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The present study was conducted to examine post-thaw in
vitro developmental competence of buffalo embryos
cryopreserved by cytoskeletal stabilization and vitrification.
In vitro produced embryos were incubated with a medium
containing cytochalasin-b (cyto-b) in a CO; incubator for 40
min for microfilament stabilization and were cryopreserved
by a two-step vitrification method at 24°C in the presence of
cyto-b. Initially, the embryos were exposed to 10 % ethylene
glycol (EG) and 10% dimethylsulfoxide (DMSO) in a base
medium for 4 min. After the initial exposure, the embryos
were transferred to a 7 ul drop of 25% EG and 25% DMSO
in base medium and 0.3 M sucrose for 45 sec. After warming,
the embryos were cultured in vitro for 72 h. The post-thaw in
vitro developmental competence of the cyto-b-treated embryos
did not differ significantly from those vitrified without cyto-b
treatment. The hatching rates of morulae vitrified without
cyto-b treatment was significantly lower than the non-
vitrified control. However, the hatching rate of cyto-b-
treated vitrified morulae did not differ significantly from the
non-vitrified control. This study demonstrates that freezing
of buffalo embryos by cytoskeletal stabilization and
vitrification is a reliable method for long-term preservation.
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Introduction

The major obstacle to the large-scale commercial application
of'in vitro produced (IVP) embryos, particularly in buffalos,
is the lack of a suitable cryopreservation method. Approaches
like slow freezing, fast cooling, slow or fast warming and
vitrification have been employed to cryopreserve the
embryos of domestic animals. Vitrification is a physical
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process in which a solution is transformed into a stable
amorphous glass by rapid cooling, bypassing ice crystal
formation while maintaining the properties of the liquid in
a solidified form [16]. The glass is devoid of ice crystals
and embryos are not subjected to cellular damage associated
with ice crystal formation [17]. The in vitro and in vivo
survival rates of vitrified embryos are reasonable in cattle
[2,9,15] and buffaloes [8,10,11].

Cryopreservation can be extremely disruptive to the
cellular organization of embryos [5]. To minimize cytoskeletal
disruption of the embryos during and after cryopreservation,
cytoskeletal stabilizers are added to the vitrification solution.
Information on cryopreservation of IVP buffalo embryos
by vitrification is scarce. The present study was carried out
to examine the post-thaw in vitro developmental competence
of buffalo embryos cryopreserved by cytoskeletal stabilization
and vitrification.

Materials and Methods

Media and chemicals were obtained from Sigma-Aldrich
(USA) unless otherwise indicated. Filters having a 0.22
um pore size were from Millipore (USA). Large, square
and circular 35 mm-diameter disposable Falcon plastic
dishes, and plastic tubes were purchased from Becton
Dickinson Labware (USA). Steer serum (SS) was collected
from the institute herd by clotting the blood from a long-
term castrated bullock, which was then heat inactivated at
56°C for 30 min, sterilized by filtration and stored in 2 ml
aliquots at -20°C until use. The same pool of serum was
used throughout the study.

In vitro embryo production

Ovaries were collected from mature, non-pregnant buffaloes
(Bubalus bubalis) from the Corporation slaughterhouse,
Bangalore, and brought to the laboratory in normal saline
(32-33°C) supplemented with gentamicin (50 pg/ml) within
2 h after slaughter. Ovaries were washed three times in
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normal saline in the laboratory and extra-ovarian tissues
were removed. The oocytes were aspirated from the visible
surface antral follicles using a 20 gauge hypodermic needle
attached to a 5 ml syringe containing 0.5-1.0 ml of aspiration
medium consisting of TCM 199 supplemented with 5% SS.

