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Abstract
Project Code: PDF 4480053
Project Title: Effects of calcium ionophore A23187, 7% ethanol and antibiotics reagents
(puromycin/sulphadiazine) on cortical granule exocytosis in porcine oocytes matured in vitro
Investigator: Dr Samur Thanoi, Department of Anatomy, Facuity of Medical Science,
Naresuan University, Phitsanulok, 65000

E-mail Address: samurt@nu.ac.th

Project period: 2 years (1 July 2001-30 June 2003)

Cortical granule exocytosis occurs when the first sperm fertilizes oocyte to prevent
polyspermy. Apart from sperm penetration, many artificial stimulators have been reported to
induce cortical granule exocytosis in mammalian oocytes, including pigs. However, little detailed
classifications of the degree of exocytosis after the stimulation have been done. This study is,
therefore, aimed to investigate the degree of exocytosis in porcine ococytes matured in vitro after
the stimulation with artificial stimulators and its role in preventing polyspermy. Oocytes were
matured in vitro for 48 h. Denuded matured oocytes and zona-free cocytes were then stimulated
with each stimulator, including sperm penetration as a control group. Degrees of exocytosis
were monitored at 0, 6, 12 and 24 h after stimulations as well as the number of sperm
penetration. The results showed that calcium ionophore A23187 and 7% ethanol can induce
cortical granule exocytosis in a similar manner with sperm penetration in zona intact oocytes
while the stimulations with sulphadiazine and puromycin showed very little effect on the release
of cortical granules. Similarly, calcium ionophore seemed to be the most effective stimulator to
induce complete CG exocytosis in zona-free oocytes. Polyspermic fertilization in zona intact and
zona free oocytes after the stimulation with artificial stimulators was reduced significantly when
compared to the control group, especially when oocytes were treated with ethanol and calcium
ionophore. However, further studies are needed to investigate effects of each stimulator in the

modifications of cortical granules to prevent polyspermy in porcine oocytes fertilized in vitro.
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reported to induce the cortical granule exocytosis in the matured porcine cocytes. However,
most of these studies observed only the release of cortical granules without the classification of
the degree of exocytosis. Therefore, three artificial stimulators; calcium ionophore A23187, 7%
ethanol and antibiotic reagents (puromycin/sulphadiazine) will be used in the present study to
investigate their influence on cortical granule exocytosis in porcine oocytes in comparison with
the positive (sperm penetration) and negative (oocyte alone) controls. Three categories of
exocytosis; complete cortical granule exocytosis with even distribution of exudate in the entire
perivitelline space (type 1), complete exocytosis with partial distribution of exudate (type 1),
and incomplete cortical exocytosis (type I}, will be monitored after the cocytes are treated
with each stimulator.

In addition, the effects of artificial stimulators on cortical exocytosis will alsc be
investigated in the zona-free oocytes in order to better understanding the role of cortical
reaction in preventing polyspermy without the influence from zona hardening. The degree of
exocytosis and the corical granule indices, such as the number of sperm penetration, will be
monitored after sperm insemination. The overall results from this present study would,
therefore, enable us to further understand the mechanisms of cortical granule exocytosis and
its role in preventing polyspermy, which will provide us the information to improve techniques in

both human and veterinary reproductive medicine.
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8. InnlszasAnasinganis

8.1 To determine the effects of artificial stimulators in cortical granule exocytosis in in vitro-
matured porcine oocytes.

8.2 To compare the degree of exocytosis induced by artificial stimulators with the positive
(sperm penetration) and negative (oocyte alone) controls.

8.3 To determine the effects of artificial stimulators in cortical granule exocytosis in zona-
free
oocytes.

8.4 To investigate whether or not the cortical reaction alone (without zona reaction) can

prevent polyspermy in porcine oocytes.



9. HaMUAIBMALIIDY (Literature review) WAY LANANTBNIBY

Blocks to polyspermic fertilization are necessary to prevent the incorporation of two or
more sperm nuclei into a zygote's genome, which would result in abnormal development. In
most mammals, the primary block to polyspermy occurs at the zona pellucida. Many
mammalian eggs utilise both an extracellular zona pellucida block and a plasma membrane
block to polyspermy{Ducibella, 1996). Although little is known about plasma membrane block
in mammals, fertilization results in zona glycoprotein modifications caused by enzymes
released by the egg and its cortical granules. The ability of cocyte to cause cortical granules
release and block to polyspermy develops near the time of ovulation (Ducibella et al., 1988).
Development of normal activation competence is likely to involve preovulatory changes in the
oocyte's ability to signai the release of intracellular calcium as well as to respond to this
calcium increase, resulting in cortical granule exocytosis (Ducibella, 1996). The ZP2-specific
glycoprotein may be released during the cortical granule exocytosis which occurs during
meiotic maturation following sperm-egg fusion (Bauskin et ai., 1999). In hamsters, for example,
fertilization triggers a wave of cortical granule exocytosis in the egg that is the consequence of
an increase in intracellular free calcium concentration. Cortical granules (CGs) contain a high
concentration of total calcium. They represent a major cortical storage site of calcium in the
€gg. and exchange part of their accumulated calcium by an ATP dependent mechanism (Gillot
et al., 1991). The activated hamster eggs underwent cortical granule decondensation just prior
to and at the time of exocytosis. Activated eggs exhibited dramatic decreases in the number
of hamster sperm penetrating the cytoplasm, suggesting that a plasma membrane block to
polyspermy is temporally related to cortical granule exocytosis (Cherr et al., 1988). Cortical
reaction in hamster eggs was completed 9 minutes after sperm fusion in vitro, and 3 minute
after the formation of zona and cell surface block to polyspermy (Stewart-Savage and Bavister,
1991)

In porcines, polyspermy is one of the unresolved problems that exist regarding porcine
oocytes matured and inseminated in vitro (Wang et al., 1997a). The study of CG distribution in
porcine oocytes during IVM and IVF indicated that CGs are distributed in the cortex cytoplasm
of oocytes at the germinal vesicle stage (GV). As nuclear maturation proceeded to metaphase
I and metaphase I, CGs migrated centrifugally to the cortex and formed a continuous

monolayer under the oolemma. No distinct CG-free domain was observed in the oocytes



during maturation. The migration of CGs to the cortex continued during maturation, with an
increased CG density after the GV stage. All oocytes penetrated by spermatozoa were
activated and released CGs from ooplasm at 18 h after insemination. Complete CG exocytosis
was observed in 45% of oocytes, and none was observed in nuclear-inactivated oocytes
(Wang et al., 1997b). Additionally, the morphotogical differences in porcine oocytes matured in
vivo {ovulated oocyte) and in vitro, with particular reference to the potential relationship
between oocyte morpholagy and the occurrence of polyspermy after in vitro fertilization (IVF)
have been investigated. Ovulated oocytes have clear areas in the cytoplasm cortex, while in
vitro-matured oocytes have very dense cortex. The diameter of ovulated oocytes with zona
pellucida was significantly (P<0.001) greater than that of in vitro-matured oocutes. However,
no difference was observed in the diameter of the oocyte proper. Significantly (P<0.001)
thicker zona pellucida and wider perivitelline space were observed in the ovulated cocytes.
Polyspermy rate was significantly (P<0.01) higher in in vitro-matured cocytes (65%) than those
in ovulated oocytes (28%). CGs of ovulated oocytes appeared more aggregated than those of
in vitro-matured oocytes. However, most of CGs were released from both groups of cocytes 6
h after IVF regardless of whether they were polyspermic or monospermic oocytes indicating
that in vitro-matured and in vivo-matured porcine oocytes posses equal ability to release CGs
on sperm penetration (Wang et al., 1998a).

Cortical granule (CG) exocytosis of matured porcine oocytes has been classified into
three categories after in vitro fertilization: complete CG exocytosis and even distribution of
exudate in the entire perivitelline space (type |); complete exocytosis and partial distribution of
exudate (type Il) and incomplete CG exocytosis (type lil) (Kim et al., 1996). The incidence of
oocytes with type | exocytosis was higher in oocytes matured in vivo than in those matured in
vitro (Kim et al., 1996). These categories will, therefore, be used in the present study to
evaluate the effect of different stimulators in CG exocytosis in porcine oocyles.

