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In vitro matured oocytes demonstrate poor developmental competence, and this
stems embryo development of cryopreserved-thawed oocytes. This study examined the
effect of “LH-free” recombinant human FSH (rhFSH) on meiotic competence,
redistribution of oocyte’s cytoskeleton and also capability of the oocytes to withstand
cryopreservation. In experiment I, cumulus oocyte complexes (COCs) were cultured for
24h in a defined maturation medium containing with 0, 0.01, 0.05, 0.1, and 1.0 U
thFSH and also in a combination of either luteinizing hormone (LH), insulin like
growth factor-1 (IGF-1) or epidermal growth factor (EGF). Nuclear and cytoplasmic
maturation of the oocytes was assessed by means of fluorescent labelling of the
oocyte’s chromatin and cytoskeletal elements (actin microfilaments and microtubules)
and also in vitro embryo culture. In experiment II, the oocytes were vitrified at
immature stage and then subjected to in vitro maturation, fertilization and embryo
culture.

rhFSH significantly increased the number of oocytes reaching metaphase II
(MII) stage when compared with non-rhFSH treated controls (MII rates: 67.9% vs
36.9%, p<0.05). Because thFSH at 0.01, 0.05, 0.1 and 1 IU/ml yielded similar MII rates
(~70%), the medium dose of 0.1 IU/ml rthFSH was used in subsequent study. When
examined the cytoplasmic maturation, thFSH induced normal redistribution of actin
microfilaments and microtubules during the course of in vitro maturation. Although
rhFSH enhanced meiotic competence of cat oocytes but in vitro maturation of oocyte
using either rhFSH+EGF or thFSH+IGF-1 yielded high rates of blastocyst development
(23.2% and 21.9, respectively). In exp. II, vitrification and warming of immature cat
oocytes significantly reduced MII rates (~40 % vs. ~70% of controls), while
cryoprotectants used per se did not affect meiotic competence. Cryopreservation of the
oocytes induced poor developmental competence, in terms of cleavage and blastocyst
formation rates (i.e., ~ 30% and 7%, respectively). In conclusion, thFSH and growth
factors are capable of enhancing nuclear and cytoplasmic maturation of cat oocytes by
means of meiotic competence, normal reorganisation of oocyte’s cytoskeleton and
embryo development. Vitrification of cat immature oocytes induces poor in vitro
maturation, fertilizability and embryo development.
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Importance and rational

Fundamental and application study of in vitro maturation (IVM), in vitro
fertilization (IVF) and in vitro culture of embryo (IVC) in domestic cat has become
increasingly important aspects for conservation of endangered felid species (reviewed
by Swanson, 2006). In addition, the domestic cat has also been used as a model for
biomedical research because cat genome is highly conserved and exhibits the most
similarity to that of human (O’Brien et al., 1999). To date, however the efficiency of
these techniques has met only limited success, especially when oocytes are matured in
vitro (Swanson et al., 1994). During oocyte maturation, the oocyte must undergo a
series of nuclear and cytoplasmic changes in order to complete its competence. Most in
vivo matured oocytes acquire their developmental competence by bidirectional
communication or interaction between the oocyte and companion somatic cells within
the follicle (Matzuk et al., 2002). When these oocytes are fertilized and cultured in
vitro, they demonstrate greater fertilization and blastocyst formation rates compared
favorably to in vitro matured oocytes (Roth et al., 1994). More specifically, intrinsic
factors within the ovary/follicle promote cytoplasmic competence that supports
fertilization process and enhances embryo developmental capability. Currently, a
number of strategies have been tested, aimed specifically to improve cytoplasmic
competence of mammalian oocytes during oocyte maturation (see review: Gilchrist and
Thompson, 2007). These strategies would reveal the mechanism underlying the process
of oocyte maturation in vitro, and also to find potential markers that reflect their
developmental competence. Follicle stimulating hormone (FSH) known to enhance
meiotic and developmental competence of oocytes, while the gonadotrophin preparation
used during in vitro oocyte maturation is usually contaminated with luuteinizing
hormone (LH). Many reports revealed that FSH is only gonadotrophin of choice for in
vitro maturation. Until recently, role of LH during IVM has not yet clearly understood.
Using DNA technology, recombinant FSH without any action of LH has been
developed in human. This recombinant FSH would be beneficial to characterize the
individual action of FSH and LH, however recombinant human FSH (rhFSH) has not
yet been tested for embryo production in cat species. It is therefore essential to examine
the effects of rhFSH on developmental competence of cat oocytes. In addition, it is also
worth to note that the synchronization between nuclear and cytoplasmic maturation is
critically important to determine oocyte’s developmental competence, while most [IVM
studies have only focused on nuclear maturation and information regarding to the
cytoplasmic maturation of the cat oocyte is very limited.

