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Abstract: The aim of this study was to compare the efficacy of conventional straw vitrification with open pulled straw vitrification in
terms of cryosurvivability and damages caused to the oocytes. Two hundred immature goat cumulus oocyte complexes (COCs) were
vitrified in a solution of ethylene glycol, dimethyl sulfoxide, and sucrose using either conventional straws (100 COCs) or open pulled
straws (100 COCs). The COCs were warmed and observed for morphological damages and viability after 7 days of preservation in
liquid nitrogen. Among the 100 COCs cryopreserved in each case, only 83 COCs were recovered after warming in conventional straw
vitrification as compared to 94 COCs in open pulled straw vitrification. In terms of morphological survivability, the percentage of
morphologically normal oocytes was greater (P < 0.01) in the case of open pulled straw vitrification (86.2%) as compared to conventional
straw vitrification (59.0%). Viability percentage of live oocytes was greater (P < 0.01) in the case of open pulled straw vitrification
(90.4%) as compared to conventional straw vitrification (66.3%). The results indicate that open pulled straw vitrification is better than

conventional straw vitrification for rapid freezing of immature goat COCs in terms of both morphological survival and viability.
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1. Introduction

Vitrification refers to the physical phenomenon describing
the solidification of water or water-based solutions into
a glass-like amorphous liquid state (called the vitreous
state), due to extreme elevation in viscosity during cooling,
without the formation of ice crystals (1). Mammalian
oocyte vitrification was first performed by Sherman and
Lin in 1958 (2); since then, many researchers have used
different devices to vitrify the oocytes of different species
such as mouse (3-5), cow (6-8), buffalo (9-11), sheep
(12,13), pig (14,15), and human (16-18).

Goat oocytes have been vitrified using different
techniques such as conventional straw vitrification (19),
solid surface vitrification (20), and other methods like open
pulled straw, hemistraw, cryoloop, and cryotop methods
(21). Despite all these efforts, the results of vitrification
in caprine species are far from being comparable to
those for other domestic species. There is an acute need
of developing a safe and results-oriented method of
vitrification along with a proper combination of vitrifying
solution for cryopreserving female germplasm in this
species. Thus, the present study was designed to compare
the efficacy of 2 different vitrification techniques in terms
of cryosurvivability and damages caused by vitrification to
goat oocytes.

* Correspondence: dr.rameezali@gmail.com

2. Materials and methods

2.1. Chemicals and media

All the chemicals and media were purchased from
Sigma Chemical Co. (USA) and plastic ware from Nunc
(Denmark), unless otherwise indicated. All the media
used in present study were supplemented with penicillin
(100 IU/mL) and streptomycin (0.1 mg/mL) prior to use.

2.1.1. Holding media

Holding media (HM) were used for preparation of
vitrification and warming solutions. Medium 199 with
HEPES was supplemented with 20% fetal bovine serum
for preparation of HM.

2.1.2. Vitrification solutions

Two vitrification solutions were prepared: vitrification
solution-I (VS-I) for equilibration by adding 10% ethylene
glycol (EG) and 10% dimethyl sulfoxide (DMSO) to the
HM, and vitrification solution-II (VS-II) for final dilution
adding 20% EG, 20% DMSO, and 0.6 M sucrose to the
HM.

2.1.3. Warming solutions

Similar to the vitrification solutions, 2 warming solutions
were prepared. Warming solution-I (WS-I) contained 10%
EG, 10% DMSO, and 0.3 M sucrose and warming solution-
II (WS-II) contained WS-I and HM in the ratio of 1:3 v/v.
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2.2. Source of ovaries and oocyte collection

Goat ovaries were obtained from a municipal slaughter
house in Jammu and transported to the laboratory in a
thermos containing DBPS at 37 °C within 1 h of slaughter.
In the laboratory each ovary was separated from the
surrounding tissue and overlying bursa. The ovaries were
rinsed in physiological saline and 70% alcohol followed by 3
washings in DBPS with antibiotics. Oocytes were collected
by aspiration of visible surface follicles of 2-8 mm as per
the method described by Wani et al. (22). The cumulus
oocyte complexes (COCs) were graded under a stereo-
zoom-microscope and only those having homogeneous
cytoplasm surrounded by more than 3 layers of compact
cumulus cells were selected for vitrification.