Apart from fertilization, many stimulators have been reported to induce CG exocytosis
in mammalian eggs. Porcine oocytes injected with a crude extract isolated from boar sperm
showed cortical granule exocytosis, they resumed meiosis and entered first interphase:
pronuclei were formed in 89.2% of the cases. Pronuciear formation was accompanied by the
appearance of a new 22 kDa protein as normally seen at fertilization.

Of the succesfully
injected ococytes 51.7% cleaved and 2.0% developed to the blastocyst stage after being



cultured for 7 days in NCSU 23 medium (Machaty et al., 2000). Preculture of cocytes in
medium containing 30% oviductal fluid increased type | cortical granule reaction and
increased resistance of the zona pellucida to dissolution by 0.1% (w/v) pronase at the time of
sperm penetration (Kim et al., 1996). Thimerosal is one of the most effective artificial activators
to mimic sperm-induced increases in the intracellular free calcium concentration and other
activation events in porcine oocytes. When porcine oocytes matured in vitro were exposed to
200 microM thimerosal, the first inctracellular calcium transient was observed 509.64 +/-
122.03 s after the addition of thimerosal. The density of CGs felt significantly from 63.3 +/ -
11.7 CGs/100 micron’ cortex to 25.7 +/ - 19.2 CGs/100 micron® (59.4% release) at 2 min after
the first intracellular calcium transient. The CG density reduced to 10.7 +/ - 10.4 CGs/100
micron’ (83.1% release) at 5 min after the first intracellular calcium transient, and no further
decrease was observed at 10 min. This degree of exocytosis was the same as that in oocytes
penetrated by sperm (9.5 +/ - 5.1 CGs/100 micronz). In addition, in vitro fertilization of
thimerosal-treated oocytes with pre-incubated (capacitated) spermatozoa showed that the
zona block to sperm penetration within 35 min after CG exocytosis and 40 min after the first
calcium transient. These results indicate that the polyspermic penetration of porcine oocytes
inseminated in vitro is not due to delayed or incomplete CG exocytosis but more likely to a
delayed zona reaction and/or simultaneous sperm penetration (Wang et al., 1999a).

Calcium ionophore A23187 can also parthenogenetically activate oocytes in many
animals (Ducibella et al., 1988, Wang, et al., 1997b, Ruddock et al., 2000). The effects of the
concentration of A23187 on intracellular calcium transients, cortical granule exocytosis,
nuclear activation, and zona reaction, which was determined by zona hardening and sperm
penetrability, have been examined in in vitro-matured porcine oocytes. It was found that the
amplitude of the intracellular calcium transients, percentage of CG exocytosis, and percentage
of pronuciear formation were increased in a concentration-dependent manner. The time for
dissolution of zona pellucida (ZP) was increased in the oocytes treated with 25-100 microM
A23187. Penetration of the ZP-intact oocytes by spermatozoa was decreased and only 3-4%
of oocytes were penetrated by spermatozoa after 50-100 microM treatment. Only 2% of
oocytes with ZP-intact were penetrated by spermatozoa, whereas that of the oocytes without
ZP were 92%. These results indicate that activation of porcine cocytes by A23187 is the result

of A23187-induced intracellular calcium increase and A23187-induced cortical reaction can



prevent sperm penetration of the ZP-intact cocytes, but not ZP-free oocytes (Wang et al.,
1998b). Complete CG exocytosis induced by A23187 was 10% of the entire oocytes (Wang et
al., 1997b). When porcine oocytes were exposed to 50 microM A23187 for 5 min in a medium
with or without calcium, a significant increase in the [Caz+]i was observed in medium with
calcium but not in medium without calcium. However, cortical granule exocytosis and
pronuciear formation were observed in oocytes treated with calcium ionophore A23187
irrespective of the presence or absence of calcium in the medium indicating that A23187 can
induce porcine cocyte activation in calcium-free medium without a typical increase in the
[Ca®']i and that A23187-induced porcine oocyte activation is accompanied by an increase in
[pH]i (Wang et al., 1999b).

Exposure of eggs to a voltage pulse of 1 kV/cm for 100 microseconds resulted in
localised exocytosis of the contents of cortical granules and development of partial fertilization
envelop (Rossignol et al., 1984). Adequate electrostimulation induces changes in both cortical
granuie exocytosis and protein synthesis similar to those induced by sperm penetration in
porcine oocytes. The Ca’ transient increase is triggered by an influx of extracellular ca”
immediately after electrostimulation. A single electrical pulse can only induce a single ca’”
transient which usually lasts three to five minutes, and no further Ca’" transient are observed
unless additional electrical stimuli are applied. By contrast, sperm-induced activation is
characterised by a series of Ca®" spikes which continue for at least 3 h after sperm-egg fusion.
The overall results demonstrate that although electrostimulation induces both CG exocytosis
and protein reprogramming in porcine cocytes, it does not reproduce the pattern of ca*’
changes as induced by sperm entry at fertilization (Sun et al., 1992). An electrical pulse
induced 89% of nuclear activation in matured porcine cocytes, and CG exocylosis was
observed only in nuclear-activated oocytes with an average residual number of 6.4 +/- 9.4
CGs/100 microm’ of cortex. Complete CG exocytosis induced by an electrical pulse was 25%
of the entire oocytes (Wang et al., 1997). Moreover, it has been reported that calcium
ilonophore A23187 and electrical pulse induced 75.7% and 76.9% of cortical granules to be
released from the porcine oocytes respectively, while sperm penetration induced 86.3% of
CGs to be released. Oocyte activation induced by A23187 and sperm penetration resulted in a
zona reaction, which prevented sperm penetration after insemination or re-insemination

respectively, whereas, activation induced by electrical pulse did not cause a zona block (Wang

10



et al., 1998c).

Ethanol has also been reported to elicit the cortical exocytosis in the oocytes of some
species, similarly to that occurs during fertilization (Tatone et al., 1999). Bovine cocytes
treated with 7% ethanol {v/v) for 5 min showed that 71.7% of the entire cocytes were activated
as shown by the resumption of meiosis and the formation of female pronuclei (Li et al., 1999).

It has been suggested that ethanol induces a single transient rise in [Ca’']iin oocytes, and the
duration of the rise in [Ca”]i was significantly longer than that by spermatozoa at fertilization
(Nakada and Mizuno, 1998). In porcines, treatment of matured oocytes with 7% ethanol
induced an increase in intracellular pH accompanied parthenogenetic activation of the oocytes
{(Ruddock et al., 2000).

The use of antibiotic reagents on oocyte activation has also been reported
experimentally in some species., Cycloheximide treatment of metaphase il-arrested mouse
oocytes resulted in resumption of meiosis (Moos et al., 1996). Brief exposure of mouse
oocytes to calcium ionophore A23187 followed by 6 h in 10 Llg/ml cycloheximide resulted in
93.8% oocyte activation (Hagemann et al, 1995). In addition, combined ethanol and
cycloheximide treatment of bovine cocytes matured in vitro (IVM) resuited in 98% and 100% of
activation rates in young (20 h IVM) and aging (40 h IVM) oocytes, respectively (Presicce and
Yang, 1994). Similarly, it has been reported that in vitro maturation of young bovine oocytes
sequentially activated with calcium ionophore and cycloheximide have cytoplasmic chromatin
material adjacent to the second polar body, leading to a high enucleation rate (Nour and
Takahashi, 1999). In porcines, treatment with cycloheximide after ethanol and calcium
ionophore treatment increased the incidence of oocyte activation (Cha et al., 1997). Puromycin
is widely used for IVM of human oocytes. Human oocytes exposed to puromycin resulted in
oocyte activation (Balakier and Casper, 1993, Yamano et al., 2000). Treatment of aged human
oocytes with 10 Llg/ml puromycin for 6-8 h and further cultured for 12-15 h induced 90.5% of
oocyte activation (De Sutter et al., 1994). It has been suggested that puromycin induces
haploid as well as diploid parthenogenesis in aged human oocytes. Treatment of human
oocytes with 10 llg/mi puromycin for 5-10 h yields the highest percentage of activation, and

almost all parthenogenetically activated oocytes enter or develop beyond the first cleavage
mitosis (De Sutter et al., 1992). However, it appeared to be no report on the effects of

antibiotics on cortical granule exocytosis from the oocytes. Therefore, the present study will be
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the first to report the effects of antibiotic reagent, puromycin, on cortical granule exocytosis in
porcine oocytes. With the consultant of the veterinarians from the local veterinary center and
the pig farm in the Technology Rajamonkol Collage in Phitsanulok, Sulphadiazine is generally
used for the treatment of infection in reproductive organs of pigs, such as metritis. One bolus,
which contains 1.0 g sulphadiazine, will be administered as a whole at the fornix of the vagina
for 40 kg pig daily until the symptoms have resolved or up to a maximum of five consecutive
days. Therefore, sulphadiazine will be another reagent used in the present study to study its
effects on CG exocytosis in porcine cocytes in comparison with that of puromycin.

