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Abstract

Objective: To explore the ability of diacyl glycerol (DAG) and inositol triphosphate (IP3), two major secondary messengers in the calcium
signaling pathway, in activating oocytes.

Material and Methods: Oocyte cumulus complex obtained from superovulated Swiss albino mice were incubated in M16 medium with
liposome-encapsulated 1,2-Dipalmitoyl-sn-glycerol (LEDAG) and/or IP3 for 3 h. Strontium chloride was used as positive control. The activation
potential, ploidy status, and blastocyst rate was calculated.

Results: Both DAG and IP3, individually, induced activation in ~98% of oocytes, which was significantly higher (p<0.01) than activation induced
by strontium chloride (60%). Delayed pronucleus formation and a higher percentage of diploid parthenotes was observed in oocytes activated
with LEDAG and/or IP3. However, these embryos failed to progress beyond the 6-8—cell stage. Only when the medium was supplemented with
LEDAG (5 ng/mL) and IP3 (10 ug/mL) could activated oocytes progress till the blastocyst stage (5.26%), which was lower than the blastocyst rate
in the positive controls (13.91%).

Conclusion: The results of the present study indicate that DAG and IP3 can induce delayed oocyte activation and poor development of

parthenotes in vitro. (J Turk Ger Gynecol Assoc 2017; 18: 102-9)
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Introduction

Fertilization is a complex process which involves a series of
well-defined morphologic and biochemical events in both
spermatozoa and oocytes (1). The entry of sperm into the oocyte
initiates a signaling cascade, which hydrolyzes the membrane-
bound phosphoinositidyl 4,5 bis phosphate (PIP2) to inositol
triphosphate (IP3) and diacyl glycerol (DAG). DAG causes the
activation of protein kinase C (PKC) (2), and IP3 binds to IP3
receptors present on the surface of the endoplasmic reticulum
(ER) to release Ca?* into the cytoplasm (3), which initiates
multiple downstream events required for zygote formation.

The development of an embryo without the involvement of
spermatozoa (paternal factors) is known as parthenogenesis.

Parthenogenetic embryos play an important role in
understanding the paternal and maternal contribution to
the development of embryos, act as an alternative source of
normally fertilized embryos for quality control experiments in
assisted reproductive technology (ART) laboratories, and as
a source of embryonic stem cells in the field of regenerative
medicine. Even though artificial oocyte activation can be
achieved in vitro using various physical, electrical, and
chemical means (4-6), in vitro development of parthenotes is
characterized by increased embryonic arrest, a high degree
of fragmentation, developmental delay of embryos (7, 8),
decreased blastocyst rate, and low cell number in blastocyst.

The oocyte activation process and the subsequent
development of parthenotes is driven by the calcium
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signaling pathway (7, 9). Artificial oocyte activation agents
generate calcium spikes of lower amplitude, which last
for a short duration when compared with spermatozoa-
induced calcium waves (10). The present investigation was
aimed to study whether using DAG and IP3 exogenously
as activating agents could improve the developmental
potential of activated oocytes. An earlier study showed that
microinjection of the secondary messengers in the calcium
signaling pathway (DAG and IP3) evoked a calcium spike
that was more physiologic and similar to that of natural
stimuli (11). However, whether it would be sufficient to
drive complete activation of oocytes and support embryo
development has not yet been reported. Previous studies
used microinjection for the delivery of the secondary
messengers for oocyte activation, which requires technical
expertise and a sophisticated instrument. In the present
study, we used liposome-encapsulated DAG and IP3
individually and in combination to study their oocyte
activation potential and the subsequent development of
activated oocytes under in vitro conditions.

Material and Methods

Animal handling

Inbred Swiss albino female mice (8-10 weeks) maintained in
the Central Animal Research Facility, Kasturba Medical College,
Manipal University, under standard conditions of temperature
(25+2 °C), humidity (45-55%) and light (12:12 h of light and
dark) were used for the study. The authors assert that all
procedures contributing to this work complied with the ethical
standards of the relevant national and institutional guides on
the care and use of laboratory animals. Prior approval to carry
out the experiment was obtained from the Institutional Animal
Ethics Committee of Kasturba Medical College, Manipal (IAEC/
KMC/64/2013).