In vitro maturation of oocyte is a complex process that occurs spontancously
when an immature oocyte (germinal vesicle stage: GV) is removed from inhibitory
factors within the follicle (Pincus and Enzmann, 1935). After condensation of
chromatin, nuclear membrane then starts to disintegrate (germinal vesicle breakdown:
GVBD) and microtubule-rich domain is formed and become the meiotic spindle. This
meiotic spindle plays an essential role in segregating chromosomes during meiosis and
also contributes to many aspects during fertilization (Kim et al., 1997). In addition,
actin microfilaments support cell plasma membrane and also involve in several cell
functions. These two cell cytoskeleton elements have been used to evaluate cytoplasmic
changes during in vitro maturation and also cell damage after cryopreservation
(Tremoleda et al., 2001, Tharasanit et al., 2006, Comizzoli et al., 2004).
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Domestic cat has been used as a valuable model for wild species, and therefore
it is also of importance to examine the cryopreservability of the oocytes. This technique
would be useful when the animals would unexpectedly and the facility for producing
embryo (in Vitro oocyte maturation, fertilization and embryo culture) is restricted. To
date, knowledge about the response of oocyte to cryopreservation is poor.

Materials and Methods
All chemicals were purchased from Sigma-Aldrich, USA, unless otherwise specified.

Isolation and in vitro maturation of cumulus oocyte complexes

Domestic cat ovaries (Figure 1A) from mixed breeds and various stages of
estrous cycle were collected immediately after routine ovariohysterectomy (OVH) from
the Veterinary Public Health, Division of the Bangkok Metropolitan Administration.
The ovaries were then maintained and transported at room temperature in 0.9% (w/v)
normal saline solution supplemented with 100 IU/ml penicillin and 100 pg/ml
streptomycin. Within 6h after OVH, the ovaries were dissected free from connective
tissue and washed twice in holding medium consisting of Hepes buffered tissue culture
medium 199 (M199), 1.0 mM pyruvate, 2.0 mM glutamine, 100 IU/ml penicillin, 100
pg/ml streptomycin and 4 mg/ml bovine serum albumin (BSA). To obtain cumulus
oocyte complexes (COCs), ovarian cortex was minced using a surgical blade. The
COCs with darkened homogenous ooplasm and completely surrounded by at least 3-5
layers of cumulus cells were only used in this study (Figure 1B). For in vitro
maturation, a group of 15-25 COCs were cultured at 38.5°C in humidified condition of
5% CO, in air. The maturation medium was consisted of NaHCOj3 buffered M199, 2.0
mM L-glutamine, 1.0 mM pyruvate, 100 IU/ml penicillin, 100 pg/ml streptomycin, 4
mg/ml BSA and 0.1 IU/ml recombinant human follicle stimulating hormone (thFSH).

Figure 1 Feline ovaries obtained after ovariohisterectomy (A) and grade A cumulus
oocyte complexes used in this study (B)
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Vitrification of immature oocytes using the open pulled straw (OPS) technique

OPS vitrification of COCs was performed essentially as described by Vajta et al.
(1998). In brief, 0.25 ml polyvinyl chloride straws were modified by heating them over
a hot plate (approximately 100°C) and then stretching them manually until the outer
diameter was approximately half of its original size. COCs were maintained in holding
medium (HM) consisting of Hepes buffered tissue culture medium 199 (M199), 1.0
mM pyruvate, 2.0 mM glutamine, 100 IU/ml penicillin, 100 pg/ml streptomycin and 4
mg/ml bovine serum albumin (BSA). The COCs were prepared for vitrification by
equilibration for 60 sec in a 50ul droplet of HM supplemented with 10% (v/v) Ethylene
glycol (EG), and were then transferred to a 50 ul droplet of 20 %, 30 % EG solutions
for 30 sec in each step. The COCs were vitrified by transferred the COCs into
vitrification solution that contained with 40% EG and 0.5M sucrose. After
approximately 15 sec, the oocytes were moved to a 2ul droplet of fresh vitrification
solution and loaded into an OPS by capillary action. The loaded straws were submerged
immediately in liquid nitrogen, such that oocytes were exposed to vitrification medium
for a total of only 20-25 sec prior to vitrifying. Warming of vitrified oocytes was
performed by immersing the OPS straw at 37°C in a thawing solution consisting of
0.3M sucrose in holding medium. The oocytes were expelled into this solution and
incubated for 5 min before being transferred to holding medium.