2.3. Vitrification of COCs

Vitrification of COCs was carried out in 2 steps. Initially,
COCs were equilibrated in VS-I for 2-5 min followed
by vitrification in VS-II for 30 s before being loaded into
either conventional straws or open pulled straws.

2.3.1. Conventional straw (CS) method

COCs were vitrified using French mini straws (IMV,
France, Figure 1A) according to the method described
by Naik et al. (23). After the proper exposure to VS-II, 5
COCs were loaded into 0.25-mL straws sequentially as
follows: VS-II, air bubble, VS-II containing COCS, air
bubble, and VS-I1, and then the open end of the straw was
closed by heat sealing. Immediately after loading straws
were plunged into liquid nitrogen (LN,) and stored for 1
week.

2.3.2. Open pulled straw (OPS) method

OPS vitrification was carried out as described by Rao et
al. (24). Open pulled straws were prepared by slightly
melting French mini straws over a flame and then hand
pulling them to achieve a diameter that was half of their
original diameter. The straws were then held in air for a
few seconds prior to cutting at the narrowest point of the
pulled portion (Figure 1B). After the proper exposure to
the VS-II, 5 COCs were loaded into the straws by capillary
action. Immediately after loading straws were plunged into
LN, and stored for 1 week.

2.4. Warming of vitrified COCs

Warming of vitrified COCs was carried out in 2 steps.
Initially, COCs were warmed in WS-I for 1 min and
subsequently transferred into WS-II for 5 min. Warmed
COCs were then washed twice in HM before being
examined. For the CS method, straws were exposed to air
at room temperature until the frozen solution liquefied.
Sealed ends were cut and the contents were poured into
35-mm culture dishes, and COCs were transferred into
WS-I followed by transfer into WS-II and washings. For
the OPS method, straws were taken out of the LN, and the
open end was immersed vertically in WS-I solution. The
vitrification medium liquefied in 2-4 s and the COCs were
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Figure 1. Types of cryodevices used in the study: A) conventional
(French mini) straw and B) open pulled straw to achieve a
diameter that was half of the original diameter.

released into the WS-I followed by transfer into WS-II and
washings.

2.5. Morphological assessment

The vitrified and warmed COCs were evaluated for
morphological damage within 30 min of warming as per
the method described by Garg and Purohit (19). Oocytes
were considered abnormal when there was change in
shape, breakage of zona pellucida, cumulus cell loss,
or oocytes split into 2 halves. The morphologic survival
percentage was calculated as the proportion of COCs
seen to be normal against the total number vitrified and
recovered.

2.6. Evaluation of oocyte viability

The viability of vitrified and warmed COCs was evaluated
by the method of Gupta et al. (25). One drop of trypan
blue (0.4%) was added to a drop of holding medium. Five
oocytes were added to this solution and allowed to settle
for 5 min, after which they were transferred to HM and
examined under inverted phase contrast microscopy. Both
cumulus cells and ooplasm took up a blue stain in the case
of dead oocytes, whereas live oocytes remained unstained.

2.7. Statistical analysis
Data were analyzed by the chi-square test (2 x 2
contingency tables).

3. Results

In the present study, 83 out of the 100 oocytes vitrified
were recovered in the case of the CS method, whereas 94
oocytes were recovered in the OPS method (Table 1). The
percentage of morphologically normal and live oocytes was
greater (P < 0.01) in OPS vitrification (86.2% and 90.4%,
respectively) as compared to CS vitrification (59.0% and
66.3%, respectively).
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Table 1. Effect of 2 vitrification techniques on morphology and viability of caprine COCs.

Vitrification technique Total no. of No. of COCs No. of morphologically ~ No. of No. of No. of
i u
d COC:s vitrified recovered normal COCs damaged COCs live COCs dead COCs

Conventional straw (CS) 49 34 55 28

. . 100 83
vitrification (59.0)* (41.0)* (66.3)* (33.7)*
Open pulled straw (OPS) 100 o4 81 13 85 9
vitrification (86.2)° (13.8)® (90.4)° (9.6)®

Means with different superscripts within a column vary significantly (P < 0.01). Values in parentheses indicate percentages.

