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Vitrification of In Vitro Produced Porcine Blastocysts:  
Influence of Cryoprotectants Toxicity and Embryo Age

Lain Uriel Ohlweiler, Joana Claudia Mezzalira & Alceu Mezzalira

ABSTRACT

Background: Porcine embryos are sensible to all assisted reproduction manipulations, especially the ones that involve 
cryopreservation. Despite the high cryoprotectant concentrations routinely applied, vitrification is the most effective tech-
nique to date. These substances toxicity can also play a negative role in embryo viability. During in vitro porcine embryo 
production, the speed of development is often unevenly distributed. It is possible that their development speed, affects 
embryo tolerance to cryoprotectants. This study aimed to evaluate the toxicity of porcine embryos of days 5 or 6 of culture 
to cryoprotectant agents; as well as to assess embryo survival to vitrification.
Materials, Methods & Results: Parthenogenetic porcine blastocysts and expanded blastocysts of days 5 and 6 of culture 
were exposed to toxicity tests (experiments 1 and 2) and vitrification (experiment 3) using different protocols. In the first 
experiment, three different cryoprotectants were used (Dimethyl sulfoxide - DMSO, Ethylene glycol - EG, and Sucrose 
- SUC), combined in three different associations (G1: 15% EG + 15% DMSO with 0.5 M SUC; G2: 16% EG + 16% 
DMSO with 0.4 M SUC; G3: 18% EG + 18% DMSO with 0.5 M SUC). In the fresh Control, embryos of day 6 are more 
sensible than the ones of day 5, whom showed a lower hatching rate (39.7 vs. 60.8%). After the toxicity (Experiment 1) 
test, the G1 showed better expansion rates in day 6 (50.0 vs 31.0 and 3.6% for G2 and G3) and higher hatching of day 6 
compared to G2 and G3 (23.2, vs. 8.6 and 0.0% for G2 and G3). The fresh non hatched embryos at day 8, derived at day 
6, had a lower percentage of cells with cleaved caspase-3 (20.2%) compared with the G1 (30.5%), G2 (31.4%) and G3 
(30.5%). The hatched embryos of day 5 from G2 had lower total cell number (TCN) compared with the day 6 hatched 
embryos, whereas in G1 the TCN was not affected. The second experiment compared EG combined to one of these three 
extracellular cryoprotectants: Polyvinylpyrrolidone/sucrose/trehalose (respectively groups: PVP, SUC, TRE). The group 
SUC has raised the best results for day 5 embryos, whereas for day 6 embryos SUC and TRE were both best. The third 
experiment tested four vitrification protocols, being P1: EG+DMSO+TRE/warming with SUC; P2: EG+DMSO+TRE/
warming TRE; P3: EG+TRE/ warming SUC; P4: EG+TRE/warming TRE. The expansion of vitrified day 5 embryos was 
higher in the P1 (20.0%) in comparison with the other three groups (4.3, 4.3 and 4.4% for P2, P3 and P4, respectively), 
with no difference for their hatching rates, been it lower comparing to the Control. Day 6 embryos showed no difference 
in expansion and hatching for the vitrified groups, been them lower than the Control.
Discussion: Embryos obtained on day 6 are more sensible than the ones of day 5, fact observed when the embryos were 
exposed to cryoprotectant solution, as well by the behavior of the no treated Control embryos. The toxicity increases as it 
does the concentration of intracellular cryoprotectant, where over 16% of the intracellular cryoprotectors already affected 
the day 6 embryos development. For the day 5 embryos however, 15 or 16% of the intracellular cryoptrotectors, had similar 
behavior to the embryos. For the extracellular solutions, however, it is variable according the embryos development speed. 
Indeed, it is necessary to adjust the cryoprotectors to be used to cryopreserve porcine in vitro produced embryos obtained 
at days 5 and 6 of culture.
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INTRODUCTION

Porcine embryos, especially the in vitro pro-
duced, are very sensible to the reproductive assisted 
manipulations. This impairs their viability, as it hinders 
the application of some reproductive tools, especially 
embryo cryopreservation, one of the only ways, up to 
date, for genetic storing.