In vitro fertilization and embryo culture

After 24 h of in vitro maturation, the cumulus cells were partially removed from
COCs by gently pipetting. In vitro fertilization was performed essentially as described
by Pope (2004) with minor modifications. In brief, groups of 5-10 oocytes were
transferred to 50 pl droplets of IVF medium (Tyrode’s balanced salt solution containing
1% MEM non-essential amino acid (NEAA), 6 mg/ml BSA, 100 [U/ml penicillin, 30
pg/ml heparin and IVFx100). Semen used in this study was collected by electro
ejaculation tom cats, and then stored frozen. The frozen sperm was thawed in air for a
few second and then submerged into 70 °C water for 6 sec. The thawed semen was
immediately diluted 1:1 in Tris buffer solution. After the frozen-thawed sperm were
washed twice with IVF medium, the oocytes were then co-cultured with sperm at a final
concentration of 0.5 x 10° sperm/ml for 18-24 hrs. In the first day of embryo culture,
presumptive zygotes were cultured in 20 pl droplet of synthetic oviductal fluid (SOF)
containing 4 mg/ml BSA and 100 IU/ml penicillin. SOF containing 10% (v/v) FCS
(Gibco, USA) was used for embryo culture during day 2 to day 7. In all cases, in vitro
culture was performed at 38.5 °C in a humidified condition of 5% CO; in air. Embryo
development by means of cleavage and blastocyst rates was examined on day 2 and day
7 of embryo culture, respectively. The blastocysts were typified by the embryos that
demonstrated and contained with more than 60 cells.

Assessment of nuclear status and embryo development

To evaluate stages of nuclear maturation during in vitro maturation, COCs were
denuded, fixed in 4% (w/v) paraformaldehyde and stained with a fluorescent DNA
labeling (4',6-Diamidino-2-phenylindole: DAPI). The oocytes were mounted onto a
microscopic glass slide and then examined their nuclear status using an epifluorescent
microscope (BX51 Olympus, Japan). Nuclear status of the oocytes was classified as
GV, MI and MII stage. The percentage of cleaved embryos (2 to 8 cells), and
blastocysts containing >50 cells with blastocoelic cavity were evaluated on day 2 and 7
of embryo culture, respectively. Embryonic nuclei were evaluated with DAPI staining.

13



Immunofluorescent labeling of the meiotic spindle and chromatin

Denuded oocytes were incubated for 45 min at 37°C in a glycerol-based
microtubule stabilizing solution containing 25% (v/v) glycerol, 50 mM KCL, 0.5 mM
MgCl,, 0.1 mM EDTA, 0.1 mM EGTA, 1 mM 2-mercaptoethanol, 50 mM imidazol,
and 4% Triton-X-100 (Simerly and Schatten, 1993). After a brief wash with PBS-BSA,
the oocytes were fixed and stored in 4% (w/v) paraformaldehyde until analysis.

When required, oocytes destined to microtubule labeling were first incubated for
lh at room temperature with a 1:100 solution of mouse monoclonal anti-a-tubulin
antibody (clone B1-5-1-2: Sigma-Aldrich) in PBS-BSA. After a further wash with PBS-
BSA, the oocytes were incubated for 1h with a 1:100 solution of goat anti-mouse
second antibody conjugated to tetramethylrhodamine isothiocyanate (TRITC) in PBS
supplemented with 2% (v/v) goat serum. To visualize actin microfilament, the oocytes
were then incubated in a solution of 0.165 uM Alexa Fluor™ 488 phalloidin (Molecular
probes) in PBS-BSA for 30 min. The oocytes were finally stained with 0.1 pg/ml
fluorescent DNA labelling (4’6’ Diamidino-2-phenylindole dihydrochloride: DAPI) to
visualize the chromatin configuration of the oocytes.

