mean (SEM) of
triplicate samples. All percentage data were subjected
to arcsine square-root transformation before statisti-
cal analysis. Data were analysed by either Student’s -
test or one-way analysis of variance (ANOVA) using
SPSS software, version 11.5 (SPSS, Inc. Chicago,
IL). A probability of p <0.05 was considered to be
statistically significant.

Results
Effect of calctum ionophore on egg activation

Eggs collected from oviduct of immature female rat
after 14 h post-hCG injection were at M-II stage and
exhibited first polar body with normal morphology.
Culture of these eggs in Ca®*/Mg? " -deficient med-
ium did not induce any morphological change after
3 h (Figure 1A), while extrusion of second polar body
but not pronuclei formation (Figure 1B) was ob-
served in 20% eggs cultured in Ca®"/Mg?® " -supple-
mented medium (Table I). On the other hand,
supplementation of lower concentrations of calcium
ionophore (0.2, 0.4, 0.8 pum) in Ca®"/Mg? " -defi-
cient medium induced extrusion of second polar
body (one-way ANOVA, F=288.99, p<0.001) and
pronuclei formation (one-way ANOVA, F=53.12,
p»<0.001) in a dose-dependent manner (Figure 1C).
The lowest concentration (0.2 pm) of calcium iono-
phore induced pronuclei formation in eggs that were
arrested at M-II stage (Figure 2B). Further, 0.2 um of
calcium ionophore also induced initiation of cortical
granules in few treated eggs near the peripheral area
of egg cytoplasm after 1 h (Figure 2C) that was
further increased after 3 h of treatment (Figure 2D),
while control eggs had normal morphology with
degenerating first polar body (Figure 2A). Conver-
sely, pre-treatment of eggs with BHA (100 um) for
5 min significantly inhibited calcium ionophore-
induced egg activation and only 17% of eggs showed
pronuclei formation and extrusion of second polar
body (Table II).

20 pm

Calcium tonophore-induced egg activation 215

Effect of calcium ionophore on morphological apoprotic
changes in eggs

A shift from egg activation to apoptosis was observed
if the eggs were exposed to higher concentrations of
calcium ionophore (0.8 and 1.6 um) for 3 h. The
initiation of apoptotic features was observed at
0.8 um of calcium ionophore and reached a max-
imum at 1.6 pum of calcium ionophore (42.85+
4.12%), while few eggs underwent degeneration
(7.78 £+ 0.56%; Table I). Further, a higher concentra-
tion of calcium ionophore (3.2 pum) induced degen-
eration in most of the treated eggs (90.67 + 3.34%)
after 3 h of culture. The calcium ionophore-induced
first morphological apoptotic feature was shrinkage
(Figure 3B) and membrane blebbing (Figure 3C) was
observed as a second morphological apoptotic fea-
ture. The cytoplasmic granulation (Figure 3D) was
the last morphological apoptotic feature observed just
prior to degeneration (Figure 3E). The control eggs
exhibited first polar body with normal morphology
(Figure 3A). Conversely, pre-incubation of eggs with
BHA (100 pum) for 5 min significantly inhibited
1.6 pm Calcium ionophore-induced morphological
changes characteristic of apoptosis (20.67+ 1.76%)
and most of the eggs were morphologically similar to
control eggs that had degenerating first polar body
without pronuclei formation (Figure 3F). However,
BHA could not protect higher concentration (3.2 pm)
of calcium ionophore-induced egg degeneration.

TUNEL analysis for DNA fragmentation

In the present study, although membrane blebbing
and cytoplasmic granulation were observed in few
calcium ionophore-treated eggs, most of the treated
eggs underwent either shrinkage or cytoplasmic
granulation. Therefore, the TUNEL analysis was
carried out using control eggs that had first polar
body with normal morphology and 1.6 pm calcium
ionophore-treated eggs that underwent either shrink-
age or cytoplasmic granulation. The TUNEL analysis
further confirmed our results that 1.6 pm calcium

Figure 1. Representative photograph showing effect of calcium ionophore on morphological features characteristics of spontaneous egg
activation. (A) Control egg showing first polar body (») with normal morphology in Ca?*/Mg? " -deficient medium. (B) Activated egg
showing degeneration of first polar body and extrusion of second polar body in Ca®*/Mg?* -supplemented medium (»). (C) Calcium
ionophore (0.4 um) treated eggs showing degeneration of first polar body, pronuclei formation and extrusion of second polar body (»).