Preparation of liposomes encapsulated with 1,2-Dipalmitoyl-
sn-glycerol

1,2-Dipalmitoyl-sn-glycerol (5 mg, Catalogue no. D9135, Sigma)
and soy phosphatidyl choline (45 mg) were dissolved in 15
mL of chloroform in a round-bottomed flask connected to a
rotary flash evaporator (ROTAVAP, Buchhi, Switzerland), and
chloroform was removed under reduced pressure at 40 °C. A
thin film of the lipid mixture and 1,2-Dipalmitoyl-sn-glycerol
was obtained after dessication on the inner wall of the flask.
Ten milliliters of Milli Q water was added to the flask and
agitated using a magnetic bead for 30 min to obtain a milky
white liposomal dispersion. The preparation was frozen at -80
°C, lyophilized for 36 h, and the product formed (white powder)
was stored in the dark at 4 °C till further use.

Parthenogenetic activation

Oocyte cumulus complexes (OCC) were obtained by
superovulating 8-10-week-old inbred Swiss albino female
mice by intraperitoneal (i.p.) administration of 5 IU pregnant
mare’s serum gonadotropin (PMSG; Catalogue no. G4877;
Sigma, St Louis, MO, USA) followed by 10 IU human
chorionic gonadotropin (hCG; Ovutrig-HP, VHB Life Science
Inc. GenBiotech, Mumbai, India) 48 h later. The OCCs were
collected from the oviduct at 13 h after hCG injection in M2
medium. The oocyte activation was carried out by incubating
the OCCs in M16 medium with 10 mM strontium chloride
(SrCl,; Catalogue no; 107865, Merck) in varying concentrations
of liposome-encapsulated diacyl glycerol (LEDAG, 1, 5, 10,
50, 100, 150, 200, 500 ug/mL) and varying concentrations of
inositol triphosphate (IP3, Catalogue no. 17012; Sigma, 5, 10,
25, 50, 100, 200 ug/mL) at 37 °C and 5% COs for 3 h. SrCl,
served as a positive control. After 3 h incubation with the
activating agents, OCCs were denuded by brief incubation
(1 min) in hyaluronidase solution (1 mg/mL in M2 medium)
and observed under a phase contrast microscope to check for
oocyte activation. Activated oocytes with a single pronucleus
and two polar bodies (1PN/2PB) were considered as haploid
parthenotes, and those with two pronuclei and one polar body
(2PN/1PB) were scored as diploid parthenotes. Parthenotes
were washed and cultured in vifro in M16 medium to assess
their developmental potential and blastocyst rate.

Statistical analysis

The data pertaining to the activation potential and
developmental potential of embryos were represented as
percentage and the validity of the data was analysed using the
Chi square test using GraphPad InStat 3.0 statistical package
(GraphPad Inc, USA). Differences were considered to be

statistically significant if p<0.05.

Results

Activation potential of liposome encapsulated Dipalmitoyl-
sn-glycerol and inositol triphosphate