Confocal laser scanning microscopy (CLSM)

To assess cell cytoskeleton and chromatin configurations during in vitro
maturation, fluorescent-labeled oocytes were mounted on glass microscope slides in a 2
pl droplet of antifade medium (Vectashield, Vector Labs, Burlingame, CA, USA) to
retard photobeaching, and sealed under a coverslip using nail polish. Examination was
performed using a confocal laser-scanning microscope (C1, Nikon, Japan). Three laser
sources from Diote 408 nm, Argon 488 nm and HeNe 543 nm were used to
simultaneously excite the fluorescent signals from DAPI, Alexa Fluor” 488 phalloidin
(microfilaments) and TRITC (microtubules) respectively. The digital-micrographs
produced using the sequential scanning mode for the 3 separate colors were merged into
single panel using EZ-C1 software (Nikon, Japan). The resulting multi-color
micrographs were subsequently examined using Adobe® Photoshop CS (Adobe System
Inc., Mountain View, CA, USA).

Experimental design

Experiment |

This experiment examined the effect of recombinant human follicle stimulating
hormone and growth factors on developmental competence of cat oocytes. Cumulus
oocyte complexes (COCs) were cultured in a defined maturation medium containing
with 0.01 (n=82), 0.05 (n=72), 0.1 (n=68), and 1.0 IU (n=70) rhFSH. The COCs
cultured in an absence of rhFSH served as controls (n=103). After 24h of culture, the
oocytes were fixed, stained with DAPI and examined for stage of nuclear maturation.
For examination of fertilization rate, a total of 233 COCs were matured with 0.01
(n=51), 0.05 (n=39), 0.1 (n=36), and 1.0 IU (n=38) rhFSH and then subjected to in vitro
fertilization. The presumptive embryos were fixed and analyzed for % fertilization. The
COCs cultured with no thFSH added were used as controls. Since the results indicated
that thFSH in all chosen doses was capable of enhancing nuclear maturation of cat
oocytes. The medium dose of thFSH (0.1 IU) was selected to use in the following
experiment. In addition to in vitro fertilization, this study also examined the effects of
luteinizing hormone (LH; n= 100), insulin like growth factor-1 (n= 105) and epidermal
growth factor (n= 164) adding into maturation medium in order to study whether a
combination of rthFSH and LH and growth factors would actually improve the
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cytoplasmic maturation of feline oocytes. Oocytes cultured with only thFSH (n=160)
served as negative controls. Finally, the cytoplasmic maturation of cat oocytes was
assessed by means of fluorescent labelling of the oocyte’s cytoskeletal elements (actin
microfilaments and microtubules) and also embryo culture. To establish normal pattern
of cell cytoskeleton changes as to examine the cytoplasmic maturation of COCs
matured using EGF+rhFHS, a total of 302 oocytes were examined at the specific time
point during the course of in vitro maturation (0, 6, 12, 18 and 24 h) to ensure that all
important stages of nuclear and cytoplasmic changes of cat oocytes were analyzed. The
fluorescent labelled oocytes were examined using a confocal laser scanning microscope.
This microscope provides a significant improvement of image quality compared with
conventional fluorescent microscopes and also allows spontaneous excitement of the
three fluorescent colours (actin microfilament, microtubule and chromatin).

Experiment 11

This experiment was designed to examine the effect of vitrification of immature
cat oocytes on the meiotic and developmental competence following warming. Since
successful protocol for feline immature oocytes has not yet been established, a total of
272 oocytes were exposed to vitrification solutions using 3 different expose techniques:
1) 20% EG+ 20% DMSO, 2-step; 2) 20% EG+ 20% DMSO, 4-step and 3) 40% EG, 4-
step. In addition, two concentrations of sucrose (0.3, n= 137 and 0.6 M (n=116)
sucrose) was also examined. Finally, vitrified oocytes (n=254) were warmed, matured,
fertilized and cultured in vitro in order to examine their development. Cryoprotectant
treated COCs (n=86) and non-CPA/non-vitrified COCs (n=120) served as controls.

Results

Overall, rhFSH significantly increased the number of oocytes reaching
metaphase II (MII) stage when compared with non-rhFSH treated controls (MII rates: ~
60-70 % vs. 36.9, p<0.05, Table 1).

