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The study aimed to determine the effects of different concentrations of glycerol and ethylene glycol
and ultrarapid cryopreservation (vitrification) on survival and subsequent in vitro development of
bubaline cumulus oocyte complexes (COCs) in order to recognize the optimum cryoprotectant. Sur-
vival and in vitro maturation, fertilization and cleavage of buffalo COCs was evaluated subsequent to
their cryopreservation by vitrification. The vitrification solution (VS) consisted of Dulbecco’s phos-
phate buffered saline (DPBS) supplemented with 0.5 M sucrose, 0.5% bovine serum albumin (BSA)
and different molar (M) concentrations of the cryoprotectants glycerol (G) (4M, 6 M, 8 M and 10 M),
ethylene glycol (EG) (4M, 6 M, 8 M and 10M) and their combinations M G + 2M EG, 3M G +3M
EG,4M G +4MEG and 5SM G + 5SM EG). The COCs were pre-equilibrated in 50% of the VS for
3-5 min, then kept in VS for 1 min and loaded in pre-sterilized 0.25 mL semen straws. After 7-10
days of storage COCs were warmed (38 °C for 5 s) and evaluated for morphological damage. Mor-
phologically normal COCs were cultured in vitro and evaluated for nuclear maturation (n=847), fer-
tilization (n=621) and cleavage (n=1451) in two separate experiments. The survival of oocytes was
86.4% and 89.6% in experiment 1 and 2. The highest proportion of normal oocytes was seen in 6 M
EG and the lowest — in 10 M G in both experiments. The in vitro maturation of oocytes at the end of
experiment 1, and the in vitro fertilization and cleavage at the end of experiment 2, were significantly
lower in all tested vitrification cryoprotectants compared to control. A dose-dependant increase in the
proportion of oocytes matured, fertilized or cleaved was seen for both G and EG up to concentrations
of 8 M. There was no specific benefit of combining G and EG on the subsequent in vitro maturation,
fertilization and cleavage of oocytes. At equal concentrations EG proved to be a better cryoprotectant
than G. It was concluded that there appeared to be a limit to the concentration of the cryoprotectant (8
M) beyond which the cryoprotectant exerted suboptimal effects and that there was no benefit of com-
bining two similar cryoprotectants for cryopreservation of oocytes by vitrification.

Key words: buffalo, ethylene glycol, glycerol, oocytes,vitrification

INTRODUCTION
Current cryopreservation protocols have (Willadsen et al., 1975; Whittingham,
evolved from methods developed for 1977; Willadsen et al., 1978). The design
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cells and tissues, including embryos and
eggs, usually disregard the biological
complexity of such material and focus
instead on the more immediate physical
consequences of cooling and rewarming
as potential causes of cellular damage.
This may explain the difficulty and rela-
tively poor success of oocyte cryopreser-
vation (Cohen et al., 1988; Carroll et al.,
1990; 1993; Gook et al., 1993). Accord-
ing to the most widely accepted explana-
tion, high solute concentrations, known as
“solution effects” and intracellular ice are
responsible for most, if not all, damage to
cells during cooling and rewarming (Shaw
et al., 2000). While both factors often
work simultaneously, intracellular ice is
most likely to occur during rapid cooling
and relatively slow rewarming, whereas
solution effects are more pronounced with
slow cooling (Mazur et al., 1992). Each
type of cell has its own optimal cooling
rate. Cryoprotectant permeability also
changes with changes in temperature
(Mazur, 1977). As the cells are cooled
slowly, ice crystals may be formed in the
cytoplasm which may be lethal to the cells
(Mazur, 1977). In contrast, when cells are
cryopreserved by vitrification, they are
cooled in such high concentrations of
cryoprotectant solution and at such high
cooling rates that intracellular ice crystals
do not form (Porcu, 2001).