Bar =20 pm.
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Table I.

Effect of various doses of calcium ionophore on morphological changes characteristics of activation and apoptosis in eggs cultured

in Ca®*/Mg?*-deficient (—) or Ca®"/Mg? " -supplemented medium (+) i vizro for 3 h.

Culture
medium

Treatment
Calcium ionophore

Second polar
body extrusion (%)

Morphological features (in %)

formation (%)

Pronuclei Apoptotic

features (%) Degeneration (%)

Control (+) 20.0+5.0
Control (=) Nil

0.2 um (=) 33.37+1.41
0.4 pm (-) 53.33+3.33
0.8 um (=) 87.77+1.92
1.6 um (-) 47.20+1.21
3.2 uM (=) Nil

Nil Nil Nil
Nil Nil Nil
36.45+2.02 Nil Nil
52.05+3.57 Nil Nil
78.39+3.86 10.36+1.50 Nil
43.37+3.43 42.85+4.12 7.784+0.56
Nil 7.934+0.39 90.67 +3.34

Values are expressed as mean (%) +SEM of three replicates. Data are analysed by one-way ANOVA.

ionophore-induced egg apoptosis. As shown in Figure
4, calcium ionophore induced DNA fragmentation in
treated eggs that underwent morphological apoptotic
changes such as shrinkage (Figure 4B) and cytoplas-
mic granulation (Figure 4C) as evidenced by TU-
NEL positive staining whereas control eggs that had
normal morphology showed TUNEL negative stain-
ing (Figure 4A).

Intracellular H,O; levels in activated and apoprotic eggs

As shown in Figure 5, calcium ionophore significantly
(p<0.05) increased intracellular level of H,O,
(84.40 4+ 0.50 ng/egg) in activated eggs that exhibited
second polar body with pronuclei as compared to
control egg (80.46 + 1.34 ng/egg) that had first polar
body with normal morphology. The intracellular level
of H,O, was further increased (p<0.01) in eggs

(92.434+0.93) that had morphological apoptotic
features. Pre-incubation of eggs with 100 pm of
BHA for 5 min significantly (< 0.01) reduced in-
tracellular H,O, level (81.20+ 1.42 ng/egg) and it
was comparable to control eggs.

Discussion

The involvement of calcium during meiotic cell cycle
progression and apoptosis has been well documented
[2-4,18,24,33,38,40]. Calcium ionophore elevates
[Ca®"]i by depleting essentially all calcium pools
and induces egg activation or apoptosis [4,7,18,32].
To induce egg activation, eggs are generally treated
with calcium ionophore (5-50 um) for a few minutes
(5-15 min) under @ wovitro culture conditions
[12,13,19,27,30,32]. In the present study, we reduced

Figure 2.

Representative photograph showing calcium ionophore-induced pronuclei formation and appearance of cortical granule in eggs.

(A) Control egg showing degenerating first polar body with no sign of spontaneous activation in Ca®*/Mg? " -deficient medium (»). (B)
Calcium ionophore (0.2 um) induced pronuclei formation in M-II arrested egg (»). (C) Calcium ionophore (0.2 pm) induced appearance
of cortical granules in M-II arrested egg cytoplasm after 1 h of culture (»). (D) Alignment of cortical granule structure in the peripheral area

of treated egg after 3 h of culture (»). Bar =20 pm.
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Table II.  Effect of pre-incubation of BHA (100 pum) for 5 min on calcium ionophore-induced morphological changes characteristics of
activation and apoptosis in eggs cultured in Ca®"/Mg? " -deficient medium i vizro for 3 h.