Table 1 Meiotic competence of cat oocytes matured for 24 h in a presence of different
concentrations of recombinant human follicle stimulating hormone

Groups Total Oocytes that developed to
oocytes | GV (%) | Ml (%) | MII (%) | Degenerate (%)
0 IU rhFSH 103 55(534)" | 3(29) | 38(36.9)" 7(6.8)
0.01 IU rthESH 82 28 (34.1)° | 2(2.8) | 49 (59.8)° 3(3.7)
0.05 TU rhFSH 72 10 (13.9° | 6(8.3) | 49(68.1)° 709.7)
0.1 IU rhFSH 68 9(13.2° | 3(44) | 49(72.1)° 7 (10.3)
1.0 TU rhFSH 70 9 (12.9 6(8.6) | 50(71.4)" 5(7.1)

a, b, c

Within a column, different superscripts denote values that differ significantly.
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When these thFSH treated oocytes were fertilized in vitro, they demonstrated
higher fertilization rate when compared with oocytes that cultured in an absence of
rhFSH (P<0.05, Table 2).

Table 2 Fertilization of in cat oocytes cultured in maturation media containing with or
without recombinant FSH

Groups Total oocytes | No. fertilized oocytes (%)
0 IU rhFSH 69 17 (24.6)"
0.01 IU rhFSH 51 25 (49)°
0.05 IU rthFSH 39 24 (61.5)°
0.1 IU rhFSH 36 20 (55.6)°
1.0 IU rhFSH 38 23 (60.5)°

According to the results, the medium dose of thFSH (0.1 IU/ml) was selected in
the following experiment. Although rhFSH was capable of inducing both nuclear and
cytoplasmic maturation, in terms of in vitro maturation and blastocyst-stage embryo
development, the capability of thFSH was limited (blastocyst rate =12.5 %, Table 3).
While rhLLH did not significantly improve the rate of blastocyst development, the EGF
and IGF-1 significantly enhanced cytoplasmic maturation of feline oocytes (blastocyst
rate: 23.2, 21.9% respectively for EGF and IGF-1, Table 3).

Table 3 Developmental competence of cat oocytes matured in vitro in maturation
media supplemented with thFSH, LH, EGF and IGF-1

Groups Total No. of cleaved | No. of blastocyst | Cell number
oocytes | embryos (%) (%) (meanzSD)
rhFSH 160 65 (40.6)* 20 (12.5)* 80.6+17.2°
rhFSH/LH 100 41 (41)° 11 (11)* 76.9+13.1°
rhFSH/EGF 164 102 (62.2)b 38 (23.2)b 89.4+22.5°
rhFSH/IGF-1 105 58 (55.2)b 23 (21.9)b 90.2+16.3"

%PWithin a column, different superscripts denote values that differ significantly.

To confirm that rhFSH and EGF induced nuclear and cytoplasmic maturation of
cat oocytes, the oocytes were matured and fixed at 6, 12, 18 and 24 h in order to
examine a series of changes of nuclear maturation and reorganization of cell
cytoskeleton. Although a large proportion of these COCs were arrested at GV stage
(92.5%,), they asynchronously resumed meiosis through metaphase I (MI), anaphase I
(Al), telephase I (TI) and finally metaphase II (MII) during 24 h of IVM (Table 4). The
GV oocytes required approximately 12 h to reach MI stage while in vitro culture for 24
h was sufficient to complete nuclear maturation of cat oocytes (63% MII).

The fluorescently microtubule-, actin microfilament- and DNA-labeled oocytes
were examined with a confocal laser scanning microscope. At 0-12 h of IVM, the
chromatin of GV oocyte was unevenly distributed and confined within nuclear
membrane (germinal vesicle, Fig. 2A). At this stage, actin microfilaments were
typically distributed throughout the ooplasm with a moderate concentration beneath
oolema, while the oocyte demonstrated a weak staining of microtubules (Fig. 2A). A
microtubule-rich domain, however, developed rapidly following germinal vesicle
breakdown without any obvious microtubule organizing centre.
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Table 4 Data demonstrate mean = SD of percentage of nuclear maturation of cat
oocytes matured in vitro for 0, 6, 12, 18 and 24 h. Data were pooled from 3 independent

replications.
Time Oh 6h 12h 18h 24h
Nuclear stage (n=114) (n=80) (n=78) (n=77) (n=147)
GV 94 +2.0 97.84+19 [59.7+20.2 ] 23+£199 | 183+3.0
MI 32+2.0 22+19 |403+£202| 48+0.5 123+7.5
Ana [/Tel | 0+0 0+0 0+0 162+42 | 22+1.9
MII 14+24 0+0 0+0 12.8+16.2 | 63.6+9.1
degen/parthenote | 1.4+ 1.2 0+0 0+0 0+0 3.6+3.3