The most common abnormalities found in the present
study were cumulus cell loss, abnormal shape, and
cracking of zona (Table 2; Figure 2). However, among the
cumulus cell loss, partial loss was greater (P < 0.05) in
OPS vitrification (38.5%) as compared to CS vitrification
(17.6%), and conversely complete loss was greater (P <
0.05) in CS vitrification (35.3%) as compared to OPS
vitrification (23.1%). In addition, cracking of zona was
greater (P < 0.05) in CS vitrification (26.5%) as compared
to OPS vitrification (15.4%).

4. Discussion

Thehigher recoveryratein the OPS method maybe because of
the low volume of vitrification solution used for preservation
of COCS, whereas chances of oocyte loss increased with the
increase in vitrification medium as was the case with the
0.25-mL French mini straws used in the CS method. The
results for morphological survival confirm the findings of
Sharma and Purohit (10) for OPS vitrification; they recorded
an 85.6% morphological survival rate. However, the present
findings for CS vitrification are much lower than their
observations (88.8%), which may be because of the different
combinations and concentrations of cryoprotectants used.
The difference between the 2 methods seems to be due to the
difference in the microtubular structure leading to chilling
injury as well as the volume and the surface ratio influencing
the penetration of cryoprotectants. Very high cooling and
warming rates (theoretical rate of over 20,000 °C/min) and
short contact with concentrated cryoprotective additives

(less than 30 s at over —180 °C) suggest OPS as a possibility
for circumventing chilling injury and decreasing toxic and
osmotic damages (26).

The superiority of the OPS vitrification as compared to
CS vitrification is evident from the results of the present
study as the percentage of live oocytes was greater (P <
0.01) in OPS vitrification as compared to CS vitrification.
Similar results were recorded by Rao et al. (21); however,
El-Sokary et al. (27) recorded a survivability rate of 75.3%
using conventional straws, which is slightly higher than
the present findings. This difference may be because of
the difference in the combinations and concentrations of
cryoprotectants used. The higher rate of survivability in
the OPS method is again justified in terms of the small
volume of vitrification solution used, which achieves
faster cooling and warming rates than conventional
straws. Moreover, oocytes in vitrification solution (1-2
pL) in OPS are directly expelled in the warming solution
(within 2-4 s) and immediately diluted. That reduces
exposure to inappropriate temperatures and concentrated
cryoprotectants. In contrast, the conventional straw is
warmed in air and then cut with scissors. The oocytes
in vitrification medium (65-70 pL) are expelled into the
culture dishes and then placed into warming solution. It
takes more time to pass through the unsuitable conditions
(28). These effects may explain why vitrification of oocytes
using OPS preserves viability better than that using CS.

The postvitrification abnormalities observed in the
present study are in close correlation with the earlier

Table 2. Morphological damages caused by 2 vitrification techniques to caprine COCs.

Types of morphological damages

. . . No. of COCs No. of damaged
Vitrification technique recovered COCs Partial Complete Abnormal Cracked Split into
cumulus loss cumulus loss shape zona 2 halves
Conventional straw (CS) 83 34 6 12 5 9 2
vitrification (17.6)* (35.3)* (14.7)* (26.5)* (5.9)*
Open pulled straw (OPS) 94 13 5 3 2 2 1
vitrification (38.5)° (23.1)° (15.4)* (15.4)° (7.7)

Means with different superscripts within a column vary significantly (P < 0.05). Values in parentheses indicate percentages.
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Figure 2. Types of cryodamages inflicted on oocytes by vitrification: A) partial cumulus loss, B) complete
cumulus loss, C) abnormal shape, D) cracking of zona, and E) degenerated cytoplasm observed in oocytes

after vitrification.

studies of Yadav et al. (29) and Purohit et al. (30). The
major cryoinjuries were associated with CS vitrification
(Table 2), which may explain the low survivability of
COC:s vitrified by the CS method as compared to the OPS
method in the present study.

In conclusion, open pulled straw vitrification was
superior to the conventional straw vitrification in terms of
preventing cryoinjuries and increasing survivability of goat
COCs. The use of minimum vitrification solution in open
pulled straws achieved faster cooling and warming rates,
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which prevented major damage during the critical stages.
Moreover, OPS vitrification minimized the time delay
during warming, thus not exposing COCs to unsuitable
conditions.