Morphological features (in %)

Treatment
Calcium ionophore

Second polar
body extrusion (%)

Pronuclei (%)

Apoptotic

features (%) Degeneration (%)

Control Nil Nil Nil Nil
BHA (100 um) Nil Nil Nil Nil
0.2 um Nil Nil Nil Nil
0.4 um 6.0+1.15 6.67+0.88 Nil Nil
0.8 um 17.67+1.45 17.67+0.88 Nil Nil
1.6 um Nil Nil 20.67+1.76 6.0+1.20
3.2 uMm Nil Nil 8.0+1.15 92.0+1.15

Values are expressed as mean (%) +SEM of three replicates. Data are analysed by one-way ANOVA.

calcium ionophore concentrations (0.2-3.2 pm) and
increased treatment time for 3 h in order to achieve a
shift from egg activation to apoptotic cell death. Data
of the present study revealed that eggs cultured in
serum-free and Ca®*/Mg? " -deficient medium did
not induce egg activation, while culture of eggs in
Ca’*/Mg? " -supplemented medium induced extru-
sion of second polar body in 20% of eggs. A possibility
exists that the presence of calcium in culture medium
might have contributed at least in part towards the egg
activation, particularly the extrusion of second polar
body, but not other morphological features character-
istic of egg activation such as pronuclei formation and
cortical granule exocytosis. These results are in agree-
ment with previous observations that the presence of

calcium in culture medium induces extrusion of
second polar body [11,24-30].

The role of exogenous calcium in inducing egg
activation is further supported by data of the present
study that the lower concentrations of calcium
ionophore induced morphological features character-
istic of egg activation such as extrusion of second
polar body and pronuclei formation in a dose-
dependent manner if cultured in Ca®*/Mg?® " -defi-
cient medium for 3 h. Theses results suggest that
culture of eggs in medium containing lower concen-
trations of calcium ionophore might have increased
[Ca®™]i level and thereby egg activation. Although
we have not measured [Ca®"]i level, previous studies
suggest that calcium ionophore increases intracellular

20 um

20 um -
F

Figure 3. Representative photograph showing effect of pre-incubation of eggs with BHA (100 pum) on calcium ionophore-induced
morphological features characteristic of egg apoptosis. (A) Control egg showing first polar body with no sign of spontaneous activation in
Ca®*/Mg?* -deficient medium (»). (B) Calcium ionophore (1.6 um) treated eggs showing shrinkage, (C) membrane blebbing, (D)
cytoplasmic granulation prior to degeneration (E) (»). Egg pre-incubated with BHA (100 um) for 5 min and incubated with calcium
ionophore (1.6 um) for 3 h showing degenerating first polar body with normal morphology. Bar =20 pm.
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[~ ]

Figure 4. Representative photograph showing calcium ionophore-induced DNA fragmentation in eggs exhibiting morphological apoptotic
features. (A) Control egg without any treatment showing TUNEL negative staining (»). (B) Calcium ionophore (1.6 um) treated eggs
exhibiting shrinkage and (C) cytoplasmic granulation showing TUNEL positive staining (»). Bar =20 pm.

calcium level and induces egg activation in mouse and
rat [24,25]. The lower concentration of calcium
ionophore (0.2 pum) induced pronuclei formation
and appearance of cortical granule even in M-II
arrested eggs. The cortical granules were aligned in
the peripheral area of the egg cytoplasm in the later
stage of treatment. These findings are in agreement
with previous observations that lower concentration
of calcium ionophore increased [Ca®"]i level and
that was not adequate to induce meiotic resumption
but good enough to induce appearance of cortical
granules in treated eggs [7,24,41].

The [Ca®"]i level seems to be crucial during egg
activation or apoptosis. In most instances, a transient
increase of [Ca®™]i is required for a short period of
time to induce egg activation [33,42]; prolonged high
intracellular calcium levels lead to apoptosis [4,20—
22]. In the present study, a shift from egg activation
towards apoptosis was observed if the eggs were
treated with higher concentrations of calcium iono-
phore (0.8 and 1.6 um) for 3 h. The shrinkage was a
first morphological apoptotic feature observed in
most of the treated eggs. The membrane blebbing

954

90+

*x
*
+
801
754
70+ T T :

Control egg Activated egg  Apoptotic egg BHA treated egg

H202 level (ng/egg)

Figure 5. Effect of pre-incubation of BHA (100 pm) on calcium
ionophore-induced generation of intracellular H,O, level in eggs.
Control egg, untreated egg with normal morphology; activated egg,
calcium ionophore (0.4 um) treated egg that had second polar body
with pronuclei; apoptotic egg, calcium ionophore (1.6 um) treated
egg that had morphological apoptotic changes; BHA treated egg,
egg was pre-incubated with 100 um BHA for 5 min and then
incubated with 1.6 um of calcium ionophore for 3 h. Data are mean
(%)+SEM of three replicates. ‘¥ and “**’ denote significantly
higher, compared to control, at p <0.05 and p<0.01 level,
respectively. ‘> denotes significantly lower, compare to apoptotic
egg, at p <0.01 level.