Cryopreservation aids to preserve genetic 
material, as well as to disseminate it among different 
countries. Porcine embryos has already been success-
fully cryopreserved by vitrification [3,5,6,9,10,13]. 
The high cryoprotectant concentrations are responsible 
for providing cell protection, but its concentration 
and exposure time are critical points for survival. For 
instance, most protocols proposed for porcine embryo 
vitrification, when standardised using in vivo produced 
embryos, do not yield the same efficiency for the ones 
in vitro.

As it happens in vivo, during the in vitro de-
velopment of porcine embryos, within the same batch, 
their growth can happen under different speeds. The 
embryos with best ability usually show faster develop-
ment; therefore, embryo cryotolerance can be affected 
by their growing speed. We have hypothesized that fast-
est developing embryos would have better competence 
and higher cryotolerance.

This study aimed to assess the effect of differ-
ent cryoprotectants combined in different vitrification 
protocols, in the toxicity and survival, for blastocysts 
of days 5 or 6 of culture.

MATERIALS AND METHODS

All chemicals were purchased from Sigma-
Aldrich1, unless otherwise noted.

Experimental design

Three experiments were conducted in order to 
access the cryoprotectants toxicity and embryos cryotol-
erance of days 5 and 6 parthenotes porcine embryos. In 
the first experiment, three different cryoprotectants were 
used (Dimethyl sulfoxide - DMSO, Ethylene glycol - EG, 
and Sucrose - SUC), combined in three different associa-
tions: G1: equilibration solution of 7.5% EG + 7.5% EG 
for 5-15 min, and vitrification solution with 15% EG + 
15% DMSO + 0.5 M SUC, warming was with 1 M SUC 
for 1 min followed by 0.5 M SUC for 3 min; G2: equili-
bration solution of 7.5% EG + 7.5% EG for 3 min, and 
vitrification solution with 16% EG + 16% DMSO with 

0.4 M SUC for 1 min, warming was with 0.13 M SUC 
for 5 min; G3: equilibration solution of 10% EG + 10% 
EG for 3 min and vitrification solution of 18% EG + 18% 
DMSO with 0.5 M SUC for 1 min, warming was with 
1 M SUC for 1 min followed by 0.5 M SUC for 3 min.

The second experiment compared EG com-
bined to one of these three extracellular cryoprotec-
tants: Polyvinylpyrrolidone/sucrose/trehalose (respec-
tively groups: PVP, SUC, TRE). The equilibration 
solution was with 2 M EG for 5 min, and vitrification 
solution with 8 M EG associated with: 7% PVP-10 
(group PVP), 0.4 M SUC (group SUC), or 0.6 M TRE 
(group TRE) in incubation for 1 min. Warming of all 
the groups were done with 0.13 M SUC for 5 min.

The third experiment evaluated four vitrifica-
tion protocols for embryos of day 5: Prot 1- Equilibra-
tion solution with 7.5% EG + 7.5% DMSO incubated 
for 5-15 min, vitrification solution with 15% EG + 15% 
DMSO + 0.5 M SUC incubated for 1 min, warmed with 
0.13 M SUC for 5 min; Prot 2- Equilibration solution 
with 7.5% EG + 7.5% DMSO incubated for 5-15 min, 
vitrification solution with 15% EG + 15% DMSO + 
0.5 M SUC incubated for 1 min, warmed with 0.13 M 
TRE for 5 min; Prot 3- Equilibration solution with 2 
M EG 5 min, vitrification solution with 8 M EG + 0.5 
M SUC for 1 min, warmed with 0.13 M SUC for 5 
min; Prot 4- Equilibration solution with 2 M EG 5 min, 
vitrification solution with 8 M EG + 0.5 M SUC for 
1 min, warmed with 0.13 M TRE for 5 min; and four 
protocols for embryos of day 6: Prot 1- Equilibration 
solution with 7.5% EG + 7.5% DMSO for 5-15 min, 
vitrification solution with 15% EG + 15% DMSO + 0.6 
M TRE for 1 min, warmed with 0.13 M SAC for 5 min; 
Prot 2- Equilibration solution with 7.5% EG + 7.5% 
DMSO for 5-15 min, vitrification solution with 15% 
EG + 15% DMSO + 0.6 M TRE for 1 min, warmed 
with 0.13 M TREA for 5 min; Prot 3- Equilibration 
solution with 2 M EG for 5 min, vitrification solution 
with 8 M EG + 0.6 M TRE for 1 min, warmed with 
0.13 M SUC for 5 min; Prot 4- Equilibration solution 
with 2 M EG for 5 min, vitrification solution with 8 
M EG + 0.6 M TRE for 1 min, warmed with 0.13 M 
TREA for 5 min.