Liposome encapsulated Dipalmitoyl-sn-glycerol (LEDAG):
Strontium chloride (positive control) induced activation in 60%
of oocytes, whereas liposome alone (vehicle control) induced
activation in 40% of oocytes. At all concentrations of LEDAG
used in the study (1, 5, 10, 50, 100, 200 and 500 wg/mL), the
activation rate was ~98% (Figure 1). However, unlike in the
oocytes activated with SrCly, where pronuclei were observed
as early as 3 h after exposure, it took at least 48 h for pronucleus
formation in the LEDAG group, indicating delayed activation.
Incubating oocytes in vitro without any activating agents for up
to 48 h did not cause any oocyte activation, suggesting that the
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activation observed in the LEDAG group was not due to ageing
of oocytes under in vitro conditions.
Inositol triphosphate (IP3): The lowest concentration of [P3 (5
wng/mL) used in the study resulted in 75% activation, whereas at
10 and 25 pug/mL concentration, 100% activation was observed
(Figure 2). With further increase in IP3 concentrations (50, 100,
200 ug/mL), though the activation rate was marginally reduced,
it was significantly higher (p<0.01) than in the positive control,
and lower concentrations of IP3 (25 ug/mL). As observed with
LEDAG, exposure to IP3 also resulted in delayed pronucleus
formation.
Combination of LEDAG and IP3: Varying combinations of IP3
and LEDAG were used to test whether combinations of these
agents reduced the time required for pronucleus formation.
However, LEDAG and IP3 when used in combination, despite
having no dose-dependent effect on activation, ~80-90% of
oocytes were activated in all different combinations used
(Figure 3).
The maximum activation of oocytes was observed in 50 ug/
mL of LEDAG and 10 wg/mL of IP3; therefore, only these
concentrations were used to check the ploidy status and
degeneration/ fragmentation rate of the oocytes.
Degeneration and fragmentation rate of oocytes activated
with LEDAG and IP3: The degeneration and fragmentation
rates were found as 5.13% and 9.2%, respectively, in the positive
control group (SryCl) (Table 1). Neither in the vehicle control
group nor in LEDAG or IP3 group were there any degenerated
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Figure 1. Effect of varying concentrations of diacyl glycerol
on activation potential of mouse oocytes. Bar represents
percentage of oocytes forming pronuclei with activation.
ap<0.001 Sr2+ vs. diacyl glycerol all concentrations; bp<0.0001 VC
vs. diacyl glycerol all concentrations; <p<0.05 VC vs. Sr2+ (n=50,
37, 18, 18, 92, 59, 77, 29, 81, 89 for strontium chloride, vehicle
control, 1, 5, 10, 50, 100, 150, 200, 500 ng/mL respectively)

oocytes. However, 4.47% of oocytes underwent fragmentation
in the vehicle control group, similar to the LEDAG (5.15%)
and IP3 (5.26%) groups, which was lower than in the positive
control group.
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Figure 2. Effect of varying concentrations of inositol
triphosphate on activation potential of mouse oocytes.
Bar represents percentage of oocytes with pronuclei post
activation

ap<0.0001, bp<0.001 vs. Sr2+; <p<0.0001, 9p<0.001 vs. 5 ug/mL of
IP3 (n=50,79, 77, 28, 67, 59, 20 for strontium chloride, 5, 10, 25, 50,
100, 200 pg/mL respectively)
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Figure 3. Effect of varying concentrations of inositol
triphosphate on activation potential of mouse oocytes
ap<0.01 vs. Sr2+; b)p<0.0001 vs. strontium chloride; <p<0.0001 vs.
vehicle control
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Ploidy status of oocytes activated with LEDAG and IP3:
Oocytes from the positive control group had clear pronuclei
formation at 3 h after incubation with SrCl,. Parthenotes derived
from strontium chloride are usually haploid in nature, which
was confirmed from the results of the present study (100%
haploid parthenotes) (Table 1). However, both in the LEDAG
and IP3 groups, pronucleus formation was observed only at 48
h after incubation, indicating a delayed activation process. In
addition, a significantly higher percentage of diploid parthenotes
were observed in the LEDAG (76.92%) and IP3 group (43.75%)
compared with strontium (p < 0.001). Liposomes alone resulted
in the formation of diploid parthenotes in ~ 4% of oocytes.
Developmental potential of oocytes activated with LEDAG
and IP3

LEDAG: In the SrCl, group, within 24 h of activation, 92.92%
of parthenotes progressed to the 2-cell stage (Table 2). The
2-cell rate in the LEDAG group was in the range of 57-85%

and had no concentration-dependent effect (63.16, 84.21,
66.67, 62.67, 82.43, 62.03, and 57.83% in 1, 5, 10, 50, 100,
150, 200 and 500 wg/mL, respectively). Even in the vehicle
control group, 60% of parthenotes progressed to the 2-cell
stage, indicating that the phospholipids present in soy
lecithin or cholesterol itself could induce parthenogenesis.
Except in lower concentrations of LEDAG (1 and 5 ug/
mL), none of the embryos progressed beyond the 6-8—cell
stage. Even in these two concentrations, the embryos were
arrested at the morula stage (5.26 and 13.16% in 1 and 5 ug/
mL, respectively). This indicates that the use DAG alone is
inefficient at driving the whole process of embryogenesis in
activated oocytes.