Oocytes were identified and their morphology evaluated
using a stereo zoom microscope; oocytes having a compact
cumulus investment were retained for use. The oocytes
were washed once with an aspiration medium and twice in
a culture medium consisting of TCM 199, 10% SS, 50 uM
of cysteamine and 0.02 U of porcine follicle stimulating
hormone/ml. Oocytes in groups of 5-10 were transferred to
50 pl droplets of culture medium. The oocyte-containing
droplets were covered with warm (38.5°C) mineral oil and
in vitro maturation of the oocytes proceeded during
incubation at 38.5°C and 90-95% relative humidity in an
atmosphere of 5% CO, for 24 h. The in vitro fertilization
(day 0) of oocytes and culture of embryos was performed
as previously described [11]. Good quality compact
morulae on day 6 and blastocysts on day 7 were selected for
vitrification.

Microfilament stabilization and vitrification
Embryos were incubated in a CO; incubator for 45 min in
an embryo culture medium consisting of TCM 199 and 10%
SS supplemented with 7.5 pg/ml cytochalasin-b (cyto-b)
for microfilament stabilization. These embryos were
vitrified following a two-step addition of cryoprotectant in
the presence of cyto-b. Initially, the embryos were exposed
to 10% ethylene glycol (EG) and 10% dimethylsulfoxide
(DMSO) in base medium for 4 min. After the initial
exposure, the embryos were transferred to a 7 pl drop of
25% EG and 25% DMSO in base medium and 0.3 M
sucrose for 45 sec. During the second exposure step, the
embryos were loaded into the middle part of 0.25 ml straws
(IMV; 3-4 embryos per straw) in a small volume of
vitrification solution. The rest of the straw was filled with
a dilution medium consisting of 0.5 M sucrose in base
medium that was separated by air bubbles from the column
of vitrification solution containing the embryos. The straw

was then heat-sealed and, 45 sec later, was plunged
vertically, sealed end first, into liquid nitrogen to cover the
embryos. The rest of the straw was then slowly immersed
into the liquid nitrogen within 30 sec. In the vitrified control
group, the embryos were vitrified without the inclusion of
microfilament stabilization and cyto-b in the vitrification
medium. After 1 week of cryopreservation, the straws were
warmed in air (24°C) for 10 sec and then in water bath
horizontally at 20°C until the ice disappeared. The straw
was held at the sealed end and shaken to mix the columns.
The embryos were expelled into a 30-mm diameter Petri
dish and maintained at 24°C for 5 min. To remove cyto-b,
the embryos were washed three times in 200 pl drops of
embryo culture medium. The embryos were cultured for
further development in the embryo culture medium on a
7-day-old monolayer of oviductal epithelial cells in a CO»
incubator. Re-expansion and hatching rates for morulae
and blastocysts were evaluated at 72 h post-thaw in vitro
culture. For the non-vitrified control, non-vitrified morulaec
and blastocysts from the same batch as vitrified samples
were cultured on a monolayer of oviductal epithelial cells
in a CO; incubator for 72 h after being held at 24°C during
the entire vitrification procedure.

Statistical analyses

The percentage values were subjected to arcsine
transformation before being statistically analyzed. The data
on post-thaw in vitro development of morulae and blastocysts
were analyzed by one way ANOVA to verify differences
between the groups followed by the Bonneforni multiple
comparison test between group means by using statistical
software (GraphPad Prism; GraphPad, USA). Significance
of differences between the mean values was determined at
p < 0.05. Results are expressed as mean = SE.

Results

The expansion and hatching rate of cyto-b-treated vitrified
morulae did not differ significantly from non-vitrified
controls on post-thaw in vitro culture (Table 1). However,

Table 1. Post-thaw in vitro development of buffalo embryos after cryopreservation by vitrification under the influence of microfilament

stabilizer cyto-b

Morulae Blastocysts
Vitrification medium composition
n Expansion (%)  Hatching (%) n Expansion (%) Hatching (%)
25% EG + 25% DMSO (vitrified control) 65 454+6.5° 19.3+3.3° 72 66.4+6.7" 413+5.7
25% EG + 25% DMSO + cyto-b 69 53.8£5.4" 304+2.6% 76 752+ 4.0° 553+3.7°
Non-vitrified control 58 74.5+6.6" 46.5+8.0° 60 78.1 £2.7° 54.8 +3.4"

Means within the same column with different superscript differ significantly (p < 0.05). EG: ethylene glycol. G: glycerol. DMSO:

dimethylsulfoxide. cyto-b: cytochalasin-b.



the expansion and hatching rate of morulae vitrified without
cyto-b treatment was significantly lower than the non-
vitrified control. The development of blastocysts vitrified
with or without cyto-b treatment to expansion and hatching
stages did not differ significantly from non-vitrified control.
However, hatching rates of cyto-b-treated morulae and
blastocysts were not significantly higher than those vitrified
without cyto-b treatment.

