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Effects of Kinds and Concentrations of Cryoprotectants,
Trehalose, Sucrose-Addition in Cryoprotectants on the Survival
Rates of Vitrification-Thawed Porcine IVM/IVF Embryos
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SUMMARY

This study examines the effects of kinds and concentrations of cryoprotectants on the survival
rate of vitrification-thawed porcine oocytes, together with the effects on survival, in vitro
fertilization and development of immature oocytes.

1. The developmental rate of oocytes to Ml and diploid stage when the vitrification-thawed

of recovered immature oocytes cultured for 0, 15, 30 and 40 h were cultured for 0, 15,
30 and 40 h were 56.7%, 53.3% 63.3%, 65.0% and 23.3%, 18.3%, 10.0%, 3.3%,
respectively. The in vitro development to MII stage were lower than the control group
(78.2%), but higher for diploid stage (5.5%).

2. When the vitrification of immature oocytes after being culture for 0, 15, 30 and 40 hours,
the survival rate were 34.0%, 26.0%, 18.0% and 10.0% respectively. This result was lower
than that of the control group (60.0%).

3. When the fertilization of the vitrified immature oocytes after being culture for 0, 15, 30
and 40 hours, the in vitro fertilization rate were 60.0%, 54.0%, 48.0%, 38.0%, and
developmental rates were 26.0%, 18.0%, 8.0%, 4.0%, respectively. This results were lower
than the control group (78.0% and 38.0%).

4. When the fertilization of the immature oocytes after being culture for 0~15 hours vitrified
with EDS and ETS, the fertilization and developmental rates were 50.0%, 22.0% and
46.0%, 18.0%, respectively. This results were lower than the control group (74.0% and 38.0%).
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INTRODUCTION vival of embryos (Schmidt et al., 1993; Leibo, 1993)
or oocytes (Suzuki and Nishikata, 1992; Robinski
Research on embryo cryopreservation about sur- et al., 1991; van Blerkom, 1989) after frozen-thawed
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have been reported but there was much difference
between the reporters and their results.” Recently
the study of embryo vitrification are being conduc-
ted because the embryos are kept in over-cooling
while preventing water from hydrating and ice
crystal formation with the addition of high con-
centrations of cryoprotectants in vitrification solu-
tion (Rall and Fahy, 1985; Kasai et al., 1990; Vaita
et al., 1998; Cuello et al., 2004). Rall (1992) and
Hamlett et al. (1989) reported that embryo cells ex-
posed with cryoprotectants during freezing in meta-
phase I or II stages had damage of the spindle fiber
and external granule. Mazur (1970) reported that
during freezing, the main reason that the cells died
was because the in the cell had ice crystallization
and thawing influence and because of this have
reported that reasonable equilibrium time is needed.
Renard er al. (1984) reported that freezing with
short equilibrium time was capable of two step
freezing with the addition of the non-permeable
sucrose. Rall and Fay (1985) reported that freezing
the early immature oocytes at different developmen-
tal stages was more appropriate than the mature
G-V stage (van der Elst et al., 1993; Candy et al.,
1994; Toth et al., 1994). In vitrification of the
oocytes, the factors that influence on the survival
are the toxicity of the cryoprotectants, the composi-
tion of the vitrification solution and the freezing
and thawing speed (Cuello et al., 2004). If oocytes
that have high fertilization rates and in vitro de-
velopmental rates after oocyte vitrification can be
preserved, it could be assumed that it will be
highly utilized for in vitro fertilization and. other
fields of biotechnology. However, an urgent subject
need to be increasement of the survival rates of
porcine immature oocytes or embryos are lower than
that of experimental animals ard other animals.
The present work examines the effects of the
kinds and concentration of cryoprotectants on the
survival rate of vitrification-thawed porcine oocytes,

together with the effects on survival, in vitro fer-

tilization and development of immature oocytes.

MATERIALS AND METHODS

1. Recovery and Culture of Oocytes

Ovaries were collected immediately after slaugh-
ter and were kept at 25°C saline containing 100
IU/ml penicillin G and 100 g g/ml streptomycin
sulfate. Upon arrival at the laboratory, ovaries were
washed three times with saline. Follicular fluids
was collected by 18 g syringe from 2~5 mm fo-
licles. Afterwards morphologically excellent oocytes
were recovered under a stereomicroscope (40 x).
The follicular oocytes cultured in TCM-199 medium
supplemented with FCS (Sigma, U.S.A), 1 zg/ml
FSH (Sigma, US.A)), 2 IU/ml hCG (Sigma,
US.A), 1 pg/ml B-estradiol (Sigma, U.S.A.), 100
IU/ml penicillin G and 100 gg/ml streptomycin

sulfate were used for the experiment.