IP3: A dose-dependent increase in the 2-cell rate was observed
in groups activated with IP3 till 50 ug/mL above which a
decrease in the 2 cell rate was observed (80 and 85% in 100
and 200 wg/mL, respectively) (Table 3). The embryos in lower

Table 1. Degeneration and fragmentation rate of oocyte after activation with various agents

Oocyte activating agents Degeneration rate (%) Fragmentation rate (%) Ploidy status
Haploid (%) Diploid (%)

Strontium chloride 5.13 9.02 100.00 0

Vehicle control 0 4.47 96.10 03.90

Diacyl glycerol (50 ug/mL) 0 5.15 23.08ab 76.92

Inositol triphosphate (10 wg/mL) 0 5.26 56.25a,b 43.75

ap<0.001 vs. strontium chloride; Pp<0.001 vs. vehicle control

Table 2. Developmental potential of oocytes activated with 1,2-Dipalmitoyl-sn-glycerol

Develop-mental | Control | Vehicle Concentration of DAG (ug/mL)
stage (Sr2+) control |1 5 10 50 100 150 200 500
2 cell (%) 92.92 60.00d 63.16¢d 84.21b 66.67¢d 62.67¢d 82.43b 82.76P 62.03¢d 57.83¢d
4 cell (%) 31.67 21.43¢ 23.68¢ 57.89P 35.29d 29.33d 35.14 27.59¢ 24.05¢ 26.51¢
6-8 cell (%) 23.33 0.00 21.05 34.21 9.80¢e 10.67ad 13.51d 3.45¢%¢ 11.39ad 8.43b.e
Morula (%) 15.51 0.00 5.262 13.16 0.00 0.00 0.00 0.00 0.00 0.00
Blastocyst (%) 13.91 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ap<0.05; Pp<0.01; ¢p<0.001 vs. strontium chloride; 9p<0.01; ep<0.001 vs. 5 ug/mL diacyl glycerol
DAG: diacyl glycerol
Table 3. Developmental potential of oocytes activated with inositol triphosphate
Concentration of IP3 (ug/mL)

Developmental stage | Control (Sr2+)

5 10 20 50 100 200
2 cell (%) 92.92 30.30b.cd 61.19> 55.17P 100.00 80.00 85.00
4 cell (%) 31.67 20.00¢ 63.41b 56.252 40.00 75.00P 47.06
6-8 cell (%) 23.33 0.00 42.31a 22.22 0.00 0.00 0.00
Morula (%) 15.51 0.00 0.00 0.00 0.00 0.00 0.00
Blastocyst 13.91 0.00 0.00 0.00 0.00 0.00 0.00
ap<(0.01; Pp<0.001 vs. strontium chloride; ¢p<0.01 vs. 10, 20 ug/mL; d4p<0.001 vs. 100, 200 ug/mL
[P3: inositol triphosphate
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concentrations (10 and 20 wg/mL) progressed till 6-8 cell stage
(42.31 and 22.22%), whereas others were arrested at the 4-cell
stage. Oocytes activated with IP3 failed to progress beyond 6-8
cell stage at all the concentration used, suggesting that even
though the presence of IP3 in activation medium can induce
high oocyte activation (delayed), they cannot support the
development of early embryos.

Combination of LEDAG and IP3: Various concentrations of
DAG (1, 5, 10 ug/mL) and IP3 (1, 5, 10, 20 ug/mL) were assessed
at different combinations to see whether the activation and
developmental potential of parthenotes improved in presence
of the two secondary messengers together. In oocytes activated
with SrCly, around 23% of parthenotes progressed to the 6-8—
cell stage, with a blastocyst rate of 13.91% (Table 4). Oocytes
activated with LEDAG alone developed only till the 4-cell stage,
whereas 50% of oocytes activated with IP3 developed till the
6-8—cell stage. Except in activation medium containing 10 ug/
mL IP3 and 5 ug/mL of LEDAG, the embryos failed to progress
to the blastocyst stage in all other combinations. In this group,
the blastocyst rate was found to be 5.26%, which was lower
than in the positive control.