Acknowledgment

The first author is thankful to the University Grants
Commission for providing financial assistance under the
Maulana Azad National Fellowship for minority students
during the study.



ALl etal./ Turk J Vet Anim Sci

References

1.

10.

11.

12.

13.

14.

15.

Gupta MK, Lee HT. Cryopreservation of oocytes and embryos
by vitrification. Korean ] Reprod Med 2010; 37: 267-291.

Sherman JK, Lin TP. Survival of unfertilized mouse eggs
during freezing and thawing. Proc Soc Exp Biol Med 1958; 98:
902-905.

Larman MG, Sheehan CB, Gardner DK. Calcium-free
vitrification reduces cryoprotectant-induced zona pellucida
hardening and increases fertilization rate in mouse oocytes.
Reproduction 2006; 131: 53-61.

Kohaya N, Fujiwra K, Ito ], Kashiwazaki N. Generation of live
offspring from vitrified mouse oocytes of C57BL/6] strain.
PLoS One 2013; 8: €58063.

Lee H, Elmoazzen H, Wright D, Biggers ], Rueda BR, Heo YS,
Toner M, Toth TL. Ultra-rapid vitrification of mouse oocytes
in low cryoprotectant concentrations. Reprod Biomed Online
20105 20: 201-208.

Morato R, Izquierdo D, Paramio MT, Mogas T. Cryotops versus
open-pulled straws (OPS) as carriers for the cryopreservation
of bovine oocytes: effects on spindle and chromosome
configuration and embryo development. Cryobiology 2008;
57:137-141.

Zhou XL, Al Naib A, Sun DW, Lonergan P. Bovine oocyte
vitrification using the Cryotop method: effect of cumulus
cells and vitrification protocol on survival and subsequent
development. Cryobiology 2010; 61: 66-72.

Dalvit G, Gutnisky C, Alvarez G, Cetica P. Vitrification of
bovine oocytes and embryos. Cryobiology 2012; 65: 341-342.

Dhali A, Manik RS, Das SK, Singla SK, Palta P. Vitrification
of buffalo (Bubalus bubalis) oocytes. Theriogenology 2000; 53:
1295-1303.

Sharma A, Purohit GN. Vitrification of immature bubaline
cumulus oocyte complexes by the open-pulled straw and
conventional straw methods and their subsequent in vitro
fertilization. Vet Med-Czech 2008; 53: 427-433.

Liang Y, Rakwongrit D, Somfai T, Nagai T. Parnpai R.
Cryopreservation of immature buffalo oocytes: effects of
cytochalasin B pretreatment on the efficiency of cryotop and
solid surface vitrification methods. Anim Sci J 2012; 83: 630-
638.

Ebrahimi B, Valojerdi MR, Eftekhari-Yazdi P, Baharvand H,
Farrokhi A. IVM and gene expression of sheep cumulus-—
oocyte complexes following different methods of vitrification.
Reprod Biomed Online 2010; 20: 26-34.

Bhat MH, Yaqoob SH, Khan FA, Waheed SM, Sharma V, Vajta
G, Ganai NA, Shah RA. Open pulled straw vitrification of in
vitro matured sheep oocytes using different cryoprotectants.
Small Ruminant Res 2013; 112: 136-140.

Huang WT, Holtz W. Effects of meiotic stages, cryoprotectants,
cooling and vitrification on the cryopreservation of porcine
oocytes. Asian-Aust ] Anim Sci 2002; 15: 485-493.

Galeati G, Spinaci M, Vallorani C, Bucci D, Porcu E, Tamanini
C. Pig oocyte vitrification by cryotop method: effects on
viability, spindle and chromosome configuration and in vitro
fertilization. Anim Reprod Sci 2011; 127: 43-49.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Kuwayama M, Vajta G, Kato O, Leibo SP. Highly efficient
vitrification method for cryopreservation of human oocytes.
Reprod Biomed Online 2005; 11: 300-308.

Kuwayama M. Highly efficient vitrification for cryopreservation
of human oocytes and embryos: the Cryotop method.
Theriogenology 2007; 67: 73-80.