2. Vitrification and Thawing of Oocytes

The immature oocytes were cultured for 0, 10,
14 and 20 hours, and then vitrification was per-
formed with the use of EDS (20% ethylene glycol
+ DMSO 16.5% + 0.5 M sucrose + 10% FCS).
Vitrification embryos are cultured in VS, solution
for 1 min., afterwards transferred to a 20 #1 drop
VS; solution, and then quickly added to the EDS
solution to expose for 1 minute. The oocytes were
sealed in a 1.0mm OPP straw (Vajta et al., 1998a)
and placed in a LN, container. Frozen oocytes
were rapidly thawed in a water bath at 30~35T,
and then placed in 0.5 M sucrose, 0.5 M galactose
and 0.5 M trehalose for 5 min each. After being
washed for 2~3 times, using fresh medium the oocytes
were cultured in a 10% FAC +TCM-199 medium.

3. Maturation and Fertilization of Vitrification-Thawed
oocytes

After vitrification-thawed 5 oocytes were cul-
tured in 50 g1 maturation media for 4~24 h. A 2
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#1 aliquot of the capacitated spermatozoa sus-
pension (1~5 x 10° ml) was added to the oocytes,
covered with mineral oil, and incubated for 7~10
hours at CO, incubator, and investigate in vitro

fertilization rate.

4. The Assessment of Maturation and Survival Rate

The oocytes were treated with 0.2% hyaluroni-
dase (Sigma, U.S.A.) for 2 min to remove cumulus
cells and denuded oocytes were fixed in acetic acid
: ethanol (1 : 3) solution for 24 h then stained
using 1% aceto-orcein (Sigma, U.S.A.) or 10 pg/ml
bisbenzimide (Hoechst 33342, Sigma, U.S.A.). The
judgement of oocytes maturation in vitro was ca-
rried out depending on the criteria of maturation by
cell and nucleus division, and survival rate or in
vitro development by investigating embryo develop-

ment and fluorescence diacetate (FDA)-test.

5. Statistical Analysis

The results were expressed by treatment as mean
+SD. For comparison of means, Duncans's multiple
verification was performed using SAS package of
General Linears Model (GLM) procedures (SAS
Institute, 1996).

RESULTS AND DISCUSSION

1. In Vitro Maturation Rate Vitrification-Thawed Oocytes

Developmental rates for MI, MIl and diploid
when the vitrification-thawed of recovered imma-
ture oocytes cultured for 0, 15, 30 and 40 h are
shown on Table 1.

The developmental rate of oocytes to M1l and
diploid stage when the vitrification-thawed of re-
covered immature oocytes cultured for 0, 15, 30
and 40 h were cultured for 0, 15, 30 and 40 h were
56.7%, 53.3% 63.3%, 65.0% and 23.3%, 18.3%,
10.0%, 3.3%, respectively. The in vitro develop-
ment to M stage were lower than the control
group (78.2%), but higher for diploid stage (5.5%).
In vitro maturation rates of early stage of oocytes
was higher than that of mature oocytes. This result
was much higher than that of Luna ef al. (2001)
who reported that in vitro maturation to diploid of
bovine oocytes were 2.0~35.4%, and was highest
after maturation for less than 8 hours. This result
was much lower than that of Kasai et al. (1990)
who reported that survival rate of frozen-thawed
mouse embryos were 80~85%. This result was
much agreed than that of van der Elst e al. (1993),
Candy et al. (1994) and Toth et al. (1994) who
reported that development to G-V stage of imma-

ture oocytes were more appropriate than other stages.

2. Survival Rate of Vitrification-Thawed Oocytes

When the vitrification of immature oocytes after

Table 1. In vitro maturation rate of vitrificafion-thawed various stages of porcine oocytes

No. of oocytes

Time of M1 (%) M 1 (%) Diploid (%)
culture (h) Freeze Survived

Control 55 50 (90.9) 7 (12.7) 43 (78.2) 3 (5.5)

0* 60 41 (68.3) 2 (33) 34 (56.7) 14 (23.3)°

15 60 40 (66.7) 5 (83) 32 (53.3) 11 (18.3)

30 60 40 (66.7) 8 (13.3) 38 (63.3) 6 (10.0)°

40 60 39 (65.0) 13 21.7) 39 (65.0) 2 (33)

* Culturing period was hours after thawing to complete in vitro maturation.
*® Values with different superscripts within column were significantly different (p<0.05).
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being culture for 0, 15, 30 and 40 hours, the sur-
vival rates of the oocytes are shown on Table 2.