Metaphase [ plate (meiotic spindle) that is formed by polymerization of

microtubules was completely developed at 12-18 h, and this was typified by the

formation of a symmetrical barrel-shaped meiotic spindle with the two sets of

homologous chromosomes aligned at its center (Fig. 2B). During Anaphase I and
Telephase I, the sets of chromosomes redirected to each anastral poles of meiotic
spindle, the actin microfilaments then formed a dense network between the segregated
sets of chromosomes (Figs. 2C, 2D). Finally, the second meiotic spindle was soon
formed and, with assistance of actin microfilaments, one set of chromosomes was
extruded as the first polar body that enveloped by unorganized microtubules and actin
microfilaments (Fig. 2D).

Figure 2 photomicrographs demonstrating redistribution of cell cytoskeleton (actin and
microtubule) during in vitro maturation of cat oocytes.
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Experiment 11

Experiment II examined the effect of vitrification of immature cat oocytes on
the meiotic and developmental competence following warming. Four-step equilibration
techniques either EG alone or in combination of DMSO gave superior maturation rates
(MII rate ~30-40%) when compared to only 6% of 2-step equilibration technique.
Although in vitro maturation rates of vitrified-warmed oocytes were in acceptable
range, the MII rates were significantly lower than those obtained from non-CPA/non-
vitrified and CPA treated controls (Table 5). In addition, reducing sucrose to 0.3 M in
vitrification medium tended to decrease the cryopreservability of immature cat oocyte.

Table 5 Meiotic competence of immature cat oocytes that had been exposed to
cryoprotectants and/or vitrification. The COCs were subsequently matured in vitro for
24 h

Oocytes that developed to

Groups Total oocyte Y, T VIT Degen
Control 59 10(16.9) | 7(11.9) 36 (61)" | 6(10.2)
EG+DMSO 2 step 37 8 (21.6) 5(13.5) | 20(54.)" | 4(10.8)
EG+DMSO 4 step 46 1021.7) | 5(10.9) | 26(56.5)* | 5(10.9)
EG 4 step 48 9 (18.8) 3(6.3) 30 (62.5)* | 6(12.5)
EG+DMSO 2 step-vitrified 67 2(3) 6 (9) 6 (9)° 53 (79)
EG+DMSO 4 step-vitrified 88 5(5.7) 14 (15.9) | 28 (31.8)° | 41 (46.6)
EG 4 step-vitrified 0.6 M
sucrose 63 4(3) 15(13) | 44(37.6)° | 54 (46.2)
EG 4 step-vitrified 0.3 M 137 19(13.9) | 25(182) | 39(28.5)° | 54(39.4)
SuCrose

To test viability of these oocytes after vitrification and warming, the COCs
either treated with CPA or vitrified-warmed were stained with viability marker
(ethidium homodimer-1 and calceine-AM). Although vitrification of feline immature
oocytes using EG-OPS (4-step equilibration) protocol yielded high viability (96%) of
oocytes (Table 6, Figure 3), the developmental competence of these vitrified-warmed
oocytes were compromised in terms of poor cleavage, morula and blastocyst formation
rate (Table 7, Fig. 4)

Table 6 Viability test of vitrified-warmed immature feline oocytes

Groups Total oocytes Alive oocytes (%) | Dead oocytes (%0)
Non-CPA/vitrified 50 50 (100) 0
CPA-treated 37 37 (100) 0
Vitrified-warm 96 92 (95.8) 4(4.2)
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Figure 3 Photomicrographs illustrating the viability of vitrified immature cat oocytes.
Viable oocytes demonstrate an intense-calceine AM staining (green) confined within
ooplasm (A). Dead oocytes (white arrow) typified by red cytoplasm (positive with
ethidium homodimer-1, non-permeable DNA staining) indicating the damage of
oocyte’s plasma membrane.