Discussion

In this study, we explored the ability of major secondary
messengers in calcium signaling pathway, diacyl glycerol and
inositol triphosphate as oocyte activating agents. In previous

studies, the microinjection approach was used to deliver
secondary messengers for oocyte activation (12, 13), which
itself is limited by the presence of Ca2+ in the injection medium
(14, 15), as well as pressure of injection (16). In the present
study, IP3 was directly dissolved in the activation medium,
and liposomes were used for the delivery of DAG due to their
insoluble nature in aqueous solutions.

The use of DAG and IP3, alone and in combination, efficiently
activated oocytes, with a lower percentage of degeneration and
fragmentation in activated oocytes. Earlier studies observed
that microinjection of DAG and IP3 into oocytes could elicit
a similar pattern of calcium oscillation as observed during
normal fertilization (2, 11-13). The presence of liposomes
could induce activation in oocytes indicates that phospholipids
present in soy lecithin and cholesterol also have the potential
to cause artificial oocyte activation. To support this, earlier
reports available in the literature showed that cholesterol could
cause oocyte activation by increasing the intracellular calcium
concentration (17), and phospholipids could cause oocyte
activation through activation of protein kinase C (18).

One of the major limitations of using these agents for oocyte
activation was the delay observed in the process of pronucleus
formation, which took almost 48 h, unlike in strontium chloride,
which takes only 3 h. Strontium chloride is known to cause
long-lasting Ca2* transients during artificial oocyte activation
(13). In contrast, the microinjection of IP3 and its agonist was
reported to result in calcium oscillations in a higher frequency

Table 4. Developmental potential of oocytes activated with varying combinations of inositol triphosphate and

diacyl glycerol
Concentrations of IP3 and DAG Developmental stage of embryo (%)
No. of oocytes
IP3 (ug/mL) DAG (ug/mL) 2 cell (%) 4 cell (%) 6-8 cell (%) Blastocyst (%)
Sr2+ 50 92.92 31.67 23.33 13.91
VC 37 60.00 21.43 0
5 1 24 47.624d 40.00f 0.00 0.00
5 28 63.164.h 58.33¢.en 04.17ds 0.00
5 10 34 73.68¢i 50.000:8 10.71bf 0.00
10 1 36 19.44bi 28.57 0.00 0.00
10 5 40 58.800 47.50af 42.10b.es 05.26
10 10 32 56.25P 44.44f 0.00 0.00
20 10 30 38.64bk1lm 17.651.8n 38.64a.es 0.00
50 1 52 50.000 11.548.ar 0.00 0.00
100 1 52 61.54b 40.63f 0.00 0.00
500 1 62 67.74bi 28.57 02.38b:8 0.00

DAG: diacyl glycerol; IP3: inositol triphosphate

ap<(.05; Pp<0.01; ¢p<0.001; 9p<0.001 vs. Sr2+; ep<0.01; p<0.001; 8p<0.001 vs. VC; hp<0.05; ip<0.01 vs. 5 and 1 ug/mL of IP3 and DAG respectively;
ip<0.001 vs. all other combinations; kp<0.01 vs. 5 and 5, 100, and 1, 500 and 1 ug/mL of IP3 and DAG respectively; [p<0.001 vs. 5 and 10 ug/mL of IP3 and
DAG respectively; mMp<0.01, "p<0.001 vs. 10 and 5, 10 and 10 ug/mL of IP3 and DAG respectively; °p<0.01 vs. 5 and 1, 100 and 1 ug/mL of IP3 and DAG
respectively; Pp<0.0001 vs. 5 and 5, 5 and 10, 10 and 5, 10 and 10 ug/mL of IP3 and DAG respectively; 9p<0.01 vs. 10 and 1, 500 and 1 ug/mL of IP3 and DAG
respectively; 'p<0.0001 vs. all other combinations; sp<0.0001 vs. 5 and 5, 5 and 10, 500 and 1 ug/mL of IP3 and DAG respectively.
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than during normal fertilization (9, 13, 19-21), leading to a rapid
desensitization of calcium stores (19, 20).