Edgar DH, Gook DA. A critical appraisal of cryopreservation
(slow cooling versus vitrification) of human oocytes and
embryos. Hum Reprod Update 2012; 18: 536-554.

Garg N, Purohit GN. Effect of different cryoprotectant
concentrations for ultrarapid freezing of immature goat
follicular oocytes on their subsequent maturation and
fertilization in vitro. Anim Reprod 2007; 4: 113-118.

Nema S, Jain SK, Gehlaut BS, Sarkhel BE. Vitrification of
immature goat oocytes by solid surface vitrification technique.
Indian J Anim Sci 2007; 77: 556-558.

Rao BS, Mahesh YU, Charan KV, Suman K, Sekhar N, Shivaji
S. Effect of vitrification on meiotic maturation and expression
of genes in immature goat cumulus oocyte complexes.
Cryobiology 2012; 64: 176-184.

Wani NA, Wani GM, Khan MZ, Sidiqi MA. Effect of different
factors on the recovery rate of oocytes for in vitro maturation
and in vitro fertilization procedures in sheep. Small Ruminant
Res 1999; 34: 71-76.

Naik BR, Rao BS, Vagdevi R, Gnanprakash M, Amarnath D,
Rao VH. Conventional slow freezing, vitrification and open
pulled straw (OPS) vitrification of rabbit embryos. Anim
Reprod Sci 2005; 86: 329-338.

Rao BS, Mahesh YU, Suman K, Charan KV, Lakshmikantan
U, Gibence HRW, Shivaji S. Meiotic maturation of vitrified
immature chousingha (Tetracerus quadricornis) oocytes
recovered postmortem. Cryobiology 2011; 62: 47-52.

Gupta PSP, Nandi S, Ravindranatha BM, Sarma PV. Trypan
blue staining to differentiate live and dead buffalo oocytes
and its effect on embryo development in vitro. Buffalo Journal
2002; 18: 321-330.

Vajta G, Lewis IM, Kuwayama M, Greve T, Callesen H. Sterile
application of the open pulled straw (OPS) vitrification
method. Cryo-Lett 1998; 19: 389-392.

El-Sokary MMM, Kandiel MMM, Mahmoud KGM, Abouel-
Roos MEA, Sosa GAM. Evaluation of viability and nuclear
status in vitrified mature buffalo oocytes. Global Veterinaria
2013; 10: 297-302.

Chen S, Lien Y, Chen H, Chao K, Ho H, Yang Y. Open pulled
straws for vitrification of mature mouse oocytes preserve
patterns of meiotic spindles and chromosomes better than
conventional straws. Human Reprod 2000; 15: 2598-2603.

Yadav RC, Sharma A, Garg N, Purohit GN. Survival of vitrified
water buffalo cumulus oocyte complexes and their subsequent
development in vitro. Bulgarian J Vet Med 2008; 11: 55-64.

Purohit GN, Meena V, Solanki K. Morphological survival
and subsequent in vitro maturation of denuded and cumulus

compact bubaline oocytes cryopreserved by ultra rapid
cooling. ] Buffalo Sci 2012; 1: 78-83.