Relatively few studies have focused on
the cryopreservation of bubaline oocytes.
These studies evaluated a single molar
concentration of two cryoprotectants: di-
methyl sulfoxide (DMSO) and ethylene
glycol (EG) (Dhali et al., 2000a; 2000b)
or different combinations of EG, DMSO
and 1,2-propanediol (PROH) (Wani et al.,
2004a) and studied the morphological
survival and nuclear maturation of oo-
cytes. The highest cleavage of buffalo
oocytes was recorded at 7M concentration
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of DMSO and other cryoprotectants (Wa-
ni et al., 2004b). Successful vitrification
can be achieved in two ways: i) increasing
the speed of temperature conduction and
ii) increasing the concentration of the
cryoprotectant (Fahy et al., 1984). It re-
mains to be seen whether the morphologi-
cal survival of oocytes can be further im-
proved by increasing the concentration of
the cryoprotectants or their combinations.
Buffalo oocyte cryopreservation can be
important because of the relatively lower
oocyte yield per ovary in this species
(Purohit et al., 2003); however, the cryo-
preservation protocols need substantial
improvement. The objective of the present
study was to vitrify bubaline oocytes and
determine their survival and subsequent
development in vitro.

MATERIALS AND METHODS

Cumulus oocyte complexes (COCs) were
collected by aspiration of surface follicles
(2-8 mm) present on buffalo ovaries
(n=1780) collected from a local abattoir.
COCs with an evenly granulated cyto-
plasm and 3—4 or more layers of cumulus
cells attached were selected for further
work.

Oocyte cryopreservation

Freshly collected oocytes were cryopre-
served by ultrarapid cooling as per me-
thods described previously (Das, 1997)
with some modifications. The vitrification
solution (VS) comprised of Dulbecco’s
phosphate buffered saline (DPBS) sup-
plemented with 0.5 M sucrose, 0.4% bo-
vine serum albumin (BSA) and different
molar (M) concentrations of the cryopro-
tectants glycerol (G) and ethylene glycol
(EG) and their combinations in order to be
tested as vitrification cryoprotectants. The
concentrations tested were 4 M, 6 M, 8 M
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and 10 M concentration of both G and EG
and combinations of 2M G + 2M EG, 3M
G+3MEG,4MG+4MEG and 5SMG +
5 M EG. The oocytes were pre-equilibra-
ted in 50% of the vitrification solution
(prepared by dilution of VS in DPBS) for
3—5 min and then kept in VS for 1 min
and loaded (4-5 oocytes per straw) in pre-
sterilized 0.25 mL straws (IMV, France).
The straws were heat-sealed and pre-coo-
led by keeping the straws over LN, va-
pour for 2 min at the height of about 5 cm
from LN, level. The straws were then
plunged in LN, and stored for 7-10 days.

Warming and evaluation

Frozen straws containing the oocytes were
warmed in a water bath at 38 °C for 5 s.
The contents of the straw were emptied in
a 35 mm Petri dish and the oocytes were
evaluated for morphological damage. The
oocytes were considered abnormal when
there was a change in shape, breakage of
zona pellucida, uneven granulation or
leakage of oocyte contents. The survival
percentage was calculated as the propor-
tion of oocytes seen to be normal against
the total number vitrified. The cryoprotec-
tant was removed by placing oocytes in
50% VS and then transferring to DPBS.
The morphologically normal oocytes were
matured and fertilized in vitro in two ex-
periments to record their in vitro matura-
tion, fertilization and cleavage. In experi-
ment 1, morphologically normal oocytes
(n=847) were matured in vitro (9 repli-
cates with 5—10 oocytes per replicate) for
24 h and evaluated at the end of the ex-
periment for maturation. Freshly collected
oocytes were simultaneously matured in
vitro and kept as control (n=95).

In experiment 2, oocytes were vitrified
and those recovered in normal form were
matured in vitro and then fertilized in vit-
ro (n=2072). Of the fertilized oocytes, a
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part were evaluated for fertilization by
fixing and staining (n=621) whereas the
rest were evaluated for cleavage (n=1451)
48 h later. Freshly collected oocytes were
also processed for in vitro maturation,
fertilization and culture without freezing,
evaluated for fertilization (n=72) and
cleavage (n=158) and kept as control.