Strontium-induced oocyte activation is mediated through TRPM
ion channels activating store-operated calcium (SOC) entry to
refill endoplasmic stores to generate the transient calcium wave
(22). Even though DAG activates TRPM channels directly (23-25),
it fails to activate its downstream signaling molecules (24, 26)
and SOC (23). Even uptake of Sr2*+ and CaZ* was hindered by
the addition of DAG due to inactive SOC (23). A similar result
was also observed in our study; the addition of Sr2+ after DAG
activation failed to rescue delayed activation caused by DAG
(data not shown). We hypothesize that the Ca2t entry during
DAG induced oocyte activation is through activating plasma
membrane SOCs (23), which results in slow Ca2t entry to
oocytes and hence the delayed activation process. In the
present study, we used 1,2-Dipalmitoyl-sn-glycerol, which has
saturated fatty acids. It may be interesting to see whether the
type of fatty acid present in DAG has any significant difference
in calcium metabolism because wide varieties of saturated and
unsaturated fatty acids are found in the cell membrane of the
oocyte. Similarly, it is difficult to explain why IP3 causes a similar

A B

delay in activation and poor embryo development. It could
be due to the shorter half-life of IP3 (27) and therefore, may
require frequent additions of IP3 to induce the sufficient calcium
spike required for the development of parthenotes. In addition,
whether the soluble IP3 present in the medium can efficiently
enter the oocyte must be ascertained in further experiments.
DAG and IP3, individually, were not capable of driving the
development of parthenotes till the blastocyst stage. A similar
observation was made by Schoenbeck et al. (11), who found
that microinjection of DAG (1,2-Dioctanoyl-sn-glycerol) activated
porcine oocytes efficiently but resulted in an arrest at the 4-cell
to 6-8—cell stage. The poor development observed in the present
study could also be related to the increased oocyte ageing because
pronucleus formation itself takes almost 48 h from the collection
of OCCs. Aged oocytes are known to have poor developmental
potential in vitro (28, 29). However, when both these agents are
used together, the intracellular calcium rise may be much higher
than when they are used alone. The proposed mode of action of
DAG and IP3 in oocyte activation is depicted in Figure 4.

During artificial activation of oocyte, cytochalasin D, a
microtubule inhibitor, is usually used to derive the diploid

Sr2* LEDAG

TRPV3 T TRPV3 ¢ o

3

48h

Pronuclear formation

¥ v

Blastocyst formation

Delayed PN formation

Cleavage arrest

IP3 LEDAG IP3

Delayed PN formation

v

Poor developmental potential
Poor Blastocyst formation

Figure 4. Mode of action of diacyl glycerol and inositol triphosphate in oocyte activation. A) Mode of action of strontium
chloride-induced oocyte activation as proposed by Carvacho et al. (22). B) and C) Expected mode of action of diacyl glycerol
and inositol triphosphate alone and in combination in inducing oocyte activation

LEDAG: Liposome-encapsulated diacyl glycerol; Sr2+: Strontium; PN: Pronucleus; PLC*: Inactivated phospho lipase C; TRPV3: Transient

receptor potential cation channel, subfamily V, member 3
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parthenogenetic embryos (30, 31). Both DAG and IP3 were
shown to increase the percentage of diploid parthenotes
obtained after activation. In mouse oocytes, the use of protein
kinase C as artificial oocyte activating agents are reported to
form embryos without the extrusion of the polar body (2, 32,
33). Earlier studies proved that DAG and IP3 could activate
protein kinase C (34, 35). Therefore, use of DAG and IP3, alone
or in combination, can help to derive diploid parthenotes
without using any microtubule inhibitors. The toxicity exerted
by microtubule inhibitors on the development of embryos
(36, 37) can be minimized because they are part of the
calcium signaling pathway. This is further supported by the
low degeneration rate and fragmentation of activated oocytes
observed in our study.

In conclusion, liposomes can be used as an approach to deliver
DAG across the oolemma. DAG and IP3, when used individually
or in combination, induce delayed oocyte activation and
poor embryo development. These agents may have potential
application in developing diploid parthenotes when used along
with efficient activating agents such as strontium because they
are shown to give rise to 50% of diploid parthenotes without
using any cytokinesis inhibitors during activation. Further
studies are essential to understand the exact mechanism of
action of these two agents in inducing delayed oocyte activation
when supplemented exogenously.

Ethics Committee Approval: Ethics committee approval was
received for this study from the Institutional Animal Ethical
Committee of Kasturba Medical College, Manipal (IAEC/
KMC/64/2013).