For the three experiments, a group of fresh 
embryos was kept as Control.

Oocytes collection and in vitro maturation (IVM)

Gilt ovaries were transported from the abattoir 
to the laboratory where follicles measuring 3-6 Mm 
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in diameter were aspirated with the aid of a vacuum 
pump connected to an 18G needle.

After morphological classification (under 
stereomicroscope in centrifuged follicular fluid), the 
cumulus oophorous complexes (COCs) considered of 
good or excellent quality grade were selected (com-
pletely surrounded by a compact layer of cumulus cells, 
with none or very discrete cytoplasmic granulation), 
according to previously described [2].

Selected COCs were submitted to in vitro 
maturation (IVM) into 4-well dishes2 containing 
400 µL of maturation medium, in groups of 40-50 
COCs per well. During the first 22 h of IVM, the 
medium consisted in: TCM-199 + 25% (v/v) of 
porcine follicular fluid (PFF) + 0.1 mg/mL cysteine 
+ 10 ng/mL epidermal growth factor3 + 0.91 mM of 
sodium pyruvate + 3.05 mM D-glucose + 0.5 mg/mL 
of luteinizing hormone (LH - Lutropin)4 + 0.01 UI/
mL follicle stimulating hormone (FSH - Folltropin)4 
+ 1 mM of dibutiryl-cyclic-AMP (dbcAMP) + 100 
IU/mL of penicilin G + 0.1 mg/mL of streptomycin 
sulphate. An additional 20-24 h IVM period had the 
medium depleted of LH, FSH and the dbcAMP. All 
incubations were performed at 38.5°C, in a 5% CO

2
 

atmosphere in air, and saturated humidity.  

Parthenogenetic activation and in vitro culture (IVC)

The IVM oocytes were pipetted in manipula-
tion medium (TCM-Hepes + 10% fetal calf serum 
- FCS) in order to remove their cumulus cells. Activa-
tion was through exposure to 15 µM of ionomycin (in 
TCM-Hepes) for 5 min, followed by a 4 h incubation 
in 2 mM of 6-dimethylaminopurine in PZM-3 me-
dium [15]. Activated oocytes were transferred to the 
in vitro culture (IVC) steps, and the onset of IVC was 
considered as day 0.

The presumptive zygotes were cultured in me-
dium PZM-3 under the same conditions as described 
for the IVM. On day 4, the medium was supplemented 
by adding 10% of FCS. Development to blastocyst 
was assessed on days 5, 6, 7 and 8 of IVC, according 
to the experiment.

Embryo toxicity to cryoprotectants

We tested different combinations of either 
intracellular (EG and DMSO), and extracellular 
cryoprotectants (SUC, TRE and PVP) dissolved in 
manipulation medium. Only blastocysts and expanded 
blastocysts obtained at days 5 and 6 of culture were 

used, being all of quality grade excellent (homoge-
neous cytoplasm without vacuoles or fragmentation) 
or good (homogeneous cytoplasm, with few vacuoles 
or fragmentation). The cryoprotectant concentrations 
and exposure times has been described previously in 
literature. This step of toxicity test was performed by 
exposing the embryos to equilibrium and vitrification 
solutions, followed by exposure to warming solutions, 
without plunging the embryos into the liquid nitrogen. 
Evaluations were performed up to day 8.  

Vitrification of blastocysts

Only good or excellent blastocysts and ex-
panded blastocysts of days 5 and 6 were vitrified, in 
groups of 3-5. Embryos were exposed to an equilibrium 
solution (with intra-cellular cryoprotectant), and then 
placed into the vitrification solution (with intra- and 
extracellular cryoprotectants). Embryos were loaded 
into an open glass pulled micropipette, by capillarity, 
and plunged into LN2, according to each treatment, as 
described in the experimental design.

For the warming steps, the micropipette tips 
with the embryos were quickly immersed into warm-
ing solution, being rinsed in manipulation medium 
for additional 10 min, and maintained in the IVC for 
further assessments.