From the published literature, there is still controversial about the effects of artificial
stimulators on CG exocytosis in porcine oocytes. The present study is, therefore, designed to
examine the ability of different artificial stimulators: calcium ionophore A23187, 7% ethanol and
antibiotic reagents (puromycin/sulphadiazine), in inducing the release of cortical granules in in-
vitro matured porcine oocytes. Three categories of cortical granule (CG) exocytosis classified
by Kim et al. (1996) will be monitored and used for the comparison. The results from this part
of the study will provide us a better understanding in the mechanisms of CG exocytosis in
porcine oocytes, and the information on artificial stimulators in inducing CG exocytosis could
be useful in developing the techniques to prevent polyspermy in in vitro fertilization in porcines.
The use of antibiotics to induce cortical granule exocytosis could aiso provide us new
informations whether or not the consumptions of the antibiotics have a side effect in the
difficulties in fertilization in both mammals and humans. On the other hand, if the use of
antibiotics do prevent fertilization, the use of antibiotics could lead to further investigations and
could possibly be developed as a contraceptive reagent. In addition, the study in the effects
of artificial stimulators on CG exocytosis and the percentage of polyspermic fertilization will
also be performed in the zona-free porcine oocytes. This part of the study is designed to
investigate the degree of exocytosis in zona-free oocytes, as well as, to examine the role of
corticail reaction to polyspermy without the influence from zona hardening. Again, the results

from this apart of the study will provide us a clearer view of the mechanisms to prevent

polyspermic fertilization in porcine oocytes.
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10. szilinui_Y
10.1 Oocyte collection and maturation

Porcine ovaries will be removed from the animals at a staughterhouse. The ovaries will
immediately be transferred to the laboratory in normal saiine (0.9% NaCl) at 18-24°C. The
oocytes will be aspirated from 2-8 mm ovarian follicles using 10 cc sterile syringes and 18-G
sterile, disposable needles. The oocytes with a compact cumulus mass (more than 3 layers of

tight cumulus cells) and evenly granulated cytoplasm will be selected for use.

The oocyte maturation will be performed in oocyte maturation medium containing

Hepes-buffered TCM-189 (Sigma Chemical CO, St Louis, MO) supplemented with 10% (v/v)
heat-treated fetal calf serum (56°C for 30 min.) and 10 iu/ml PMSG, 10 iu/ml hCG and 1 Wg/ml
17—B estradiol. pH will be adjusted to 7.3-7.4 using 1M NaOH. Selected oocytes will then be

washed 3 times in maturation medium and placed into 50 Ll maturation medium droplets (10-

15 oocytes per droplet) in 60 mm plastic Petri dish under 10 ml sterile paraffin 0il. The oocytes

will be left for maturation for 18-20 h in a high humidity CO, incubator (5% CO, in air at 39°C).
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After maturation period, cumulus cells witl be removed from the oocyles by vortexing in 0.3 M
mannitol solution containing 0.3 mg/ml hyaluronidase. The denuded, matured oocytes will

finally be washed 3 times in maturation medium and ready for use in experimental designs.

10.2 Sperm collection

Semen will be collected twice weekly from 3 large white boars. The average age of the
boars is 2 years. A sperm-rich fraction (100-250 mi) will be coltected from each animal by the
gloved-hand method. Then, the sperm-rich fraction will be filtered through 2 layers of gauze
fixed to pre-warmed (3700) thermos flasks. It will be kept at 20°C for 16 h after adding

antibiotic-antimycotic solution (Gibco,Grand Island, NY).

10.3 Experimental designs
10.3.1 Determining the effects of artificial stimulators on corticai granule (CG)
exocytosis in in vitro-matured porcine oocytes, in comparison with the positive (sperm

penetration} and negative (oocyte alone) controls
® Control groups
- Positive control (Fertilization in vitro)

The semen will be washed three times by centrifugation (1000 g for 3 min.) with
0.9 (w/v) NaCl supplemented with 1 mg/ml BSA (Fraction V; Sigma Chemical CO, St Louis,
MO). At the end of washing, the pellets containing spermatozoa will be resuspended at a
concentration of 2 x 10° cells/ml in modified Medium 199 at pH 7.8. Then, the sperm
suspension will be incubated for 90 min. at 39°C in an atmosphere of 5% CO, in air.

Ten matured ococytes will be washed three times with modified Medium 199
supplemented with 10 mmol/l caffeine sodium benzoate and 4 mg/ml| BSA (Sigma Chemical
CO. St Louis. MO) at pH 7.4, After being washed, ten cocytes will be placed into a 50 LI
droplet of the modified Medium 189 under paraffin oil. Fifty millilitres of diluted preincubated
spermatozoa will be added to 50 M of medium containing the oocytes giving a final
concentration of 1 x 10° cells/mi. The co-Cultured will be kept at 39°C in an atmosphere of 5%

CO, in air for 6 hours.

After 6 h. of incubalion, the cocytes will be washed 3 times with the modified
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medium and transferred to 500 I of fresh medium containing 100 lg/ml peanut agglutinin
labelled with fluorescein isothiocyanate (FITC-PNA}. The degree of CG exocytosis will be
observed under the inverted fluorecent microscope using the classifications described by Kim
et al. 1999 at 6. 12 and 24 h. post-insemination. The oocytes will then be fixed 2%
Glutaraldehyde and processed for the investigation under transmission electron microscope
(TEM).
- Negative control (Oocyte alone)

Ten matured ococytes will be will be washed three times with modified Medium

199
supplemented with 10 mmol/l caffeine sodium benzoate and 4 mg/mi BSA at pH 7.4, and
stained with peanut aggiutinin iabelled with FITC-PNA at 0, 6, 12 and 24 h. after incubating in
the cultured medium. The degree of CG exocytosis will be monitored following the protocol

described above.

® Study groups

- Calcium ionophore A23187

Ten matured oocytes will be exposed to 100 UM Calcium ionophore A23187
(Sigma Chemical CQ, St Louis, MO} for 5 min. Then, they will be stained with FITC-PNA and
monitored the degree of exocytosis under the fluorescent microscope at 5 min, 2, 6, 12 and 24
h of incubation. The sampiles, then, will be processed for electron MIiCroscopy.
- 7% Ethanol
Ten matured oocytes will be exposed to 7% ethanol for 5 min (Ruddock et al.,
2000). Then, they will be performed for the investigation of CG exocylosis microscope at 5
min, 2, 6, 12 and 24 h of incubation as the protocol mentioned earlier.
- Antibiotic reagents {puromycin and sulphadiazine)
Ten matured oocytes will be exposed to 10 Hg/ml puromycin (Sigma Chemicat
CO. St Louis, MO) for 5 h. Then, they will be stained with FITC-PNA and monitored the degree

of exocytosis under the fluorescent microscope at 5 min, 2. 6, 12 and 24 h of incubation. The

samples, then, will be processed for electron mICroscopy

Another ten matured oocytes will be exposed to 10 HUg/mi sulphadiazine
{Sigma
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Chemical CO, St Louis, MQ) for 5 h. Then, they will be observed the degree of CG exocytosis

as the protocaol described above.

10.3.2 Investigating the effects of artificial stimulators in cortical granule (CG)
exocytosis in zona-free porcine oocytes
® Preparation of zona-free cocytes
The matured oocytes will be treated with 0.1% hyaluronidase Type VIl (Sigma
Chemical
CO, St Louis, MQ) in modified Medium 199 for 3 min. and the cumuius cells surrounding the
oocyte will be stripped off by pipetting. The oocytes with zona intact will be washed three
times with the medium. Then, zona pellucida will be removed using 0.25% pronase (Pronase
E, Sigma Chemical CO, St Louis, MO) in modified Medium 199 several times before use.
® Control groups
- Positive control
Ten zona-free oocytes will be washed three times with modified Medium 199
supplemented with 10 mmol/l caffeine sodium benzoate and 4 mg/mi BSA at pH 7.4. At the
end of the washing, the oocytes will be placed into a 50 Al droplet of the modified Medium 199
under paraffin oil. 50 ml of diluted preincubated spermatozoa will be added to 50 LI of
medium containing the oocytes giving a final concentration of 1 x 10° cells/ml. The co-cultured
will be kept at 39°C in an atmosphere of 5% CO, in air for 6 hours.
After 6 h. of incubation, the oocytes will be washed 3 times with the modified

medium and transferred to 500 [l of fresh medium containing 100 [lg/m! peanut agglutinin
labelled with fluorescein isothiocyanate (FITC-PNA). The degree of CG exocytosis will be
observed under the fluorecent microscope at 6, 12, 24 h. of incubation. The oocytes will then

be fixed and processed for the investigation under transmission electron microscope (TEM).