When the vitrification of immature oocytes after
being culture for 0, 15, 30 and 40 hours, the
survival rate were 34.0%, 26.0%, 18.0% and 10.0%
respectively. This result was lower than that of the
control group (60.0%). This results showed that the
vitrification of immature oocytes were different on
survival rate by the condition of oocytes, freezing
method, the kinds and concentration of the cryo-
protectants and equilibrium time (Robinski ef al.,
1991). '

3. In Vitro Fertiization Rate of Vitrification-Thawed
Oocytes Cultured for 0~40 Hours

When the fertilization of the vitrified immature
. oocytes after being culture for 0, 15, 30 and 40
hours, the in vitro fertilization and developmental
rates of the oocytes are shown on Table 3.

When the fertilization of the vitrified immature
oocytes after being culture for 0, 15, 30 and 40
hours, the in vitro fertilization rate were 60.0%,
54.0%, 48.0%, 38.0%, and developmental rates
were 26.0%, 18.0%, 8.0%, 4.0%, respectively.y This
results were lower than the control group (78.0%
and 38.0%). The results was different were com-
pared to Caroll et al. (1989), Kon ef al. (1991) and
Shaw et al. (1992) since the testing animal and the

Table 3. In vitro fertilization and developmental rates
of vitrification-thawed porcine oocytes cultured
in medium for 0~40 hours

Time of Time of No. of oocytes

culture  maturation F Fertilized Cleavaged
(h) (h) reeze (%) (%)

Control 50 50  39(78.0) 19 (38.0)°
0* 50 48 30(60.0) 13(26.0)
15 50 49 27(54.0) 9 (18.0)
30 50 47 24(48.0) 4( 8.0)
40 50 45 19(38.0) 2( 4.0)

* Culturing period was hours after thawing to complete
in vitro maturation.

*® Values with different superscripts within column were
significantly different (p<0.01).

freezing method was different.

4. In Vitro Fertilization Rate of Oocytes Vitrification-
Thawed with EDS and ETS

In vitro fertilization and developmental rates of
porcine oocytes vitrification-thawed with EDS
(40% EG + 20% DMSO +0.4M sucrose), ETS
(20% EG + 20% DMSO +0.3M trehalose) + TCM-
199 + 10% FCS are shown on Table 2.

When the fertilization of the immature oocytes

after being culture for 0~15 hours vitrified with

Table 2. Survial rate of immature of vitrification thawed porcine oocytes

Degree of FDA test’

Time of No. of _ Survival
culture (h) oocytes. examined A B C D E F rate (%)
Control 50 1 8 10 8 12 11 . 30 (60.0)
0* 50 2 7 11 9 12 10 17 (34.0°

15 50 4 10 12 9 9 6 13 (26.0)°
30 50 6 12 12 10 6 4 9 (18.0)°
40 50 8 14 11 10 5 2 5 (10.0)°

* Culturing period was hours after thawing to complete in vitro maturation.

* Values with different superscripts within column were significantly different (p<0.05).
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Table 4. In vitro fertilization and developmental rate
of porcine oocytes vitrification-thawed with EDS
and ETS cryoprotectants

Kinds of No. of embryos (%)
cryoprotectants  vitrified Fertilized Cleavaged
Control 50 37(74.0° 19 (38.0)
EDS 50 25(50.0) 11(22.0)
ETS 50 23(46.0)° 9(18.0)

* EDS (40% EG + 20% DMSO +0.4M sucrose), ETS
(20% EG + 20% DMSO +0.3M trehalose) +TCM-199
+ 10% FCS.

** Values with different subscripts within columnin were
significantly different (£<0.05).

EDS and ETS, the fertilization and developmental
rates were 50.0%, 22.0% and 46.0%, 18.0%, res-
pectively. This results were lower than the control
group (74.0% and 38.0%). This result was signifi-
cantly lower than that of Vajta et al. (1998a),
Kasai et al. (1990) who reported that development
and cleavage rate of mouse embryos when vitrifi-
cation-thawed using EFS and EPS were 85.0~
95.0%, 80~85% and 90.0~95.0%, respectively. The
fertilization and development rate of embryos when
vitrification-thawed using EFS (35.0%, 25.0%) was
little higher than that of EPS (30.0%, 22.5%), and
this result was similar that of Vajta et al. (1998a)
and Kasai et al. (1990).
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