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ABSTRACT: The in vitro maturation (IVM), fertilization (IVF) and morphological changes in buffalo cumu-
lus oocyte complexes (COCs) cryopreserved by ultra rapid freezing using conventional (CON) and open-pulled 
straw (OPS) methods were tested. COCs were cryopreserved using a vitrification solution comprising of DPBS + 
0.5M sucrose + 0.4% BSA and two concentrations (4.5 or 5.5M) of each cryoprotectant ethylene glycol (EG) and 
dimethylsulfoxide (DMSO) and cryopreserved by either CON or OPS method. Vitrified COCs were stored in LN2 
for seven days and then thawed, and morphologically normal COCs were used for IVM (n = 864) and IVF (n = 
933) in two separate experiments to record (1) morphological damage of COCs due to vitrification, (2) nuclear 
maturation 24 h after culture (nine replicates) and (3) fertilization 24 h after insemination (10 replicates). The 
COCs were matured in vitro in TCM-199 medium using hormone supplements and fertilized using TALP-BSA. 
Freshly collected COCs were separately used for IVM (n = 110) and IVF (n = 130) and kept as control. The arcsin 
transformed data of the proportion of COCs matured or fertilized was compared by DNMR test. The highest 
proportion of morphologically normal COCs were seen in 5.5M EG with CON method (94.5%) and the lowest 
were seen in 4.5M DMSO with OPS method (82.4%). At the end of Experiment 1, it was revealed that IVM in all 
vitrification groups was significantly lower (P < 0.05) compared to control (66.4%). Amongst the various vitrifica-
tion treatments the highest IVM was seen in 5.5M EG with OPS method (39.2%) and the lowest in 4.5M DMSO 
with CON method (19.3%). Comparison of both concentrations of EG and DMSO showed that the proportion of 
COCs attaining metaphase-II (M-II) increased with increasing concentration of both the cryoprotectants. How-
ever, at equal concentration of EG and DMSO the proportion of COCs attaining M-II were significantly higher in 
OPS method compared to CON method. In Experiment 2, a significantly higher (P < 0.05) IVF was seen for fresh 
COCs (45.4%) compared to vitrified COCs. Amongst the vitrification treatments the highest fertilization was seen 
for 5.5M EG with the OPS method (33.6 %) and the lowest for the 4.5M DMSO with CON method (15.17%). A 
dose dependant increase in the proportion of oocytes fertilized was seen with increasing concentration of both 
EG and DMSO [CON: 4.5M (15.2%), 5.5M (25.6%), OPS: 4.5M (21.3%) and 5.5M (27.5%)] in both CON and OPS 
methods. Comparison of the two cryoprotectants revealed that EG was better compared to DMSO. At equal con-
centrations of EG or DMSO a significantly higher (P < 0.05) proportion of fertilized oocytes were seen in OPS 
method compared to the CON method. It was concluded that developmental capacity of vitrified buffalo COCs 
could be improved by using OPS in comparison to conventional straws.
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Controlled slow freezing continues to be the most 
widely used technique for cryopreservation of oo-
cytes and in vivo and in vitro produced embryos. 

However, in the last decade the vitrification tech-
nique, a cryoprotectant system involving the ad-
dition of higher concentrations of cryoprotectants 
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and ultra rapid cooling (Rall and Fahy, 1985) has 
been tested in various species with good results 
(Massip et al., 1986; Vajta et al., 1998; Dattena et 
al., 2000; Isachenko et al., 2003; Garg and Purohit, 
2007). Different vitrification protocols have been 
experimented to cryopreserve in vivo and in vitro 
produced embryos or oocytes. These protocols dif-
fer in many ways, including the type and concentra-
tion of the cryoprotectant, number of equilibration 
steps, type of cryopreservation device used, time of 
exposure, and number of dilution steps at warming 
(Szell et al., 1990; Schieve, 1991; Yang et al., 1992; 
Ali and Shelton, 1993; Vajta et al., 1998; Dattena 
et al., 2000), and, it is widely believed that each of 
these factors can affect the results.