was a second morphological apoptotic feature ob-
served in a few of the treated eggs during later stage of
treatment, while cytoplasmic granulation was a third
morphological apoptotic feature observed just prior
to degeneration of egg. Similarly, previous studies
suggest that calcium ionophore increased [Ca®T]i
level [20,21,43] and induced apoptosis in bovine
oocytes and embryos [18,32]. In the present study, a
higher concentration of calcium ionophore (3.2 um)
induced degeneration in more that 90% of eggs after
3h of culture. The detrimental effects of calcium
ionophore at its higher concentration (3.2 pM) might
be due to complete endogenous burst of Ca?* from
internal source such as mitochondria as reported for
rat somatic cell [23,34]. These results together with
previous findings suggest that lower concentrations of
calcium ionophore induce egg activation whereas
higher concentrations induce morphological apopto-
tic features characteristics of apoptosis prior to
degeneration.

A unique biochemical event in apoptosis that
precedes morphological changes is the activation of
Ca®*/Mg® ' -dependent endonuclease [44]. This en-
zyme cleaves genomic DNA at the enternucleosomal
region resulting in 180—200 base-pair DNA oligonu-
cleosomal fragments. These fragmented DNA can be
detected either in a single cell using an i situ
technique such as TUNEL assay or DNA gel-
electrophoresis [35,45,46]. In the present study,
TUNEL positive staining was observed in a higher
concentration (1.6 pm) of calcium ionophore-treated
eggs that had morphological apoptotic features such
as shrinkage and cytoplasmic granulation. Similarly,
the TUNEL positive staining has been reported in
oocytes that had morphological apoptotic features
[11,35,46,47].

A tonic generation of reactive oxygen species is
beneficial for resumption of meiosis in bovine oocytes
[37], while a cell-permeant antioxidant such as BHA
inhibits resumption of meiosis in rat oocytes cultured
n virro [39]. The exogenous calcium supplementa-
tion induces generation of intracellular H,O, and
thereby apoptosis in rat somatic cell [34]. These
observations suggest that calcium ionophore-induced
egg activation or apoptosis may be associated with the

RIGHTS

Ay



Free Radic Res Downloaded from informahealthcare.com by Newcastle University on 12/03/11
For personal use only

generation of a distinct level of intracellular H,O, in
treated eggs, while BHA could reduce intracellular
H,0, level and protect against calcium ionophore-
induced egg activation and apoptosis. To test this
possibility, we analysed intracellular H,O, in eggs so
that a correlation can be made between calcium
ionophore-induced various morphological changes
and intracellular H,O, level in eggs. Data of the
present study revealed that calcium ionophore in-
duced generation of a tonic level of H,O, in eggs that
underwent egg activation. The pronounced increase
of intracellular level of H,O, was noticed in higher
concentrations of calcium ionophore-treated eggs
that exhibited morphological apoptotic features.
Conversely, BHA not only reduced intracellular
H,O, level but also protected against calcium iono-
phore-induced egg activation and apoptosis. Taken
together, these data suggest that lower concentrations
of calcium ionophore induce generation of a tonic
level (under physiological range) of intracellular
H,0, and thereby morphological features character-
istic of egg activation, while higher concentrations of
calcium ionophore induced generation of higher level
of intracellular H,O, and thereby morphological
features characteristic of egg apoptosis. Conversely,
BHA reduced intracellular H,O, level and thereby
calcium ionophore-induced egg activation and apop-
tosis in rat eggs cultured i vitro. Hence, generation of
a distinct intracellular H,O, levels may determine the
fate of an egg undergoing activation or apoptosis.

In summary, data of the present study clearly
suggest that the generation of distinct levels of
H,0, is associated with calcium ionophore-induced
egg activation and apoptosis. The lower concentra-
tions of calcium ionophore induce generation of a
tonic level of H,O, and thereby egg activation, while
higher concentrations induce more pronounced gen-
eration of H,O, and thereby egg apoptosis.
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