Viability of blastocysts after toxicity tests and vitrification

Viability criteria were expansion (after 24 h) 
and hatching rates (assessed every 24 h until day 8). 
At day 8, all hatched and live non-hatched blastocysts 
were fixed in PBS + 4% formalin + 3% BSA, for as-
sessment of the total cell number (TCN) and expression 
of apoptosis (by the expression of cleaved caspase-3 
(CC3).

Expression of cleaved caspase-3 (CC3) and blastocysts 
total cell number (TCN)  

The expression of CC3 indicates the pro-
grammed cell death. To assess that, embryos were 
fixed in 4% formalin + 3% BSA in PBS, for at least 
20 min, and incubated in PBS + 3% BSA and 0.5% 
Triton X-100 (permeabilization solution) at 37°C, 
for 1h. After a 2x rinse in PBS + 0.2% tween-20 + 
3% BSA (blocking solution), embryos were over-
night exposed to the primary antibody anti-cleaved 
caspase-3 (1:400) in rabbit, and diluted in blocking 
solution. Embryos were then washed 3x (20 min each) 
in blocking solution, incubated (for 2 h) at 37°C, in 
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secondary antibody goat anti-rabbit Alexa Fluor 488 
(1:400). Then, after one rinse (for 20 min) in blocking 
solution, and another (20 min) rinse in DAPI (1:1000) 
in blocking solution, embryos were mounted between 
slide and coverslip in a droplet of mowiol, to be ob-
served under an inverted epi-fluorescent microscope 
(Olympus IX51)5.

The incidence of apoptosis in each embryo was 
estimated by the difference between the cells express-
ing CC3 (stained by Alexa Fluor 488) and the total cell 
count (stained by DAPI).

Statistical analysis

Data were analyzed using the JMP (software 
version 5, 2002)6. The proportion of positive cells 
for CC3 and the percentages of blastocysts expan-
sion and hatching were analysed by Chi-square. 
The TCN values were submitted to ANOVA, be-
ing normalized, when necessary, by the arc sin of 
the square root of the data to be compared by the 
Tukey test. To all the experiments, the significance 
level was 5%.

RESULTS

Experiment 1: Toxicity test for EG, DMSO and SUC in 
blastocysts of days 5 or 6 of culture

The Control of day 5 showed higher (P ≤ 
0.05) expansion (100.0%) and hatching (60.8%) rates, 
compared to the treated groups. The groups G1 and G2 
showed similar expansion rates (respectively 50.0 and 
52.8%) between them, both higher than G3 (35.6%). 
The hatching rates for treated day 5 embryos were 
similar amongst all treated embryos, respectively 15.3, 
9.7 and 5.5% for G1, G2 and G3 (Table 1).

For day 6 embryos, the expansion rate for the 
Control (84.5%) was higher than all treated groups, as 
follows: G1 (50.0%) higher than G2 (31.0%) and G3 
(3.6%), and G2 higher than G3. The hatching rate for 
the Control (39.7%) was similar to G1 (23.2%), being 
them both higher than G2 (8.6%). The group G3 has 
the lowest hatching rate (P ≤ 0.05) [0.0%].

Expansion rates of day 6 Control embryos was 
(84.5%) lower (P < 0.05) than for day 5 embryos (100.0%) 
[Table 1]. When G2 and G3 were compared between days 
5 and 6, the expansion rates were higher for day 5.

The amount of total cells in day 5 embryos was 
higher for G1 (94.0 ± 17.0) than for G3 (45.8 ± 12.6), 
without significant differences amongst other groups 
(Table 2). Conversely, for day 6 embryos, the Control 
and G1 TCN were similar between them and higher 
than G2 (respectively 75.0 ± 3.6; 65.0 ± 4.2; and 33.0 
± 6.2). The live non-hatched embryos of days 5 and 6 
had similar TCN at day 8, despite the treatment.

For all treatments of both days 5 and 6, there 
was a higher proportion of CC3 in the non-hatched, 
in comparison to the hatched blastocysts (Table 2). 
Within the non-hatched, the higher incidence of 
CC3 was at day 6; whereas within the hatched, no 
differences were observed in the incidence of CC3, 
despite the treatment (including controls) for either 
day 5 and 6 (Table 2).