- Negative control (Oocyte alone)

Ten zona-free ococytes will be will be washed three times with modified

Medium199

supplemented with 10 mmol/l caffeine sodium benzoate and 4 mg/ml BSA at pH 7.4 and

stained with peanut aggiutinin labelled with FITC-PNA at 0, 6, 12 and 24 h. after incubating in
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the cultured medium. The degree of CG exocytosis will be monitored following the protocol

described in 9.3.1.

® Study groups

- Calcium ionophore A23187

Ten zona-free oocytes will be exposed to 100 UM Calcium ionophore A23187
for 5 min. Then, they will be stained with FITC-PNA and monitored the degree of exocytosis
under the fluorescent microscope at 5 min, 2, 6, 12 and 24 h of incubation. The samples, then,
will be processed for electron microscopy.

- 7% Ethanol

Ten zona-free ococytes will be exposed to 7% ethanol for 5 min. Then, they wili

be
performed for the investigation of CG exocytosis microscope at 5 min, 2, 4, 12 and 24 h of
incubalion as the protocol mentioned earher.

- Antibiotic reagents (puromycin and suiphadiazine)
Ten zona-free oocytes will be exposed to 10 JAlg/ml puromycin for 5 h. Then,
they
will be stained with FITC-PNA and monitored the degree of exocytosis under the fluorescent
microscope at S min, 2, 6, 12 and 24 h of incubation. The samples, then, will be processed for
electron microscopy
Another ten zona-free oocytes will be exposed to 10 JAlg/mi sulphadiazine for 5

h.

Then, they will be observed the degree of CG exocytosis as the protocol described above.

10.3.3 Investigating polyspermic fertilization in zona-free porcine oocytes induced by

artificial stimulators.

After 24 h of incubation, ten zona-free oocytes induced by each arificial stimulator wili
be inseminated with 50 m! of diluted preincubated spermatozoa adding with 50 I of medium
to give a finat concentration of 1 x 10° cells/ml. The co-cultured will be kept at 39°C in an

atmosphere of 5% CO, i air for 6 hours. Six hours post-insemination. the oocytes in each



group will be observed for fertilization (monospermic or polyspermic) using phase contrast

microscopy.

10.4 Classifications of cortica!l granute (CG) exocytosis

Cortical granule {CG) exocytosis of matured porcine oocytes has been
classified into three categories after in vitro fertilization: complete CG exocytosis and even
distribution of exudate in the entire perivitelline space (type |); complete exocytosis and partial
distribution of exudate (type Il) and incomplete CG exocytosis (type 1) (Kim et al., 1996). The
classifications of CG exocytosis used in the present study were therefore modified from the
classifications described by Kim et al. (1996). In zona-intact oocytes, degree of CG exocytosis
were classified into four categories as followed; complete CG exocytosis and even distribution
of exudate in the entire perivitelline space (type |}; complete exocytosis and partial distribution
of exudate (type II), incomplete CG exocytosis (type 1ll) and no CG exocytosis (type V). In
zona-free oocytes, since zona pellucida of ococyte was removed, the release of cortical
granules into the perivitelline space was not be possible to monitor. Therefore, the
classification of CG exocytosis in the present study was classified into three categories:
complete CG exocytosis around the oolemma (type I); incomplete CG exocytosis (type 1) and

no CG exocytosis (type 111).
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11. uanuddenlasu

11.1 HANISANMINIITNIFLNA cortical granule (CG) exocytosis lu matured porcine

oocyte NIAURINTTNSTAUNTFIAA CG exocytesis M3E ethanol, sulphadiazine, calcium

ionophore and puromycin \WFaLABUALNENAYIUAN (sperm penetration)

Table 1. Percentage of matured oocytes presenting Type | cortical granule exocytosis after
stimulated by each stimulator

Percentage of oocytes presenting Type | cortical granule exocytosis
Culture time | Sperm Calcium Level of
(hr) penetration Ethanol Sulphadiazine lonophore Puromyain significance
0 1.3912.41 1130268 | 4.4513.86 13.49+12.22 | 0.00%0.00 P =0.070
6 11.231+4.71 20.55%1.26 0.0010.00 15.88115.08 | 0.00%0.00 P < 0.05
12 15.0010.00 34.9310.73 2571223 27.50124.11 | 2.04%1.79 P <0.05
24 31.0916.26 25.181+1.87 0.0010.00 25.25136.15 | 4.8515.83 Ns

Data are means and standard deviations

Level of significance is tested using one way ANOVA

\usn31a7 1 (Table 1) usmeltifiudn Wefiausnndfia Type | CG-exocytosis 14 matured oocyte

silFingeatnaihfudAty annienszdusing 7% ethanol uae calcium ionophore Wiaiuuiusa
nezdutlzzivdn 4 lugaaaen 0, 6 use 12 Falus meuseannzzdu Tasewivetitediclugas
et 12 429 AEUNSINNINTEu ﬁqns:ﬁuﬁ’q 2 iz Widnwefigusniadie Type | CG-
exocytosis (U 34.93% dwmfuniTnszdusing 7% ethanol uaT 27.50% & mFunITnIzFusan
calcium ionophore (P<0.05) Tug3ua84N§H control (sperm penetration) W9 Azfignrniniy
Turnan1nifim Type | CG-exocytosis ANATAL wazarWirgegaludaanan 24 dalue niguda

NITNTTHU (31.09%)



A

=3 o . @ o ]
;a_-ﬂm wAAY matured oocytes ANEUNEINITNI IVM dlunan 48 d2lua wuaniinag
nazanefaaes cumulus cells SBULTARA 1 (a); zona intact matured oocytes ﬁgﬂ

datdaatl cumulus cells aan (b)



Table 2. Percentage of matured oocytes presenting Type |l cortical granule exocytosis after

stimulated by each stimulator

Percentage of cocytes presenting Type |l cortical granule exocytosis

Culture ime | sperm Calcium Level of
Ethanol Sulphadiazine Puromycin o

(hr) penetration lonophore significance

0 31.27%3.24 51.6013.58 34231782 64.41110.33 | 504441332 |[P<0.01

6 43.6616.25 43671239 20.70+3.25 552011356 |48.83FX12.21 | P <0.01

12 41671289 48.30%4.24 43.09+2 68 51.80+15.43 | 55.00118.03 | Ns

24 472214 81 51.6112.79 38.321+3.99 63.78126.52 | 57.84113.98 | Ns

Data are means and standard deviations

Level of significance is tested using one way ANOVA

o - , .
lumns i 2 (Table 2) WAMITHRANISRA Type I CG-exocytosis AMNNITNTEHUATLAINTLH

dszimaing ) wudn Tudaaiaan 0 uer 6 Faliae azldidAonnuansineetinedlitud Aty (P<0.01)

Tagludadinan 0 d9le Aeudanianszsiu wudInITnIzRuAaE calcium ionophore Az lifia

Type 1l CG-exocytosis TWERTIGIGAVINTL 64.41% uazluganan 6 $alua nremdansnsesiy

W 55.20% RAIHATAL

: P o
exocytosis ARUTNANIIRINTEFULITELMEBY 7

Tnenianseriudan  sulphadiazine 1Wlédmnsnaaiin Type Il CG-

Table 3. Percentage of matured oocytes presenting Type Il cortical granule exocytosis after

stimulated by each stimulator

Culture time

Percentage of oocytes presenting Type Ill cortical granule exocytosis

Sperm Calcium Level of
(hr) penetration Ethanol Sulphadiazine lonophore Puromycin significance
0 42,0412 25 24 2811 .84 31.7712.99 21.1815.98 28.6715.60 P = 0.001
6 21.14%0.52 28.15%2.39 43.9613.46 28.9243.70 32.3712.56 P < 0.001
12 21.6712.89 9.09%2.17 34.61%1.34 206111394 | 27.41%550 P <0.01
24 14.6112.71 16.2713.18 32.6611.33 10.97%12.02 | 2569+1061 |P<0.05
Data are means and standard deviations
Level of significance is tested using one way ANOVA
\WAN319%_3 (Table 3) WUFNNTRAA Type Il CG-exocytosis WiANAMNUANAattaTidtd Ayl