Glass ampoules were originally used to store 
frozen cattle embryos (Massip et al., 1987). In the 
1980’s, the plastic straw became the container of 
choice for vitrification and storage of embryos (Rall 
and Fahy, 1985; Massip et al., 1989). A recent modi-
fication, the open-pulled straw (OPS), reduces the 
volume of vitrification solution and allows direct 
contact between the embryo/oocyte and liquid 
nitrogen, thus enhancing the cooling rate (Vajta 
et al., 1998; Dattena et al., 2000; Isachenko et al., 
2003). In fact, the minimum drop size and a rapid 
cooling rate are very important factors to improve 
vitrification results (Martino et al., 1996a; Arav and 
Zeron, 1997; Vajta et al., 1998).

Relatively few studies have focused on the cry-
opreservation of bubaline oocytes (Dhali et al., 
2000a; Wani et al., 2004a, b; Yadav et al., 2008) 
and embryos (Misra et al., 1992). Buffalo oocyte 
cryopreservation can be important because of the 
relatively lower oocyte yield per ovary (Purohit 
and Sharma, 2002; Purohit et al., 2003) however, 
the cryopreservation protocols need substantial 
improvement. The objective of the present study 
was to vitrify bubaline oocytes using conventional 
straw and OPS methods with two cryoprotectants 
in order to determine the optimum cryoprotectant 
and vitrification method.

Material and Methods

Oocyte collection

Cumulus oocyte complexes (COCs) (n = 2 752) 
were collected by aspiration of non-attretic surface 
follicles over buffalo ovaries procured from a local 
abattoir in tissue culture medium-199 (TCM-199) 

buffered with 25mM Hepes and supplemented 
with 0.25mM pyruvate and antibiotics. The COCs 
with an intact compact cumulus and homogeneous 
ooplasm (n = 2 250) were randomly allocated to 
two ultra-rapid cryopreservation protocols, the 
conventional vitrification (CON) or vitrification 
using open-pulled straws (OPS) using two concen-
tration each (4.5M and 5.5M) of the two cryopro-
tectants dimethylsulfoxide (DMSO) and ethylene 
glycol (EG).

Vitrification procedures

The basic vitrification solution (VS) was prepared 
by adding either, 4.5M or 5.5M concentration of 
either DMSO or EG to dulbecco’s phosphate buff-
ered saline (DPBS) with 0.4% bovine serum albumin 
(BSA) and 0.5M sucrose. The 50% VS was prepared 
by dilution of VS in DPBS. The open-pulled straws 
were made as per previously described methods 
(Hurtt et al., 2000). Briefly, conventional 0.25 ml 
French medium semen straws (IMV, France) were 
held horizontally 3–5 cm above a kitchen hot plate 
and warmed to 200°C to 250°C for 10 to 15 s or until 
the straw became soft. When slightly melted, the 
straw was pulled to approximately twice its original 
13 cm length, resulting in halving of the inner diam-
eter. After pulling, the straw was held for 10 s away 
from the hot plate until it solidified. Straws were 
then cut, with a sharp razor blade on a hard surface 
at 9.5 cm from the remaining straw, resulting in 
preparation of two open pulled straws. The straws 
were placed in 70% ethanol overnight and allowed 
to dry in a clean cabinet in a plastic container.