Table 1. Viability of parthenote porcine embryos exposed or not to toxicity tests using EG, DMSO and SUC for blastocysts of days 5 and 6 of culture.

Group

Embryos of day 5 of culture   Embryos of day 6 of culture

Blastocysts Expanded Hatched Blastocysts Expanded Hatched

n n (%) n (%)   n n (%) n (%)

Control 74 74 (100.0)aA 45 (60.8)aX 58 49 (84.5)aB 23 (39.7)aY

G1 72 36 (50.0)bc 11 (15.3)b 56 28 (50.0)b 13 (23.2)a

G2 72 38 (52.8)bA 7 (9.7)b 58 18 (31.0)cB 5 (8.6)b

G3 73 26 (35.6)cA 4 (5.5)b   56 2 (3.6)dB 0 (0.0)c

G1: Vitrification solution with 15% EG + 15% DMSO + 0.5 M SUC, warmed with 1 M SUC for 1 min followed by 3 min in 0.5 M SUC. G2: Vit-
rification solution with 16% EG + 16% DMSO + 0.4 M SUC, warmed with 0.13 M SUC for 5 min. G3: Vitrification solution with 18% EG +18% 
DMSO + 0.5 M SUC, warmed with 1 M SUC for 1 min followed by 3 min in 0.5 M SUC. a,bDistinct letters in the same column shown difference 
(P < 0.05). A,BDistinct letters in the same row shown difference in expanded blastocysts rates (P < 0.05). X,YDistinct letters in the same row shown 
difference in hatched blastocysts rates  (P < 0.05).
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Experiment 2: The effect of extracellular cryoprotectants: 
PVP, SUC and TRE

Under our conditions, PVP and SUC (68.7 vs 
65.9%) for day 5 embryos provided the best expansion rates 
in comparison to TRE (43.8%), and all lower than the Con-
trol (89.9%). The hatching rates were similar between SUC 
(28.0%) and PVP (15.7%), but higher than TRE (12.5%), 
whilst PVP and TRE were similar between them (Table 3).

For day 6, TRE (58.5%) kept an expansion rate 
similar to the Control (73.2%). By the other hand, the 
group SAC (42.6%) was similar to TRE and to PVP 
(39.3%), been PVP lower than TRE and Control. For day 
6 embryos, hatching was similar among Control (12.5%), 
SUC (5.6%) and TRE (5.5%), being PVP (1.8%) similar 
to SUC and TRE but lower than the Control (Table 3).

Experiment 3: Post-warming survival of porcine embryos, 
vitrified using different combinations of intra- and extra-
cellular cryoprotectant agents

For day 5 embryos, the Fresh Controls 
showed the highest expansion and hatching rates. 
Amongst only the vitrified protocols, the expan-
sion rate (20.0%) of protoco1 (P1) was higher than 
all the other vitrified counterparts: P2, P3 and P4 
(respectively 4.3%, 4.3% e 4.4%). For the vitrified 
ones, the hatching rates were similar amongst them 
all (Table 4).

For day 6 embryos, the expansion and hatching 
rates after vitrification had no significant difference, 
although all they were significantly lower than the 
Fresh Control (Table 5).

Table 2. Total cell number (TCN) and percentage of cells expressing cleaved caspase-3 (CC3) at day 8 in blastocysts and expanded blastocysts 
after been exposed tor not to toxicity test at days 5 or 6 of culture.