NNTREAIIRINPiINTANE Taanwudlugasaan 0 dalne anewdanimezdu sperm
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0. Tmm

B, tmm

0V rmm

gﬂﬁ 2 MNUARITEAULDINNTIAM cortical granule (CG) exocytosis 14 matured porcine
oocyte (a) type | complete CG exocytosis wuqndl cortical granule 8481520 oclemma (gn
H:‘é) uﬂ:n?:Q’mGTQﬂfﬁﬁﬂ?ﬂu perivitelline space (PVS); (b} type ll complete CG
exocytosis W11l cortical granule &asa1l oolemma (gnAsd) walifinsnsranadaaenlyl
g PVS: (c) type Il incomplete CG exocytosis W19 cortical granule AaNFRLIREILNIEIY

k3 1
194 oolemma (Qnﬂﬁ); (d) type IV no CG exocytosis WU lNEn1sua1194 cortical granule
Scale bar #AUYAL 0.1 mm



penetration A=A nN1stiin Type Il CG-exocytosis §a8a (42.04%) WASNITNITHUME calcium

ionophore TdAMaR (21.18%) Tudaaiian 6 False nevdanisnsesiu sulphadiazine Az iFga

4R (43.96%) uALATUE987 12 uaz 24 F2Taa TnllAving 34.61% uaz 32.66% ANATSL

Table 4. Percentage of matured oocytes presenting Type IV cortical granule exocytosis after

stimulated by each stimulator

Percentage of oocytes presenting Type IV cortical granule exocytosis

Culture time | Sperm Calcium Level of
Ethanol Sulphadiazine Puromycin

(hr) penetration lonophore significance

0 25.3110.53 12.824+2.01 29.55%1.31 0.931t1.61 20.89t1598 | P =0.005

6 23971277 7.631+3.38 35.3414.86 0.00%0.00 18.80t14.46 | P =0.001

12 21.6712.89 7.6815.11 19.7411.11 0.0010.00 15.56+13.88 | P <0.05

24 7.08t2.66 6.9410.66 29024270 0.0010.00 116311015 | P <0.001

Data are means and standard deviations

Levei of significance is tested using one way ANOVA

lumnsaf 4 (Table 4) wamatailafirusinnsdin Type IV CG-exocytosis WU3INNTNTEEUsaL

sulphadiazine ArHAMUMLINLiN9AA CG-exocytosis gandnisnszpungudy | aeinaihly

&ty Meuyndaamahidnm lnsanizetnidluganen 6 dalie mevdannsnsesiu axiiulef

wwsinThiin CG-exocytosis g4 35.34% (P=0.001) lunnnduriunisnsssiusiae Calcium

ionophore aznszsiuliiia exocytosis ABUTA Taewudnluganaan 6, 12 uas 24 42Tue lignluy

4 a o« - . :’1
ANINTANEIINTTAA CG-exocylosis NWHA
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11.2 nanIANEINTGIIA polyspermic ferilization T4 matured porcine ococytes N

MRINTTNSTRUNITITIA CG exocytesis A28 ethanol WAL sulphadiazine FeusunUNEH

AIUAN (sperm penetration)

Table 1. Percentage of fertilization, polyspermy, monospermy and average number of sperm

per egg in zona intact matured porcine oocytes examined at o h of incubation after stimulated

by each stimulator

Features - Sperm
Ethanol Sulphadiazine Level of significance
examined penetration
Percent of Fertilization 88.871+5.09 86.4113.98 58.6615.49 P < 0.001
Percent of polyspermy 63.46+7.73 6671764 18.7919.15 P <0.001
Percent of monospermy 36.54+7.73 93.331+7 64 81.21%9.15 P < 0.001
number of sperm per egg 1.60%0.17 1.0710.08 1.2240.05 P < 0.001

Data are means and standard deviations

Level of significance is tested using one way ANOVA

lum19i 1 wWudndRsnnaie fertilization 918INGNAILAN (sperm penetration) WAZNAN

al [ T =1 . | ar -l ar - - . |
WnszRuAay ethanol asiiAlnalAeein Taelidnsiniafin fertilization Bgv 88.87 + 5.09% uaz

L] ar 3 ] nj ] [l Ly | LY - ] A i
86.41 + 3.98% AWNAIAL AW ERAMULANANDETBd1ATY (P<0.001) AMUnguiignnszsiu

fintl sulphadiazine (58.66 + 9.15)

ARTINANA polyspermic fertilization q:ﬁﬁhqqqm'lunfjumm}u (63.46 + 7.73) feil

] - ' J s 2 b
AINUANATY (P<0.001) NUNANNNTERUAIE ethanol (6.67 + 7.64) uaz sulphadiazine (18.79 +

9.15)
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Table 2. Percentage of fertilization, polyspermy, monospermy and average number of sperm

per egg in zona intact matured porcine cocytes examined at 6 h of incubation after stimulated

by each stimulator

Features Sperm o o
Ethanol Sulphadiazine Level! of significance

examined penetration

Percent of fertilization 88.8715.09 65.75+4.93 53.21%F11.75 P < 0.01

Percent of polyspermy 63.4617.73 6.6716.67 9.44110.05 P < 0.001

Percent of monospermy 36.5417.73 93.3316.67 90.561+10.05 P < 0.001

number of sperm per egg 1.60%0.17 1.0710.07 1.13%0.15 P <0.01

Data are means and standard deviations

Level of significance is tested using one way ANOVA

Tupnsedl 2 wudadmainisfim fertilization NMEUAINTTNISEAUAIY  ethanol Az
sulphadiazine Juta1 6 42110 AazfAWNNIINgUALANBETINNAATY (P<0.01) wARAY

ARTINIANANIAE polyspermy fasanatatinaiiindAty (P<0.001)

Table 3. Percentage of fertilization, polyspermy, monospermy and average number of sperm

per egg in zona intact matured porcine oocytes examined at 12 h of incubation after stimulated

by each stimulator

Features Sperm
) ) Ethano! Sulphadiazine Level of significance
examined penetration
Percent of Fertilization 88.87%5.09 53.18+12.22 57.901+24.41 P = 0.067
Percent of polyspermy 63.46%X7.73 11.2432 98 14.35%7.13 P < 0.001
Percent of monospermy 36.5417.73 88.76+2.98 85.65+7.13 P < 0.001
number of sperm per egg 1.6010.17 1.1410.03 1.20%0.11 P < 0.01

Data are means and standard deviations

Level of significance is tested using one way ANOVA

-
lumﬂgw 3

sulphadizaine w12 dalae ldfiAuusnstaneada (P=0.067)

nudgRsInIaiia - fertiization NMauAINIINTEAudiag ethanol uas

WHARIINIZNA
fertilization ﬁ:ﬁdﬂﬁqqﬂlunsiuﬁn?:ﬁuﬁ'm ethanol (53.18 + 12.22%) luri=RsATININRA
polyspermy seanguiinszgjusing ethanol LAz sulphasizaine aziiAnisunitnguatianatinaiiv
#ATy (P<0.001)



Table 4. Percentage of fertilization, polyspermy, monospermy and average number of sperm

per egg in zona intact matured porcine oocytes examined at 24 h of incubation after stimulated

by each stimutator

Features Sperm
Ethanol Sulphadiazine Level of significance
examined penetration
Percent of Fertilization 88.87+5.09 46.83110.14 66.26125.71 P =0.05
Percent of polyspermy 63.4617.73 3.0315.25 1.7513.04 P < 0.001
Percent of monospermy 36.5417.73 96.971+5.25 98.251+3.04 P < 0.001
number of sperm per egg 1.60%0.17 1.03+0.05 1.0210.03 P = 0.001

Data are means and standard deviations

Level of significance is tested using one way ANOVA

A L o = - . ' ! i
lum131ai 4 wudrdmenasifia fertilization 1RANGNATLAN LaTNgNANTEFUSIE ethanol