Informed Consent: Not Applicable.
Peer-review: Externally peer-reviewed.

Author Contributions: Concept - G.K.; Design - G.K.;
Supervision — G.K.; Materials — G.K., S.M.; Data Collection and/
or Processing — R.N., J.M., A.R.H.; Analysis and/or Interpretation
- R.N., G.K.; Literature Review — R.N.; Writer - G.K.; Critical
Review - S.K.A., S.M.

Contflict of Interest: No conflict of interest is declared by the
authors.

Financial Disclosure: Department of Health Research (DHR),
Indian Council of Medical Research (ICMR), Government
of India (DHR/HRD/Women scientist/Type-V/8/2014-15) and
Department of Biotechnology (DBT), Government of India (BT/
PRI15130/GBD/27/328/2011).

References

1. Schultz RM, Kopf GS. Molecular basis of mammalian egg activation.
Curr Top Dev Biol 1995; 30: 21-62.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Cuthbertson KS, Cobbold PH. Phorbol ester and sperm activate
mouse oocytes by inducing sustained oscillations in cell Ca2+.
Nature 1985; 316: 541-2.

Berridge MJ. Inositol trisphosphate and calcium signalling
mechanisms. Biochim Biophys Acta 2009; 1793: 933-40.
Cuthbertson KS. Parthenogenetic activation of mouse oocytes in
vitro with ethanol and benzyl alcohol. J Exp Zool 1983; 226: 311-4.
Zimmermann U, Vienken J. Electric field-induced -cell-to-cell
fusion. J Membr Biol 1982; 67: 165-82.

Kline D, Kline JT. Repetitive calcium transients and the role of
calcium in exocytosis and cell cycle activation in the mouse egg.
Dev Biol 1992; 149: 80-9.

O'neill GT, Rolfe LR, Kaufman MH. Developmental potential
and chromosome constitution of strontium-induced mouse
parthenogenones. Mol Reprod Dev 1991; 30: 214-9.

Hardy K, Handyside AH. Metabolism and cell allocation during
parthenogenetic preimplantation mouse development. Mol Reprod
Dev 1996; 43: 313-22.

Swann K, Ozil JP. Dynamics of the calcium signal that triggers
mammalian egg activation. Int Rev Cytol 1994; 152: 183-222.
Grupen CG, Nottle MB, Nagashima H. Calcium release at
fertilization: artificially mimicking the oocyte's response to sperm. J
Reprod Dev 2002; 48: 313-33.

Schoenbeck RA, Peters MS, Rickords LF, Stumpf TT, Terlouw SL,
Prather RS. Diacylglycerol-enhanced electrical activation of porcine
oocytes matured in vitro. Theriogenology 1993; 40: 257-66.

Hartzell HC. Activation of different Cl currents in Xenopus oocytes
by Ca liberated from stores and by capacitative Ca influx. J Gen
Physiol 1996; 108: 157-75.

Jones KT, Whittingham DG. A comparison of sperm-and IP
3-induced Ca2+ release in activated and aging mouse oocytes. Dev
Biol 1996; 178: 229-37.

Bezprozvanny I, Watras J, Ehrlich BE. Bell-shaped calcium-response
curves of Ins (1, 4, 5) P3-and calcium-gated channels from
endoplasmic reticulum of cerebellum. Nature 1991; 351: 751-4.
Finch EA, Turner TJ, Goldin SM. Calcium as a coagonist of inositol
1, 4, 5-trisphosphate-induced calcium release. Science 1991; 252:
443-6.

Jones KT, Nixon VL. Sperm-induced Ca(2+) oscillations in mouse
oocytes and eggs can be mimicked by photolysis of caged inositol
1,4,5-trisphosphate: evidence to support a continuous low level
production of inositol 1, 4,5-trisphosphate during mammalian
fertilization. Dev Biol 2000; 225: 1-12.

Yesilaltay A, Dokshin GA, Busso D, Wang L, Galiani D, Chavarria T,
et al. Excess cholesterol induces mouse egg activation and may
cause female infertility. Proc Natl Acad Sci U S A 2014; 111: 4972-80.
Nuccitelli R. Mechanisms of egg activation. Springer Science &
Business Media; 2013.