Table 7 Developmental competence of vitrified-warm immature oocytes after in vitro
fertilization and embryo culture

Group No. Oocytes that developed to Blastocyst Nuclear
oocytes | Cleavage Morula | Blastocyst | cell numbers fragmentation
(%) (%) (%) (%)
Control 120 75 (62.5) 53 (44.2) | 37(30.8)" 97.6+32.5 12.8 +6.9
CPA 86 49 (57) 40 (46) 23 (26.7)" 92.3£9.9 1043
Vitrified- 254 63(24.8) 31(12.2) 19 (7.5)° 85.8+20.4 12.8 5.1
warmed

Figure 4 A blastocysts produced from in vitro embryo culture.
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Discussion

This study examined the effect of recombinant human FSH and growth factors
on developmental competence of cat oocytes. The data demonstrated clearly that rhFSH
can be used as meiotic competence enhancer, although the meiosis resumption occurs
spontaneously when the oocytes are removed from their follicle (Pincus and Enzmann,
1935). The process of maturation of mammalian oocytes is a multifaceted processes in
which immature or germinal vesicle stage oocytes resumes and reach MII stage. In
vivo, meiotic competence of oocytes is triggered by the surge of preovulatory
luteinizing hormone (Baker, 1982), while LH alone does not induce meiotic progression
in vitro. This evidence indicates convincingly that the mechanism of meiotic
resumption differs between in vivo and in vitro environments. Since oocytes lack
gonadotrophin receptors follicle stimulating hormone (FSH) promotes meiotic
resumption via an indirect mechanism mediated by the cumulus cells (Eppig and Downs
1987). Recombinant human FSH is commercially available LH-free preparation that has
been widely used in vitro maturation medium for immature oocytes from many species,
such as human, porcine, equine, mouse and bovine. In addition, because the action of
LH is absent, it therefore allows interpretation of individual roles of FSH and LH
without the hormone cross-contamination. Although the signalling pathway of rhFSH
mediated meiotic resumption appeared to be different among species The main signal
transduction resulting from FSH binding to cumulus-granulosa cells is considered to be
cAMP-protein kinase A (PKA) (Eppig and Downs, 1984) and protein kinase C (PKC)
(Aberdam and Dekel, 1985, Su et al. 1999). In this study, small amount of thFSH (0.01
IU/ml) was capable of inducing meiotic resumption. However, this was less efficient
when compared to other doses. It is therefore suggesting that rhFSH at > 0.05 U should
be added into maturation medium because these thFSH doses yielded reasonable MII
and embryo developmental rates (60-70% MII and 20-30% blastocyst rate), although
the development in utero has yet to be examined.

Experiment II tested the effect of cryoprotectants, equilibration techniques and
vitrification on developmental competence of oocytes, in terms of in vitro maturation
rate, cleavage and also blastocyst formation rate. Open pulled straw vitrification was
selected to use in this study because it is simple to perform and high viability of OPS-
vitrified oocytes from a number of species has been reported (Vajta et al., 2002). While
GV oocytes are quiescent and many cold-sensitive structure i.e meiotic spindle has not
yet formed, many reported suggested that the GV oocytes are sensitive to
cryopreservation when compared with mature oocytes. Many factors associated with
poor cryopreservability of immature oocytes have been examined. For example, GV
oocyte has poorer plasma membrane permeability than MII oocytes and also they
demonstrated high transition phase temperature (Tm) when compared to MII and
embryo. Freezing oocyte at an immature stage, however, is beneficial when animal
(especially for wild animal) would die unexpectedly and laboratory facility for
performing in vitro maturation is limited. Immature oocytes are readily available in raw
ovarian material, do not require exogenous hormonal stimulation to collect, and
therefore offer a convenient means of ‘‘gamete rescue’’ for potential in vitro embryo
production from genetically valuable individuals (Johnston, 1991). The presence of
cumulus cells may protect against rapid influx or efflux of CPA (Van der Elst, 1992;
Fabbri, 2001). This study was first demonstrated that feline immature oocytes can be
cryopreserved, the capability of the oocytes developed to blastocysts was poor when
compared to controls. To date, the exact pathway of freezing induces poor development
remains unclear. In this study, we demonstrated that types of cryoprotectant and
exposure techniques affected the success of cryopreservation. Exposure to a
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hyperosmotic medium containing CPA is the first potentially damaging step for the
oocyte because of both osmotic stress and the inherent toxicity of the CPA itself to cell
organelles (Agca et al., 2000). Toxicity of the CPA depends on the type, concentration,
and temperature of exposure (Lim, 1999).

Conclusions

rthFSH and growth factors are capable of enhancing nuclear and cytoplasmic
maturation of cat oocytes by means of meiotic competence, normal reorganisation of
oocyte’s cytoskeleton and embryo development. Vitrification of cat immature oocytes
induces poor in vitro maturation, fertilizability and embryo development.
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