AT sulphadiazine Wuszeziasn 24 dalua YA uusnmiaiu (P<0.05)

waamsINIsnm

fertilization TunaxAQNNTzEURaL ethanol AziANAGA (46.83 + 10.14%) WawfTeunieuiungy

ATUAN (88.87 + 5.09%) lurtueheinsininifie polyspermy lunquiinsydiusing  ethanol  ua

N . ] o <@ o d’ ar ’
sulphadiazine Azanaletiltiad Aty (P<0.001) Wenfeufsuiunguaiuau

27




W e

-

=i ar L3 o
Eﬂ'ln 3 NMMNWWARY zona free cocyte NMHUUKIRIINNTITNI IVM haoan 48 42l

Scale bar XA WAL 0.02 1N,



11.3 WANNSANBINNIENITIAA cortical granule exocytosis 1y zona — free matured

porcine oocyte n’muﬁ'an'\i‘ni‘:ofunﬂ‘ﬂﬁn CG exocytesis Mt ethanol, sulphadiazine,

calcium ionophore and puromycin u.l‘i'umﬁuuﬁ'umiumuqu (sperm penetration)

Table 1. Percentage of matured oocytes exhibiting Type |l cortical granule exocytosis after
stimulated by each stimulator

Percentage of oocytes presenting Type || cortical granule exocytosis
Culture time | 5pem Calcium Level of
(hr) penetration Ethanol Suiphadiazine lonophore Puromycin significance
0 26.6515.25 52.36%6.26 24 661775 31.1714 50 23.92%7.77 P = 0.001
6 35111763 | 4787948 | 2023t6.85 63.3218.20 29.92+7.78 P =0.001
12 4787%t13.18 | 5486%7.79 21.05F11.44 | 62461300 | 30.92%4.18 P <01
24 588711185 | 62.11£13.27 | 29.73112.24 | 67.781+8.39 40.121+2.80 P < 0.01

Data are means and standard deviations

Level of significance is tested using one way ANOVA

o - . :
AN 1 UARINIENTTNA Type Il CG — exocytosis 11 zona free oocyte wWuItutas

vuziaan 0 Fali PMENAININTEAN AMENTTAM Type I CG - exocytosis AzilFgagalu
oocyte Aignnszdudiat ethanol (52.36 + 6.26) uaquﬁFhﬁhﬁﬂ'l.unduﬁgnm:mfuﬁoﬂ puromycin
(23.92 + 7.7) WIUERTRNIZUZINN 6, 12 Uz 24 Falua muué’amsn?:ﬁuqﬂﬁuaﬁﬂﬁ'mﬁﬁaﬁu
A8 Type Il CG — exocytosis q:wumn'tumiuﬁm:ﬁuv‘iw Calcium lonophore ua:tﬁ'mﬂ‘lumiuﬁ

NsEFUAY Sulphadiazine

Table 2. Percentage of matured ococytes exhibiting Type Il cortical granule exocytosis after

stimulated by each stimulator

Percentage of oocytes presenting Type Il cortical granule exocytosis
;:;ture fime j:::ration Ethanol Sulphadiazine ::nj)plhc;rie um Puromycin L.e v el of
significance
0 61.87+2.94 39.3512.39 47.45%2 63 55.27110.06 | 49.89%1.45 P < 0.001
6 56.72%5.58 49.75£11.05 | 51.321+3.39 32.94+11.16 | 38.87+5.30 P <0.05
12 46.4619.18 39.03+10.28 | 56.6516.64 28.7417.01 389415 16 P < 0.06
24 38.751£7.76 | 37.03t12.27 | 51.48%+1860 | 32221839 30.5613.37 ns

Data are means and standard deviations

Level of significance is tested using one way ANOVA
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gﬂﬁ 4 ATNUAMITEALIBINTSIRA  cortical granule (CG) exocytosis W zona free
oocyte (a) type | complete CG exocytosis wWudnd granule ADNTRY oolemma (gneas
%) (b) type ll partial CG exocytosis W9 granule WEILNUe dausaU oolemma
(qnﬁﬁ?) (c) type lll no CG exocytosis

Scale bar HAwiy 0.2 J.



lum159% 2 uwaman1aznsiie Type 1l CG ~ exocytosis WU lugaeseusiaan 0 dalua

MEVdINIINIEss RsIN1afin Type Il CG — exocytosis REHAGIRATUNGUAILAN (Sperm

penetration) TANAIWINGL (61.87 + 2.94%) WaHANEAIUNENTANTTFHWALE ethanol (39.35 +

2.39%) WHlUTsTEZIaN 6, 12 uat 24 F9le Mandanisnszé Narnanie Type i CG —

exocytosis TUNGUAILANATAARIANAIAY  Llunassiudindnsainania Type Il CG -

. ﬂ:' lg . Edl 24 3 . . 1 } 5 - 2
exocytosis 'ﬂxlwu‘llu'lun@uﬂgnn?:laumﬂ sulphadiazine #2UN1INTTHAWALE puromycin AL

ar = . ] o 1 o - A
fm3N9L0A Type |1l CG - exocytosis AdudaiianFausuiusnsssuringu q Ineazilal

ANARIWI9TTEIAT 24 G211 AMMEMAININTTA (30.56 + 3.37%)

Table 3. Percentage of matured oocytes exhibiting Type IV cortical granule exocytosis after

stimulated by each stimulator

Percentage of oocytes presenting Type IV cortical granuie exocytosis
Culture time | gperm Calcium Level of
Ethanol Sulphadiazine Puromycin

(hr) penetration lonophore significance
0 11.48+2.31 8.291+5 81 27.89%8.90 13.5619.61 26.19+6.95 P<0.05

6 8.17+2.07 2.38t4.12 28.46+7.26 3.74+3.96 31.2112 61 P < 0.001

12 56714.99 6.11+2.60 22.30%7.97 g.161+5.96 30.14%3.34 P = 0.001

24 2.38%4.12 0.831+1.48 18.79%7.00 0.001+0.00 29.33+0.72 P < 0.001

Data are means and standard deviations

Level of significance is tested using one way ANOVA

lumsnedi 3 wemiedpreasadlifliuananinzn1nie CG - exocytosis uazluyndaa
neeansAne Taanmudnludasrzaziaan 0 dalue MYUNRINTNTLH L-naa"l':i'?'iqnn?:ﬁué"m
sulphadiazine AxHigRTINNTINLNTIAA CG - exocytosis  §IgA (27.89 + 8.90%) daulutag
THZINN 6, 12 UAE 24 F2T4 NEUFIN1INIZA AsnudgRTnaznrliia CG exocytosis g4
1.unf§ui1"n?:ﬁjuﬁw puromycin TUnWnRTuduNInszfudiae sperm penetration sulphadiazine
U8z Calcium ionophore ATWUSERFNNTLINL CG — exocytosis ABUTAY TrBEwIzatnaE 9l

1rzuzI9RT 24 $2lue Memwsanimnszdudng Calcium ionophore Wudaadlinnisaghvinnag

Anmaziinmzmaiin CG — exocytosis ATuYnlL
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11.4 HANTFAN®IY N1PENITIAA polyspermic fertilization 1W zona free porcine oocyte NHUAY

N1SNSEAUATLAINSTAUTUAFNY 9

Table 1. Percentage of fertilization, polyspermy, monospermy and average number of sperm

per egg in zona-free matured porcine oocytes examined at o hr of incubation after stimulated

by each stimulator

Features Spermn Calcium Level of
Ethanol Sulphadiazine Puromycin

examined ‘ penetration lonophore significance
Percent of

89.391+4.06 | 60121585 | 82431+3.32 61.2615.19 77.15%2.47 P < 0.001
Fertilization
Percent of

7163+0.70 | 18.91%£3.50 | 26.1915.41 18.91+3.50 23.331+4 59 P < 0.001
polyspermy
Percent of

28.3710.70 | 81.09%3.50 | 73.8115.41 81.0913.50 76.6714.59 P < 0.001
monospermy
number of

1.7410.05 1.2010.06 1.3110.08 1.20+0.06 1.2530.04 P < 0.001

sperm per egg

Data are means and standard deviations

Level of significance is tested using one way ANOVA

GJ - - g . = ) lI’
lumsi 1 wamdnIINITne fertilization KATNIILNITAA polyspermy Tutiaaad 0 49