The oocytes to be used for cryopreservation were 
pre-equilibrated in 50% of the VS for 3–5 min and 
then placed in VS. In conventional method of cryo-
preservation (Yadav et al., 2008) the oocytes were 
loaded in 0.25 ml mini semen straws in a column of 
VS separated by air bubbles on each side and after 
loading the straws were heat sealed. The straws 
were pre-cooled by keeping the straw over LN2 va-
por for 2 min at the height of about 5 cm from the 
LN2 level. The straws were then plunged in LN2 for 
storage. In OPS system, the loading of oocytes was 
done by touching the tip of open pulled straw in 
the VS micro drop and the open-pulled straws were 
directly plunged into LN2 without sealing the open 
ends. The straws were cryopreserved and kept for 
seven days before evaluation. At warming straws 
were placed for 10 s in water at 37°C.
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Morphological evaluation

The COCs were defined as having morphologi-
cally survived if the cells possessed an intact zona 
pellucida and plasma membrane and homogeneous 
cytoplasm. The number of morphologically normal 
COCs was recorded for each replicate and each 
treatment separately. In two separate experiments, 
morphologically normal COCs were further sub-
jected to in vitro maturation (n = 864) and fertiliza-
tion (n = 933) as per previously described methods 
(Purohit et al., 2005). Freshly collected COCs were 
separately used for IVM (n = 110) and IVF (n = 130) 
and kept as control.

In vitro maturation

In Experiment 1 (nine replicates) warmed COCs 
were separately cultured in vitro in TCM-199 me-
dium supplemented with 5 µg/ml FSH, 5 µg/ml LH, 
1 ng/ml estradiol, 25mM Hepes, 0.25mM pyruvate 
and antibiotics in 50–100 µl maturation media for 
24 h at 38.5 ± 1°C and 5% CO2 in humidified air in 
a CO2 incubator. After 24 h COCs were taken out, 
and the surrounding cumulus cells were separated 
by vortexing for 1 min in TCM-199 with hyaluroni-
dase (0.3%). They were then fixed and stained with 
1% orcein to evaluate the nuclear status as per pre-
viously described methods (Purohit et al., 2005).

In vitro fertilization

In Experiment 2, (10 replicates) vitrified and 
warmed COCs were first matured in vitro for 24 h 
and then subjected to in vitro fertilization (IVF). 
Frozen thawed buffalo bull semen was prepared for 
IVF using a discontinuous Percoll density gradient 
to separate live spermatozoa (Purohit et al., 2005). 
Briefly, 4 ml of 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 250g 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 300g for 35 min. 
The resultant pellet was removed from the bottom 
and washed twice in TALP-BSA by centrifugation.

The sperm pellet was then re-suspended in 
TALP-BSA to give a final concentration of 3 × 109 

sperms per ml. They were then incubated for 2–3 h 

in a CO2 incubator. The matured COCs were trans-
ferred to another dish containing Fert-TALP medi-
um (TALP supplemented with 30 mg penicillamine 
per ml, 15mM hypotaurine per ml) under paraffin 
oil. This was inseminated with prepared sperms in 
a volume so as to give a final concentration of 2 × 
105 sperms per ml.

Following co-incubation for 20–24 h with sperms, 
all COCs were washed with fresh medium and vor-
texed for 1 min to separate the cumulus cells. They 
were then fixed and stained to evaluate fertilization.

Statistical methods

The proportion of COCs that were retrieved in 
morphologically normal form over the various 
treatments and cryopreservation protocols, were 
compared by chi-square test. Arcsin transformation 
of the proportion of oocytes matured and fertilized 
in vitro over the various treatment groups was done 
and the replicate data compared by Duncans new 
multiple range test (DNMRT).

Results

Morphologic survival

In Experiment 1 and 2 the morphologic sur-
vival of oocytes was 88.79% (864/973) and 85.6% 
(933/1 090). The highest proportion of morphologi-
cally normal oocytes were seen in 5.5M EG with the 
CON method and the lowest were in 4.5M DMSO, 
with the OPS method for both Experiment 1 and 
2. Non-significant (P > 0.05) differences were seen 
between the oocytes recovered in morphologically 
normal form for equal concentrations of both EG 
and DMSO with the two methods of vitrification 
used. Pooled data of morphologic 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 the vitrification cryoprotectants com-
pared to control. The proportion of oocytes attain-
ing M-II was significantly higher (P < 0.05) at 5.5M 
concentration compared to 4.5M concentration of 
both EG and DMSO in both methods of vitrifica-
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tion used. The highest IVM was seen at 5.5M EG 
using the OPS method and the lowest was seen 
in 4.5M DMSO with the CON method. At equal 
concentrations of EG and DMSO the proportion 
of oocytes attaining M-II was significantly higher 
in the OPS method compared to the CON method 
and EG was better compared to DMSO.