Discussion

The present study examined the post-thaw in vitro
developmental competence of buffalo embryos cryopreserved
by cytoskeletal stabilization and vitrification. Post-thaw in
vitro developmental competence of the embryos vitrified
after cytoskeletal stabilization in the presence of cyto-b did
not differ significantly than those vitrified without
microfilament stabilization and cyto-b in the vitrification
medium. Embryo survival depends on the cryoprotectant
used, species involved, and stage of development, as well as
the culture systems used for [IVP embryos. Cryoprotectant
mixtures like EG and DMSO may have some advantages
over solutions containing only one penetrating cryoprotectant
[3,14,20]. The ability of embryos to hatch after 48 h post-
thaw in vitro culture is improved when two (EG, DMSO)
or three (EG, DMSO and 1,3-butanediol) permeating
cryoprotectants are included in the vitrification media
rather than a single permeating cryoprotectant like EG
[15]. The use of two permeable cryoprotectants rather than
a single cryoprotectant such as EG enables the use of lower
concentrations of each cryoprotectant, thereby reducing
cryoprotectant toxicity. The composition of a vitrification
solution (permeating cryoprotectants and non-permeating
macromolecules or saccharides) is among the factors
influencing cryosurvival of embryos. The incorporation of
DMSO into an EG-containing medium has at least two
advantages. Firstly, vitrification is facilitated because of
the greater glass-forming characteristics of DMSO [1].
Secondly, permeability of each cryoprotectant is enhanced
in the presence of the other [21]. In buffaloes, the morulae
and blastocyts vitrified by a 4 min exposure to 25% EG and
25% DMSO display a better hatching rate than other
combinations of vitrification medium composition and
exposure time [10].

Cytoskeletal stabilizers such as the cytochalasins have been
used extensively in reproductive biotechnology for studies
dealing with micromanipulation of embryonic development
[12,18]. It is generally accepted that cytochalasin is a
microfilament inhibitor capable of disrupting actin
polymerization by blocking monomer addition at the fast-
growing end of the polymers [19], thus preventing cytokinesis
without affecting karyokinesis [4,13]. Treatment of cells
with cytochalasins makes the plasma membrane less rigid
and more elastic so that microfilaments are disrupted during
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micromanipulation [12]. In the present study, the post thaw
in vitro developmental competence of cyto-b-treated embryos
was not affected.

Cryoprotectants-the organic solutes that help to protect
cellular organelles during cryopreservation-can also damage
the cytoskeletal system, as they can be toxic and cause
disruptive osmotic damage to the cell. Although many
cryoprotectants  depolymerize microfilaments and
microtubules prior to cryopreservation, they might cause
irreparable damage to cytoskeletal components. An intact
cytoskeleton is essential for cytokinesis and karyokinesis;
irreversibly disruption of the cytoskeleton will abrogate the
mitotic cell cycle, could compromise junctional complexes
and affects solute transport systems. Maintaining the
integrity of the cytoarchitecture within an embryo during
cryopreservation is, thus, of utmost importance. In porcines,
cyto-b-treated embryos display better development than
those vitrified without cyto-b treatment [6]. Similarly, in
the present study the hatching rates of cyto-b-treated
morulae and blastocysts were not significantly higher than
those vitrified without cyto-b treatment.

In conclusion, the present study demonstrates that
cryopreservation of buffalo embryos by cytoskeletal
stabilization and vitrification is a reliable method for long-
term preservation. [VP buffalo embryos cryopreserved by
cytoskeletal-stabilization and vitrification achieved a
maximum hatching rate of 30% and 55% on post-thaw in
vitro culture of morulae and blastocysts.
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