T areudanisnszsiu Wisu@suiunguAIuAN (sperm  penetration) WUINERIANTTIAA

fertilization ArgaARlUNANALAN (89.39 + 4.06%) uarlidnsmgalunguiinszsusiae ethanol

(60.12 + 5.85%) W iuidaanuansnIsifia polyspermy @:ﬁﬁﬂqqqﬂ'l,un@iumuqu (71.63 + 0.70%)

uazARAlUNgNANTTHUsae ethanol (18.91 + 3.50%) 1ednguinsLsjusng calcium ionophore

(18.91 + 3.50%)
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Table 2. Percentage of fertilization, polyspermy, monospermy and average number of sperm

per egg in zona-free matured porcine cocytes examined at 6 hr of incubation after stimulated

by each stimulator

Features Sperm Calcium Level of
Ethanol Sulphadiazine Puromycin
examined penetration lonophore significance
Percent of
o 89.3914.06 | 82.28+3.46 | 84.9712.83 66.0418.43 73.3716.67 P <0.01
Fertilization
Percent of
_ 71.6310.70 | 15.3613.36 | 57.7816.94 18.94+9 49 44.061%7.03 P < 0.001

polyspermy
Percent of

28.3710.70 | 84.641+3.36 | 42.2246.94 81.0619.49 55.9417.03 P < 0.001
monospermy
number of

1.74+0.05 1.201%0.03 1.64+0.04 1.2140.11 1.4710.09 P < 0.001

sperm per egg

Data are means and standard deviations

Level of significance is tested using one way ANOVA

J [ = . . - ] t'l
lumsn 2 uasmesmsnaifie fertilization WRZNIIEATAAA polyspermy Tutaaan 6 49

Te nrewdaniensesiu uWisuisufunguAiunn (sperm penetration) WUA1ERFINITTA

i . 1 4 - . ] L 1
fertilization Tunguiinszsjusiag ethanol uar sulphadiazine axiA1IndiAtaiunguaIuAn Turne

4. . . . - o, $
AnguANT=6U calcium ionophore War puromycine AL IWERTINATAA fertilization AABUENAINGY

N{NATUAN (P<0.001)

dqudnsniniia polyspermy AriAgaalunguAILAN (sperm penetration) UATANYA

] 4 } | 7
Tungufinszfudae ethanol (15.36 + 3.36%)

n




Table 3. Percentage of fertilization, polyspermy, monospermy and average number of sperm

per egg in zona-free matured porcine oocytes examined at 12 h of incubation after stimulated

by each stimulator

Features Sperm Calcium Level of
Ethanol Sulphadiazine Puromycin

examined penetration lonophore significance
Percent of

89.30t4.06 | 88.1613.38 | 82.220+5.09 63.12+5.73 68.5817.01 P < 0.001
Fertilization
Percent of

_ 71.63%0.70 | 19.81%3.95 | 41.43%2.01 10.8713.07 52.9718.80 P < 0.001

polyspermy
Percent of

28.3710.70 | 80.1913.95 | 58.57+2.01 89.1313.07 47.0318.80 P < 0.001
monospermy
number of '

1.74%0.05 1.2530.07 1.5010.07 1.1230.02 1.5410.07 P < 0.001

sperm per egg

Data are means and standard deviations

Level of significance is tested using one way ANOVA

WA 3 wamBRINTENRA fertilization wazN1ENITHAA polyspermy lugaengn 12

dalua  nramdIniensssiu WRuLeuAUNENAILAN (sperm penetration) WUTERFINANA

s . * ‘J . . ' - 1
fertilization Tunguiinsedjusiag ethanol uar sulphadiazine azilAIndlAtAUNguAILAN Tutnue

finguANseu calcium ionophore wax puromycine AL ¥aRsIN19IAA fertilization AAaudNIR NG

NANAILAN (P<0.001)

#USRIMMANA polyspermy AazfiAgIgAlUNgNAILAR (71.63 + 0.70%) ua:ﬁimm‘lu

] 4 v i
NANYINIZRUMIE calcium ionophore (10.87 + 3.07%)
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Table 4. Percentage of fertilization, polyspermy, monospermy and average number of sperm

per egg in zona-free matured porcine oocytes examined at 24 h of incubation after stimulated

by each stimulator

Features Sperm Calcium Level of
Ethanol Sulphadiazine Puromycin
examined penetration lonophore significance
Percent of
o 89.39+4.06 | 91.16t566 | 90.9617.83 63.0010.58 65.41%7.71 P < 0.001
Fertilization
Percent of
‘ 71631070 | 290.3313.14 | 27.0711.80 6.1316.92 493711096 | P < 0.001
polyspermy
Percent of
28.37+0.70 | 70671t3.14 | 72.93*1.80 93.87+6.92 53.81+16.06 P < 0.001
monospermy
number of
1.7410.05 1.4310.04 1.3010.02 1.0240.03 1.59710.06 P < 0.001

sperm per egg

Data are means and standard deviations

Level of significance is tested using one way ANOVA

U919 4 waeIERsINSIA fertilization waznNIaENIsiA polyspermy ludnanan 24

dalue nraudanisnsziu uliaudfisufunguAuAn (sperm  penetration) WUINERIINATLAR

fertilization Tungu#insesiusng ethanol uar sulphadiazine AxilFtgandinguauAn Taaflamin

U 91.61 + 5.66% - 90.96 + 7.83%) ANAIAL UIUETADRNTINITIAA polysperm ILARAIBLINI

nnlunguiinzzusine calcium ionophore (6.13 + 6.92%) WWalTaUiRuLTUNGNAILAN (71.63

+ 0.70%)
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Samur Thanoi PhD Naresuan University

Phitsanulok 65000, THAILAND
Tel: +66 55 261000 ext. 4648
Fax: +66 55 261000 ext. 4758

Email: samurt@nu.ac.th

16" June 2003
Dear The Managing Editor

This tetter is to inform that | would like to submit the research work in the titie of "The
comparison of degree of cortical granule exocytosis in in vitro-matured porcine oocytes
induced by different artificial stimulators” for the consideration of the Journat of Reproduction. |
strongly confirm that this work has not been published in other journals and will not be
submitted for publication elsewhere until it has been decided by the Research Editorial Board

of the Journal of Reproduction whether to publish this title or not.
| do hope the Research Editorial Board will find the interesting points of this work for
publication in the Journal of Reproduction. However, | am willing to improve the paper if the

referees find some points that the paper should be adjusted suitable for publication.

With this letter, | am very pleased to give 3 names of scientists who are working in the field of

reproduction biclogy for confederation of this work.

Finally, please do not hesitate to contact me should further information about this paper is

required, | do hope tc hearing from you soon.

Yours sincerely,

Dr. Samur Thanoi
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A list of 3 scientists who are working in the field of reproduction biology for confederation of

this work

1. MA Warren

Contact address: Department of Biomedical Science, University of Sheffield, Western Bank,

Sheffield S10 2TN, UK.

2. GCW England

Contact address: Department of Farm Animal and Equine Medicine and Surgery, Royal

Veterinary College, University of London, Hatfield, Herts, UK.

3. H Funahashi

Contact address: Department of Animal Science, Okayama University, 1-1-1 Tsushima-naka,

Okayama 700-8530, Japan.

Email address: hirofun@cc.okayama-u.ac.jp
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The comparison of degree of cortical granule exocytosis in in vitro-matured porcine oocytes induced
by different artificial stimulators

| acknowledge receipt of your paper which has been numbered REP-417 to be considered for
publication in REPRODUCTION. The manuscript will be sent out to referees and | hope to advise
you of a decision within 6 weeks. You can track the progress of your manuscript by visiting
http://www.srf-reproduction.org/journal/authors/tracking.asp

Christine Doberska

Managing Editor

Society for Reproduction and Fertility (SRF)

22 Newmarket Road, Cambridge CB5 8DT, UK

Tel: 01223 351 809; Fax; 01223 359 754

Email: reproduction @ srf-reproduction-journal.org

Our email has changed to reproduction @ sri-reproduction-journal.org
Our website has moved to http://www.srf-reproduction.org/journal

'‘Reproduction’ ... the Journal of the Society for Reproduction and Fertility ... a world-class journal
from a leading society

The information contained in this e-mail is confidential. It may contain legally privileged information. It
is intended only for the stated addressee(s) and access to it by any other person is unauthorised. If
you are not an addressee, you must not disclose, copy, circulate or in any other way use or rely on
the information contained in this e-mail. Such unauthorised use may be unlawful. Any opinion or
advice contained in this e-mail shall not form any part of a legally binding contract. If you have
received this e-mail in error please inform us immediately at “reproduction @ srf-reproduction-
journal.org” or by faxing 01223 359754 and delete it and all copies from your system. SRF, 22
Newmarket Road, Cambridge CB5 8DT, UK. Tel: 01223 351809. Fax: 01223 359754. E-mail:

cosec @srfadmin.demon.co.uk. Registration No 647816, London. Registered Charity No 261433
Although we have taken steps to ensure that this e-mail and attachments are free from any virus, we
would advise you to ensure they are indeed virus free. We do not, to the extent permitted by law,
accept any liability (whether in contract, negiigence or otherwise) for any virus infection and/or

external compromise of security and/or breach of confidentiality in relation to transmissions sent by
e-mail.