In vitro fertilization

In Experiment 2, a significantly higher (P < 0.05) 
IVF was seen for fresh COCs (45.4%) compared 

to vitrified COCs. Amongst the vitrification treat-
ments the highest fertilization was seen for 5.5M 
EG with the OPS method (33.6%) and the lowest 
for the 4.5M DMSO with CON method (15.17%). 
At a higher concentration of both EG and DMSO 
(5.5M) an increase in the proportion of oocytes 
fertilized was seen in both CON and OPS methods. 
Comparison of the two cryoprotectants revealed 
that EG was better compared to DMSO. At equal 
concentrations of EG or DMSO a significantly high-
er (P < 0.05) proportion of fertilized oocytes were 
seen in OPS method compared to the CON method. 
It was concluded that developmental capacity of 

Table 1. Morphologic survival of buffalo oocytes vitrified using two methods of vitrification and two concentrations 
of EG and DMSO

Vitrification solution Method of vitrificationA Proportion of oocytes seen to be morphologically normal

4.5M EG CON 89.6ac

5.5M EG CON 94.6a

4.5M DMSO CON 86.5bcd 

5.5M DMSO CON 92.0ad

4.5M EG OPS 86.6bcd

5.5M EG OPS 89.4ac

4.5M DMSO OPS 82.3bc

5.5M DMSO OPS 88.8abd

Values in same column with different superscripts differ significantly, X2 test (P < 0.05)
Apooled data of two experiments
CON = conventional method; OPS = open-pulled straw method

Table 2. In vitro maturation and fertilization of buffalo oocytes vitrified by two methods in different concentrations 
of EG and DMSO

Vitrification solution Vtrification method In vitro maturation (%)A In vitro fertilization (%)B

Control 63.36a 45.38a

4.5M EG CON 23.91e 18.64d

5.5M EG CON 31.37c 28.09b

4.5M DMSO CON 19.31f 15.17e

5.5M DMSO CON 29.78cd 25.64b 

4.5M EG OPS 29.41cd 24.77bc

5.5M EG OPS 39.13b 33.61f

4.5M DMSO OPS 25.55de 21.36cd

5.5M DMSO OPS 36.04b 27.50b

Values in same column with different superscripts differ significantly, DNMR-test (arcsin transformed data) (P < 0.05)
CON = conventional method; OPS = open-pulled straw
Adata pooled from 9 replicates; Bdata pooled from 10 replicates
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vitrified buffalo COCs could be improved by using 
OPS in comparison to conventional straws.

Discussion

The results of the present study indicated that a 
high proportion of COCs retain their morphology 
after a short exposure to high concentration of dif-
ferent cryoprotectants and cryopreservation with 
different vitrification protocols. Previous studiees on 
vitrified cattle oocytes (Vieira et al., 2001; Mavrides 
and Moroll, 2002; Yang-Byoung et al., 2003) had re-
corded the morphological survival rates of between 
65 to 95% and, studies on buffalo oocytes had also 
recorded high proportion of oocytes in morpho-
logically normal form subsequent to vitrification in 
either DMSO or EG (Dhali et al., 2000a; Wani et 
al., 2004b; Yadav et al., 2008). As compared to con-
ventional method of vitrification (CON) the OPS 
method yielded lower proportion of morphologic 
survival of oocytes as also shown in previous studies 
on mouse oocytes (Shee-Uan-Chen et al., 2000). A 
portion of the oocytes in the OPS might come into 
direct contact with liquid nitrogen which may have 
an adverse effect on their survival.