Fissore RA, Robl JM. Sperm, inositol trisphosphate, and thimerosal-
induced intracellular Ca 2+ elevations in rabbit eggs. Dev Biol 1993;
159: 122-30.

Galione A, Swann K, Georgiou P, Whitaker M. Regenerative and
non-regenerative calcium transients in hamster eggs triggered by
inositol 1, 4, 5-trisphosphate. J Physiol 1994; 480: 465-74.

Swann K. Ca 2+ oscillations and sensitization of Ca 2+ release in
unfertilized mouse eggs injected with a sperm factor. Cell calcium
1994; 15: 331-9.

Carvacho [, Lee HC, Fissore RA, Clapham DE. TRPV3 channels
mediate strontium-induced mouse-egg activation. Cell Rep 2013;
5: 1375-86.

Ma HT, Patterson RL, van Rossum DB, Birnbaumer L, Mikoshiba K, Gill
DL. Requirement of the inositol trisphosphate receptor for activation
of store-operated Ca2+ channels. Science 2000; 287: 1647-51.



J Turk Ger Gynecol Assoc 2017; 18: 102-9

Nair et al.
Oocyte activation by inositol triphosphate and diacyl glycerol

109

24.

25.

26.

27.

28.

29.

30.

Kim YH, Park CK, Back SK, Lee CJ, Hwang SJ, Bae YC, et al.
Membrane-delimited coupling of TRPVI and mGIuR5 on
presynaptic terminals of nociceptive neurons. J Neurosci 2009; 29:
10000-9.

Woo DH, Jung SJ, Zhu MH, Park CK, Kim YH, Oh SB, et al. Direct
activation of transient receptor potential vanilloid 1 (TRPV1) by
diacylglycerol (DAG). Mol Pain 2008; 4: 42.

Yoo S, Lim JY, Hwang SW. Sensory TRP channel interactions with
endogenous lipids and their biological outcomes. Molecules 2014;
19: 4708-44.

Sims CE, Allbritton NL. Metabolism of inositol 1, 4, 5-trisphosphate
and inositol 1, 3, 4, 5-tetrakisphosphate by the oocytes of Xenopus
laevis. J Biol Chem 1998; 273: 4052-8.

Plante L, King WA. In vitro development of spontaneously activated
bovine oocytes. J Assist Reprod Genet 1996; 13: 435-46.

Krisher RL. The effect of oocyte quality on development. J Anim Sci
2004; 82: 14-23.

Kubiak J, Paldi A, Weber M, Maro B. Genetically identical
parthenogenetic mouse embryos produced by inhibition of the first
meiotic cleavage with cytochalasin D. Development 1991; 111: 763-
9.

31.

32.

33.

34.

35.

36.

37.

Chaigne A, Campillo C, Voituriez R, Gov NS, Sykes C, Verlhac MH, et
al. F-actin mechanics control spindle centring in the mouse zygote.
Nat Commun 2016; 7: 10253.

Colonna R, Tatone C. Protein kinase C-dependent and independent
events in mouse egg activation. Zygote 1993; 1: 243-56.

Raz T, Ben-Yosef D, Shalgi R. Segregation of the pathways leading to
cortical reaction and cell cycle activation in the rat egg. Biol Reprod
1998; 58: 94-102.

Gallicano GI, McGaughey RW, Capco DG. Activation of protein
kinase C after fertilization is required for remodeling the mouse
egg into the zygote. Mol Reprod Dev 1997; 46: 587-601.

Nishizuka Y. Intracellular signaling by hydrolysis of phospholipids
and activation of protein kinase C. Science 1992; 258: 607-15.
Bousquet PF, Paulsen LA, Fondy C, Lipski KM, Loucy KJ, Fondy TP.
Effects of cytochalasin B in culture and in vivo on murine Madison
109 lung carcinoma and on B16 melanoma. Cancer Res 1990; 50:
1431-39.

Yan CL, Fu XW, Zhou GB, Zhao XM, Suo L, Zhu SE. Mitochondrial
behaviors in the vitrified mouse oocyte and its parthenogenetic
embryo: effect of Taxol pretreatment and relationship to
competence. Fertil Steril 2010; 93: 959-66.