From: samur thanoi [mailto:samurt@nu.ac.th]
Sent: 17 June 2003 05:51

To: Reproduction

Subject: FW: Paper submission

Dear The Managing Editor

This letter is to confirm whether or not you have received the manuscript | sent for publication last
sunday (15 May 03).

Yours sincerely,

Samur Thanoi
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n5LNA Exocytosis Aas Cortical Granule dlillﬂii&id
q'mmi‘n%t:ﬁi',uﬁaﬂ 7% Ethanol wax Sulphadiazine

wane odan's Funused Tmafa Ussads Tanw’
AR ENAERATAANRRT ALSANENATARFNNTIWNY NMINENAUUSANS
Rwnglan 65000
2pnAtginAaRNTRAERT AUINYIPMART YuIENENFENRAA NPUMTNTIIUAT 10400

n3ifie cortical granule (CG) exocyto5|s N mm‘nuummnw sperm fousnidn
‘1ﬂﬂgﬂuﬁnULmﬂﬁ"lm cortical granule vmﬂﬂafaﬁ'a'anm'a,ﬂ?uamwvﬁaﬂ"‘lm Lwaﬂ@dﬂu
"Lulmnmm?ﬂgauﬁ-nwfau athalsfiny wuithiavnzusnnljeuisy sperm i
ﬂﬂ'tuﬂs‘mﬂi"'mummm CG exocytosis El'?ﬂﬁ‘"mu@u m«num caleium ionophore A
23187 uay electrical puise Aguisonszduliiie CG exocytosis 68 mummu
s AnwA AR qqmmn'd'a‘“mﬁm,ﬁnmmmﬂ‘ﬂmmﬂ‘ﬂmﬂ reiuan q oAzt 7%
etharal LLﬂ”ﬂ"lﬂﬂ'ﬂ’luu (suiphadiazine) Lﬂuﬁlﬂﬂi‘.‘:mu LW@LLE‘EJULWEJUHUHRN control
FT'E] sperm penetration (IVF} mnzﬂm {ooeyte) mnmm@mm@’mmh Lmevﬂﬁd
TLIUNTT cocyte maturation hiaadsrinns 48 'miu\ mnuu cumulus ceils &N
WHneansnn ococyte  Oocyte w‘lmnﬁvm’lﬂm"mumamn? sounsastlszav e
AN3Ne CG exotytosis mm_lﬂ‘uﬂ’c}u canitrol {sperm penetration)  Degree ngina CG
exocytosis Azwigenidly 3 ngu #a n-@fu“?i‘ 1 (Type 1) Lﬂunﬂmwumi‘mm CG
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Cortical granule exocytosis in in vitro-matured porcine oocytes

induced by 7% ethanol and suiphadiazine

Thanot ™, Tocharus C', Sobhon P?
' Department of Anatomy, Faculty of Medical Science, Naresuan University,
Phitsanulok, 65000
? Department of Anatomy, Faculty of Science, Mahidol University, Bangkok, 10400.

Cortical granule (CG) exocytosis normally occurs when the first sperm
pe_nefrate an egg. The release of cortical granules modifies the extracellular
environment and blocks additional sperm from reaching the fertilized egg.
However, not only the penetration of sperm can induce the release of cortical
granules, but artificial stimulators, e.qg., caicium ionophore A23187 and electrical
pulse, can also produce CG exocytosis. Therefore, the present study is aimed t¢
determine the effects of artificial stimulators, 7% ethanol and antibiotic reagent
(sulphadiazine), on CG exocytosis in in vitro-matured porcine oocytes. Oocytes
were remaved from the ovaries and matured in vitro for 48 hours. After maturation
periad, the cumulus cells were removed from the cocyte. The cocytes were then
induced for CG exogytosis by each stimulator in comparison with sperm penetration
(control group). Degrees of CG exocytosis were classified into 3 categories;
complete CG exocytosis with even distribution of exudate in the perivitelline space
(type 1), complete CG exocytosis with partial distribution of exudate (type II) and
incomplete CG exocytosis (type lll}, The percentage of oocytes releasing type 1 CG
exocytosis after inducing with 7% ethanol at 0 hr was 11.30%2.68. This was
significantly higher (P<0.01) than that of sperm penetration (1.39+2.41). Similarly at
6 hr after inducing with 7% ethanol, the percentage of type | was also significantly
higher (P<0.01). Conversely, the percentage of type | was higher (<0.001) in the
control group (42.04%2.25) when compared with those stimulated by 7% ethanol
(24.2811.8) at 24 hr after stimulation. On the other hand, the percentages of type |
and type |l after inducing with sulphadiazine were significantly lower than those in
the control group in almost every interval examined. In conclusion, 7% ethanol can
induce CG exocytosis in in vitro-matured cocytes with similar respect to sperm
penetration.  On the other hand, sulphadiazine has very litle effect on CG
exocytosis. This study could reflect that the use of artificial stimulatar, such as 7%
ethanol, can also produce CG exacytosis and this artificial stimulator couid lead to
further study for an application to prevent polyspermy in in vitro fertilization.

Key words: cortical granule, polyspermy, in vitro fertilization (IVF)
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- -na * - '
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Ethanol and Sulphadiazine Stimulations Reduce Percentage
of Polyspermic Fertilization in In Vitro Matured Porcine

Oocytes

Thanoi ', Tocharus C', Sobhon P

'Department of Anatomy, Faculry of Medical Science, Naresuan University, Phitsanulok 65000,
Thailand

’Department of Anatomy, Faculn: of Science, Mahidol Universin. Bangkok 10400, Thailand

Background Polyspermy is one of unresolved problems that exist regarding porcine
oocytes matured and inseminated in virro. Many artificial stimulators have been
previously reported to induce the cortical granule exocvtosis. which normally
involves in the prevention of polyspermic fertilization. However, most studies
observed only the release of cortical granules without the classification of the degree
of exocytosis and their role in preventing polyspermy. Therefore, two artificial
stimulators: 7% ethanol and sulphadiazine. will be used in the present study.
Objectives To investigate polyspermic fertilization in porcine oocytes matured in
vitro after inducing cortical granule exocytosis with ethanol and sulphadiazine in
comparison with untreated oocytes (control group).

Materials & Methods Denuded matured porcine oocvtes will be stimulated with
7%ethanol and 10 pg/ml sulphadiazine. Oocytes will then be inseminated with sperm
suspension at 0, 6 and 24 hrs after sumulation. The assessment of sperm penetration
will be examined under a phase contrast microscope. Those oocytes with more than 1
sperm nucleus or male pronucleus were considered to be polyspermic.

Results The stimulations with ethanol and sulphadiazine can reduce the
percentage of polyspermic fertilization in porcine oocytes matured in virro. Sperm
insemination at 0, 6 and 24 hrs after stimulation showed significant decreases in the
percentage of polyspermic oocytes in the oocytes treated with ethanol and
sulphadiazine when compared with untreated oocytes. The lowest percentages of
polyspermic oocytes were seen when treated oocytes were inseminated with sperm at
24 hrs after stimulation. The percentages were 3.03+5.25, 1.75+3.04 and 63.46+7.73
(P<0.001) in oocytes treated with ethanol, sulphadiazine and untreated oocytes,
respectively.

Conclusion  Polyspermic fertilization in porcine oocvtes matured in vitro can be
reduced after stimulated with ethanol and sulphadiazine. These may be due to their
effects in inducing the release of cortical granules from the oocytes after stimulations.

Keywords polyspermic fertilization, cortical granule exocytosis, porcine oocyte
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