The in vitro maturation and fertilization of vitri-
fied immature buffalo COCs was significantly lower 
compared to non-vitrified control in the present 
study. Since the production of the first blastocyst 
stage embryos following IVF of frozen-thawed ma-
ture bovine oocytes (Lim et al., 1991) many research 
teams have tried to improve cryopreservation pro-
cedures for bovine oocytes. Despite the efforts, 
survival of cryopreserved oocytes and subsequent 
blastocyst development remained low (Fuku et al., 
1992; Otoi et al., 1993; Suzuki et al., 1996; Kubota 
et al., 1998). The reduction in the developmental 
ability of vitrified oocytes could be due to the toxic 
effects of cryoprotectants and osmotic injury. In 
addition, the possibility of deleterious effects on 
chromosomes and other cytoplasmic structures 
cannot be ruled out, since such effects have been 
shown during cryopreservation of mouse (Van der 
Elst et al., 1988) and human (Pickering et al., 1990; 
Park et al., 1997) oocytes.

The freeze thaw process is known to induce an 
alteration in the physico-chemical properties in 
the intra-cellular lipids (Isachenko et al., 2001; 
Kim et al., 2001) and such damages may render 
the oocyte incapable of retaining its developmen-
tal competence. Despite the protective effects of 

cryoprotectants during freezing, they may impose 
concentration, time and temperature dependent 
toxicity (Fahy et al., 1990).

The 5.5M concentration of EG was found to be a 
better cryoprotectant compared to 4.5M concen-
tration for both methods (CON and OPS) of vitri-
fication of oocytes as evident by higher proportion 
of oocytes maturing or fertilizing in vitro (Table 2). 
Moreover, EG was found to be a better cryopro-
tectant compared to DMSO in all the treatments, 
and cryopreservation protocols tested, as shown by 
a higher proportion of vitrified warmed oocytes ma-
turing or fertilizing subsequently. Vitrified warmed 
buffalo oocytes have been shown to yield highest 
subsequent in vitro maturation and fertilization, 
when they had been vitrified in 6M (Yadav et al., 
2008) to 7M solutions of various cryoprotectants 
compared to that in lower concentrations, and that 
EG was better compared to DMSO (Wani et al., 
2004b). EG is known to offer advantage over other 
cryoprotectants in terms of higher permeation into 
oocytes for vitrification and, faster removal during 
dilution as its molecular weight is lower (Dhali et 
al., 2000b).

The subsequent in vitro maturation and in vitro 
fertilization rates of vitrified buffalo oocytes were 
higher for oocytes vitrified by the OPS method, 
compared to the CON method at same concentra-
tions of both the cryoprotectants. This confirms 
the findings of Vajta et al., (1998) that the develop-
mental capacity of vitrified bovine oocytes could 
be improved using the OPS in comparison to the 
CON method. The tip of the open-pulled straw is 
designed to have a small diameter and thin wall, 
hence, oocytes held in OPS with a very small vol-
ume of vitrification solution achieve a faster cooling 
and warming rate (a theoretical rate of 20 000°C/
min) than those in conventional straw (2 500°C/
min) (Rall and Fahy, 1985; Vajta et al., 1998). They 
can rapidly traverse the critical temperature dam-
aging to the spindle and assumed to be 15°C to 
–15°C (Martino et al., 1996b). Moreover, oocytes 
in vitrification medium (1–2 µl) in OPS are directly 
warmed in the dilution and quickly expelled (within 
1 s) and immediately diluted. This reduces exposure 
to inappropriate temperatures and concentrate cry-
oprotectants. In contrast, the conventional straw is 
warmed in water and then cut with scissors. It takes 
more time for oocytes to pass through the unsuit-
able conditions (< 45 s). These effects may explain 
why vitrification of oocytes using OPS results in 
better in vitro maturation and fertilization.
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In conclusion the developmental capacity of vit-
rified buffalo oocytes could be improved by us-
ing OPS in comparison to the conventional straw 
method.
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