Group Toxicity test
Not hatched embryos Hatched embryos

TCN ± SE CC3 % TCN ± SE CC3 %

Control

D5

43.3 ± 8.1 21.5X 75.3 ± 7.1ab 7.4Y

G1 34.0 ± 9.8 22.5X 94.0 ± 17.0a 7.7Y

G2 49.5 ± 12.2 21.0 X* 67.7 ± 12.2ab* 10.3Y

G3 36.0 ± 25.3 24.0 X 45.8 ± 12.6b 9.7Y

Control

D6

39.6 ± 8.4 20.2Xy 75.0 ± 3.6x 8.1Y

G1 35.0 ± 10.8 30.5Xx 65.0 ± 4.2x 10.1Y

G2 39.8 ± 9.4 31.4Xx* 33.0 ± 6.2y* 6.1Y

G3 34.8 ± 9.8 30.5x 0.0 0.0
G1: Vitrification solution with 15% EG + 15% DMSO + 0.5 M SUC, warmed with 1 M SUC for 1 min followed by 3 min in 0.5 M SUC. G2: 
Vitrification solution with 16% EG + 16% DMSO + 0.4 M SUC, warmed with 0.13 M SUC for 5 min. G3: Vitrification solution with 18% EG 
+18% DMSO + 0.5 M SUC, warmed with 1 M SUC for 1 min followed by 3 min in 0.5 M SUC. X,YDistinct letters in the same row shown differ-
ence for CC3 (P < 0.05). a,bDistinct letters in the same column shown difference for the TCN for embryos of day 5 (P < 0.05). x,yDistinct letters in 
the same column shown difference for the TCN for embryos of day 6 (P < 0.05). *In the same column show difference between embryos of day 
5 and 6 for the same group (P < 0.05).

Table 3. Porcine parthenotes embryos of days 5 and 6 exposed or not to toxicity test to the extracellular cryoprotectors PVP, SUC and TRE.

Group

D5 D6

Blastocysts Expanded Hatched Blastocysts Expanded Hatched

n n (%) n (%) n (%) n (%) n (%)

Control 79 71 (89.9)aA 41 (51.9)aX 56 41 (73.2)aB 7 (12.5)aZ

PVP 83 57 (68.7)bA 13 (15.7)bcX 56 22 (39.3)cB 1 (1.8)bZ

SAC 82 54 (65.9)bA 23 (28.0)bX 54 23 (42.6)bcB 3 (5.6)abZ

TRE 80 35 (43.8)c 10 (12.5)c 58 34 (58.6)ab 3 (5.2)ab

a,b,cDistinct letters in the same column shown difference (P ≤ 0.05). A,BDistinct letters in the same row shown difference for the expansion rates (P 
≤ 0.05). X,ZDistinct letters in the same row shown difference for the hatching rates (P ≤ 0.05).
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DISCUSSION

In order to provide an adequate cell cryopro-
tection, the concentration of cryprotectant agents shall 
be the most effective but safe, to avoid any toxic ef-
fect to the cells. In the porcine embryos it was found 
that 15% of intracellular cryoprotectant might not be 
enough to protect the cells [4]. Nevertheless, under our 
conditions, this concentration provided (for the toxic-
ity tests) the highest expansion and hatching rates for 
the most sensible (day 6) embryos, and 16% already 
damaged the embryos. One possible explanation for 
the best results might be the higher concentration of 
SUC (0.5 M) in comparison to what they (0.4 M) used; 
even though it is a slight difference, the potential to 
dehydrate the cells can be importantly affected. These 
results confront what the same authors found when 

the association of 17% of intracellular cryoprotectants 
impaired the cell proliferation capacity of in vivo 
produced embryos; this treatment is equivalent to our 
experimental group G3, which consisted of 18% of 
each intracellular cryoprotectant.

The expression of CC3 is a reliable indicator 
of programmed cell death. According to results of 
the toxicity tests combining EG, DMSO and SUC, 
the embryos showing ability to hatch also presented 
similar cell viability, since they had similar patterns 
of CC3 expression. In spite of the highest sensibil-
ity of day 6 blastocysts and expanded blastocysts, it 
was possible to observe a higher incidence of CC3 
expression in the embryos exposed to cryoprotec-
tants, in comparison to their Controls, when all non-
hatched (but morphologically alive) counterparts 

Table 4. Day five porcine parthenotes embryos viability after vitrification in four different protocols.