In vitro maturation

Oocytes were matured in vitro in TCM-
199 supplemented with 5 pg.mL'1 FSH, 5
pgmL”’ LH and 1 ng/mL oestradiol, 25
mM Hepes, 0.25 mM pyruvate and antibi-
otics by keeping them in a CO, incubator
with 5% CO, and 39.5 °C temperature as
per previously described methods (Kumar
& Purohit, 2004; Purohit et al., 2005).
After 24 h of in vitro culture, all oocytes
in different groups in different replicates
were fixed and stained as per Purohit et
al. (2005) and evaluated. Briefly, the sur-
rounding cumulus cells were removed by
vortexing for 1 min. The cumulus-free
oocytes were placed in the centre of an
area delineated by two paraffin wax bars
on a clean grease-free glass slide. They
were compressed gently with a cover slip
to hold and fixed by keeping them in ace-
tic methanol (1:3, v/v) for 24 h. Oocytes
were stained with 1% aceto-orcein (1%
orcein in 45% glacial acetic acid). The
nuclear status of oocytes was evaluated
under a microscope and considered to be
matured if they were at metaphase II stage
(reduced number of chromatin, metaphase
plate and extrusion of 1¥ polar body).

Sperm preparation and in vitro fertiliza-
tion (IVF)

Frozen thawed buffalo bull semen was
prepared for IVF using a discontinuous
Percoll density gradient to separate live
spermatozoa as previously described
(Purohit et al., 2005). Briefly, 4 mL of
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90% isotonic Percoll was layered in a 15
mL centrifuge tube beneath 4 mL of 45%
isotonic Percoll. The sperms were washed
initially in TALP-BSA by centrifugation
at 250xg for 4 min. The sperm pellet was
re-suspended in 1 mL of the medium. The
washed sperm pellet was layered on the
top of Percoll gradient and centrifuged at
300xg for 35 min. The resultant pellet was
removed from the bottom and washed
twice in TALP-BSA by centrifugation.
The sperm pellet was re-suspended in
TALP to give a final concentration of
3x10° spermatozoa per mL. They were
incubated for 2-3 h in a CO, incubator.
The matured cumulus oocyte complexes
were transferred to another dish contain-
ing Fert-TALP medium (TALP supple-
mented with 30 ug.mL'1 penicillamine, 15
mM hypotaurine mL™") under paraffin oil.
This was inseminated with prepared
sperms in a volume, so as to give a final
concentration of 1x10° spermatozoa per
mL. Following co-incubation for 20-24 h
with sperm, approximately 30% of the
oocytes from each treatment group were
washed with fresh medium and vortexed
for 1 min to separate the cumulus mass.
They were prepared for fixing and stain-

ing in the same way as oocytes were fixed
after in vitro maturation. The fertilization
was evaluated as per previous method
(Purohit et al., 2005).

In vitro embryo culture

Following 20-24 h of sperm oocyte co-
incubation, oocytes were washed 10-15
times in the IVM media and they were
then cultured for another 48 h. The clea-
vage (division into two or more cells) was
recorded.

Statistical analysis

The proportion of morphologically normal
oocytes recovered between various groups
was compared by the Chi-square test. The
arcsin transformed data of the proportion
of oocytes matured, fertilized or cleaved
over various groups were compared by
DNMR test (Purohit et al., 2005).

RESULTS

Oocyte survival

In experiment 1 and 2 the survival of oo-
cytes was 86.4% (1050/1214) and 89.6%
(2072/2310) respectively. Some of the

Fig. 1. Microphotograph showing morphologic
damage (ruptured zona, leakage of oocyte con-
tents, uneven granulation) in oocytes cryopre-
served by vitrification in 4 M glycerol.
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Fig. 2. Microphotograph showing change in
shape of oocytes cryopreserved by vitrifica-
tion in 6 M ethylene glycol.
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Table 1. Survival of buffalo oocytes after vit-
rification in varying concentrations of gly-
cerol, ethylene glycol and their combinations

Vitrification Proportion of
solution morphologically
normal oocytes
4MG 81.63 *¢
6MG 90.56 &
8MG 86.17 *¢
I0MG 70.21°%
4MEG 87.36 't
6MEG 95.23 ¢
8MEG 94.0b °¢
10M EG 72.34 ¢
2M G+2M EG 83.65
3MG+3M EG 87.17 %
4M G+4MEG 92.24 ¢
SMG+5MEG 94.64 &