711


http://dx.doi.org/10.3181/00379727-98-24224
http://dx.doi.org/10.3181/00379727-98-24224
http://dx.doi.org/10.3181/00379727-98-24224
http://dx.doi.org/10.1530/rep.1.00878
http://dx.doi.org/10.1530/rep.1.00878
http://dx.doi.org/10.1530/rep.1.00878
http://dx.doi.org/10.1530/rep.1.00878
http://dx.doi.org/10.1371/journal.pone.0058063
http://dx.doi.org/10.1371/journal.pone.0058063
http://dx.doi.org/10.1371/journal.pone.0058063
http://dx.doi.org/10.1016/j.rbmo.2009.11.012
http://dx.doi.org/10.1016/j.rbmo.2009.11.012
http://dx.doi.org/10.1016/j.rbmo.2009.11.012
http://dx.doi.org/10.1016/j.rbmo.2009.11.012
http://dx.doi.org/10.1016/j.cryobiol.2008.07.003
http://dx.doi.org/10.1016/j.cryobiol.2008.07.003
http://dx.doi.org/10.1016/j.cryobiol.2008.07.003
http://dx.doi.org/10.1016/j.cryobiol.2008.07.003
http://dx.doi.org/10.1016/j.cryobiol.2008.07.003
http://dx.doi.org/10.1016/j.cryobiol.2010.05.002
http://dx.doi.org/10.1016/j.cryobiol.2010.05.002
http://dx.doi.org/10.1016/j.cryobiol.2010.05.002
http://dx.doi.org/10.1016/j.cryobiol.2010.05.002
http://dx.doi.org/10.1016/j.cryobiol.2012.07.012
http://dx.doi.org/10.1016/j.cryobiol.2012.07.012
http://dx.doi.org/10.1016/S0093-691X(00)00273-9
http://dx.doi.org/10.1016/S0093-691X(00)00273-9
http://dx.doi.org/10.1016/S0093-691X(00)00273-9
http://dx.doi.org/10.1111/j.1740-0929.2012.01013.x
http://dx.doi.org/10.1111/j.1740-0929.2012.01013.x
http://dx.doi.org/10.1111/j.1740-0929.2012.01013.x
http://dx.doi.org/10.1111/j.1740-0929.2012.01013.x
http://dx.doi.org/10.1111/j.1740-0929.2012.01013.x
http://dx.doi.org/10.1016/j.rbmo.2009.10.020
http://dx.doi.org/10.1016/j.rbmo.2009.10.020
http://dx.doi.org/10.1016/j.rbmo.2009.10.020
http://dx.doi.org/10.1016/j.rbmo.2009.10.020
http://dx.doi.org/10.1016/j.smallrumres.2012.12.017
http://dx.doi.org/10.1016/j.smallrumres.2012.12.017
http://dx.doi.org/10.1016/j.smallrumres.2012.12.017
http://dx.doi.org/10.1016/j.smallrumres.2012.12.017
http://dx.doi.org/10.1016/j.anireprosci.2011.07.010
http://dx.doi.org/10.1016/j.anireprosci.2011.07.010
http://dx.doi.org/10.1016/j.anireprosci.2011.07.010
http://dx.doi.org/10.1016/j.anireprosci.2011.07.010
http://dx.doi.org/10.1016/S1472-6483(10)60837-1
http://dx.doi.org/10.1016/S1472-6483(10)60837-1
http://dx.doi.org/10.1016/S1472-6483(10)60837-1
http://dx.doi.org/10.1016/j.theriogenology.2006.09.014
http://dx.doi.org/10.1016/j.theriogenology.2006.09.014
http://dx.doi.org/10.1016/j.theriogenology.2006.09.014
http://dx.doi.org/10.1093/humupd/dms016
http://dx.doi.org/10.1093/humupd/dms016
http://dx.doi.org/10.1093/humupd/dms016
http://dx.doi.org/10.1016/j.cryobiol.2012.01.005
http://dx.doi.org/10.1016/j.cryobiol.2012.01.005
http://dx.doi.org/10.1016/j.cryobiol.2012.01.005
http://dx.doi.org/10.1016/j.cryobiol.2012.01.005
http://dx.doi.org/10.1016/S0921-4488(99)00046-2
http://dx.doi.org/10.1016/S0921-4488(99)00046-2
http://dx.doi.org/10.1016/S0921-4488(99)00046-2
http://dx.doi.org/10.1016/S0921-4488(99)00046-2
http://dx.doi.org/10.1016/j.anireprosci.2004.07.008
http://dx.doi.org/10.1016/j.anireprosci.2004.07.008
http://dx.doi.org/10.1016/j.anireprosci.2004.07.008
http://dx.doi.org/10.1016/j.anireprosci.2004.07.008
http://dx.doi.org/10.1016/j.cryobiol.2010.12.002
http://dx.doi.org/10.1016/j.cryobiol.2010.12.002
http://dx.doi.org/10.1016/j.cryobiol.2010.12.002
http://dx.doi.org/10.1016/j.cryobiol.2010.12.002
http://dx.doi.org/10.1093/humrep/15.12.2598
http://dx.doi.org/10.1093/humrep/15.12.2598
http://dx.doi.org/10.1093/humrep/15.12.2598
http://dx.doi.org/10.1093/humrep/15.12.2598