Group

D5

Blastocysts Expanded Hatched

n n (%) n (%)

Control 46 44 (95.7)a 19 (41.3)a

Prot 1 45 9 (20.0)b 1 (2.2)b

Prot 2 47 2 (4.3)c 0 (0.0)b

Prot 3 46 2 (4.3)c 0 (0.0)b

Prot 4 45 2 (4.4)c 0 (0.0)b

Prot 1: Equilibration solution with 7.5% EG + 7.5% DMSO incubated for 5-15 min, vitrification solution with 15% EG + 15% DMSO + 0.5 
M SUC incubated for 1 min, warmed with 0.13 M SUC for 5 min. Prot 2: Equilibration solution with 7.5% EG + 7.5% DMSO incubated 
for 5-15 min, vitrification solution with 15% EG + 15% DMSO + 0.5 M SUC incubated for 1 min, warmed with 0.13 M TRE for 5 min. 
Prot 3: Equilibration solution with 2 M EG 5 min, vitrification solution with 8 M EG + 0.5 M SUC for 1 min, warmed with 0.13 M SUC 
for 5 min. Prot 4: Equilibration solution with 2 M EG 5 min, vitrification solution with 8 M EG + 0.5 M SUC for 1 min, warmed with 0.13 
M TRE for 5 min. a,b,cDistinct letters in the same column shown difference (P ≤ 0.05).

Table 5. Day six porcine parthenotes embryos viability after vitrification in four different protocols

Group
D6

Blastocysts Expanded Hatched
n n (%) n (%)

Control 60 52 (86.7)a 23 (38.3)a

Prot 1 62 7 (11.3)b 0 (0.0)b

Prot 2 58 2 (3.4)b 0 (0.0)b

Prot 3 60 8 (13.3)b 0 (0.0)b

Prot 4 60 5 (8.3)b 0 (0.0)b

Prot 1: Equilibration solution with 7.5% EG + 7.5% DMSO for 5-15 min, vitrification solution with 15% EG + 15% DMSO 
+ 0.6 M TRE for 1 min, warmed with 0.13 M SAC for 5 min. Prot 2: Equilibration solution with 7.5% EG + 7.5% DMSO for 
5-15 min, vitrification solution with 15% EG + 15% DMSO + 0.6 M TRE for 1 min, warmed with 0.13 M TREA for 5 min. 
Prot 3: Equilibration solution with 2 M EG for 5 min, vitrification solution with 8 M EG + 0.6 M TRE for 1 min, warmed 
with 0.13 M SUC for 5 min. Prot 4: Equilibration solution with 2 M EG for 5 min, vitrification solution with 8 M EG + 0.6 
M TRE for 1 min, warmed with 0.13 M TREA for 5 min. a,bDistinct letters in the same column shown difference (P ≤ 0.05).
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were analysed. This difference was not observed 
when day 5 embryos were assessed for CC3, what 
can be attributed to their better resistance, compared 
to day 6.   

The use of EG as the only intracellular cryo-
protectant for porcine embryo has been reported [1,4], 
often combined with some extracellular cryoprotec-
tant, in steps of vitrification or warming. Between the 
extracellular cryoprotectants PVP [1] and SUC [4], 
the warming steps are more commonly held by SUC, 
during warming steps.

The use of TRE has provided very encouraging 
results, in spite of its known properties, such as the 
capacity to stabilize cell membranes under stressful 
conditions [14], or even its specific interactions with 
membrane phospholipids [7]. However, when com-
bined as a cryoprotectant in our system, the expansion 
rate obtained was not above the satisfactory, not playing 
any positive role in the embryo hatching rates.  

Our results also disagree from what Morató et 
al. [12] found, where day 6 blastocysts had not only 
better quality, but also higher survival (expansion) rates 
when compared to day 5 counterparts. By the other 
hand, embryos of day 6 are more sensible to specific 
culture medium [11]. As evidenced by the clear dif-
ference in sensitivity showed by embryos that reach 
the blastocyst stage under different developing speeds 
(at days 5 or 6), there is the need for directing specific 
vitrification protocols for either developing kinetics; 
the production system, howsoever, must be considered 

when one intends to select the best cryopreservation 
protocol.

CONCLUSIONS

In conclusion, day 5 embryos are more viable 
and resistant to cryoprotectors than day 6 embryos. 
Notwithstanding, the intracellular cryoprotectors EG 
and DMSO when used together are less toxic to em-
bryos of day 5 of culture when used in a concentration 
up to 16%. However, for embryos of day 6, this limit 
goes up to 15% of each cryoprotector, whereas 16% 
already increases caspase in no hatched embryos, and 
reduces TCN of the hatched ones.

Besides the extracellular cryoprotectors 
showed a slight difference on its cell toxicity, the cryo-
tolerance of the less toxic extracellular agents was not 
effective to promote embryo hatching.
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