Values in same column with different super-
scripts differ significantly, X* test (P=0.05).
Pooled data of two experiments.

abnormalities observed in the oocytes sub-
sequent to warming of cryopreserved oo-
cytes are shown in Fig. 1 & Fig. 2. The
highest proportion of normal oocytes was
seen in 6 M EG and the lowest — in 10 M
G, in both experiment 1 and 2. Non-signi-
ficant (P>0.05) differences were seen be-
tween the oocytes recovered in normal
form for equal concentrations of both G
and EG. Pooled data of survival of oo-
cytes in the various concentrations of G
and EG or their combination are shown in
Table 1.

In vitro maturation

Oocyte maturation was significantly lower
(p=0.05) in all vitrification cryoprotec-
tants compared to control. The proportion
of oocytes attaining M-II increased with
increasing concentrations of both cryopro-
tectants up to 8 M, however, at 10 M con-
centrations of both G and EG, the nuclear
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maturation rates decreased significantly
(P=0.05). Combination of both cryopro-
tectants did not further improve the nu-
clear maturation of oocytes compared to
when either cryoprotectant (G or EG) was
used alone, except for the combination of
S5M G and 5M EG. EG was found to be a
better cryoprotectant compared to G as
evident by significantly higher (P=0.05)
proportion of oocytes reaching M-I at
equal concentration of EG (4 M, 6 M, 8 M
and 10M) as compared to G.

Fertilization and cleavage

In experiment 2, the proportion of oocytes
fertilized or cleaved at the end of experi-
ment was significantly higher for control
oocytes as compared to vitrified oocytes
(Table 2). A dose-dependant significant
increase (P=0.05) in the proportion of
oocytes fertilized or cleaved was seen up
to 8 M concentration of both G and EG. At
equal concentrations (4 M, 6 M, 8 M and 10
M), a significantly higher proportion of
oocytes were fertilized, and cleaved in EG
compared to G. A specific benefit of
combining the two cryoprotectants (G and
EQG) on the fertilization or cleavage of vit-
rified oocytes was not seen and the com-
bination yielded lower fertilization and
cleavage rates compared to when either G
or EG was used alone except at 10 M con-
centration (5M G + 5M EG) which tended
to increase the fertilization and cleavage.

DISCUSSION

The results of the present study indicate
that a high proportion of oocytes retain
their normal morphology after a short
exposure to high concentrations of dif-
ferent cryoprotectants except for 10 M gly-
cerol at which a high proportion of oo-
cytes turned out to be abnormal. These
findings corroborate well with previous
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Table 2. In vitro maturation, fertilization and cleavage of buffalo oocytes vitrified in different
concentrations of glycerol (G), ethylene glycol (EG) and their combinations

Vitrification In vitro maturation In vitro fertilization Cleavage
solution (%) A (%) B (%)°
Control 65.26 ¢ 54.16° 31.64°
AMG 6.90° 5.554 5.00 ¢
6MG 21.17° 19.23°¢ 15.00
8M G 25.00 % 22.00 ¢ 18.64°
10M G 5.45° 4.16¢ 0.89 9
4MEG 22.66° 19.23° 9.91
6MEG 3432 27.08 % 19.81°
8SMEG 41.89¢ 37.73° 22.40°
I0MEG 7.50° 3.704 1.58"
2MG +2MEG 6.32° 4.08° 3.53 ¢
3MG+3MEG 9.52° 7.54 ¢ 5.60 °
AMG +4MEG 24.39 % 20.34 ¢ 10.23 %
5MG+5MEG 28.73 ™ 22.22°¢ 17.32°

Values in same column with different superscripts differ significantly, DNMR-test (arcsin trans-
formed data) (P=0.05). Data pooled from (A) 9 replicates, (B) 8 replicates and (C) 10 replicates.

findings of Dhali ef al. (2000a) and Wani
et al. (2004a) on buffalo oocytes. Studies
by Vieira et al. (2001) and Mavrides &
Morroll (2002) had also recorded sur-
vival/recovery rates of 65-95 % for bovi-
ne vitrified oocytes as in the present study.
The damage to oocytes during cryopreser-
vation may be because of the large lipid
like material found in oocytes of many
species, since lipid removal or lipid po-
larization reduces chill and cryo-injury
(Otoi et al., 1997).

The in vitro maturation, fertilization
and cleavage of the vitrified immature
buffalo oocytes were significantly lower
compared to control in the present study.
Wani et al. (2004b) recorded that less
buffalo oocytes reached metaphase-II for
oocytes cryopreserved in different con-
centrations of DMSO, EG, PROH and
glycerol compared to fresh oocytes.

A dose-dependant increase in the pro-
portion of oocytes that survived morpho-
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logical damage and subsequently matured,
fertilized and cleaved in vitro suggested
that the optimum concentration of both
cryoprotectants was 8 M. Many publica-
tions on the problems of mammalian oo-
cyte cryopreservation contain information
regarding the negative effects of low tem-
perature including the cytoskeleton de-
polymerization effects of permeable cryo-
protectants (Pickering & Johnson, 1987;
Vincent et al., 1989; Aigner et al., 1992;
Joly et al., 1992; Yoon et al., 2000). Such
effects may be more pronounced with
high concentrations of the two permeable
cryoprotectants used in the present study.
The freeze thaw process is known to in-
duce an alteration in the physico-chemical
properties of intracellular lipids (Isachen-
ko et al., 2001; Kim et al., 2001) and such
damages may render the oocyte incapable
of retaining its developmental compe-
tence. Despite the protective effects of
cryoprotectants during freezing they may
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impose concentration, time and tempera-
ture dependant toxicity (Fahy et al.,
1990).

The findings of better performance of
ethylene glycol as a vitrification cryopro-
tectant, compared to glycerol and the op-
timum concentration of both cryoprotec-
tants being 8 M during the present study
suggested that there was a limit to the
concentration of the cryoprotectant to be
used beyond which it may exert sub-
optimal effects. This is in part similar to
previous findings of Wani et al. (2004b).
These workers observed that the highest
IVM of buffalo oocytes was observed for
oocytes vitrified in 7 M solution of all
cryoprotectants and that EG was better
compared to glycerol. Ethylene glycol has
been found to be an effective cryoprotec-
tant for the vitrification of mouse (Miyake
et al., 1993), cattle (Delval et al., 1996;
Saha et al., 1996) and buffalo (Dhali et
al., 2000a; 2000b, Wani et al., 2004b)
oocytes, since it offers advantages over
other cryoprotectants in terms of higher
permeation into oocytes/embryos for vitri-
fication, and, faster removal during dilu-
tion, as its molecular weight is lower than
that of glycerol (Dhali et al., 2000a).
Ethylene glycol has been found to be less
toxic than glycerol and propylene glycol
to mouse embryos (Kasai et al., 1990) and
the post-vitrification survival of bovine
embryos has been found to be much
higher in ethylene glycol than in either a
combination of DMSO, PG and polyeth-
ylene glycol or a combination of glycerol
and PG (Mahmoudzadeh et al., 1993).

A combination of both cryoprotectants
did not improve the nuclear maturation,
fertilization and cleavage rates of vitrified
oocytes compared to when either was used
alone. Although many workers (Critser et
al., 1997, Vajta et al., 1998, Paynter et
al., 1999) had recorded marginal benefit
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of combining more than one cryoprotec-
tant on in vitro maturation of bovine oo-
cytes, Wani et al. (2004b) however, had
found no benefit of combining DMSO
with either EG or propylene glycol on the
nuclear maturation of vitrified buffalo
oocytes. The overall composition of the
solution appears to be important (Shaw et
al., 2000) as oocyte survival is modified
by other components including sugars,
macro-molecules or polymers (Carroll et
al., 1993; Miyake et al., 1993; O’Neil et
al., 1997). It was concluded that there
appeared to be a limit to the concentration
of the cryoprotectants G and EG (8 M)
beyond which they exerted sub-optimal
effects and that there was no benefit of
combining these two permeable cryopro-
tectants for oocyte vitrification.
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