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Abstract 
 

Survival and pregnancy rates achieved after 

traditional, slow-cooling-rate cryopreservation of in 

vitro produced Zebu (Bos indicus) embryos are 

generally poor. Vitrification is considered an alternative 

to traditional methods for preservation of embryos. The 

aim of the present experiment was to evaluate the 

addition of sucrose to vitrification medium and the 

influence of embryonic diameter on survival rates of in 

vitro produced Zebu embryos within each treatment. 

Oocytes recovered by ovum pick-up (OPU) were 

matured for 24 hours, fertilized with frozen-thawed 

spermatozoa from a Nelore bull, and cultured in vitro in 

controlled conditions (5% CO2, 5% O2, 90% N2, and 

saturated humidity). Two treatments were used to 

evaluate the effect of sucrose addition to the vitrification 

medium. All of the embryos were measured before 

vitrification to evaluate the influence of diameter on 

survival rate after warming. Day 7, excellent-quality 

blastocysts and expanded blastocysts were equilibrated 

for 40 seconds in either 25% ethylene glycol (EG) and 

25% dimethylsulfoxide (DMSO; Treatment 1; n = 30) 

or 20% EG, 20% DMSO, and 0.5 M sucrose (Treatment 

2; n = 34) and then loaded into open pulled straws (OPS) 

and immersed into liquid nitrogen. At warming, the open 

end of the OPS was immersed into 0.5 M sucrose solution, 

and embryos were subsequently rehydrated in decreasing 

concentrations of sucrose. Re-expansion and hatching rates 

were determined at 24 and 48 hours after warming and 

culture, respectively. There were no differences in the rates 

of re-expansion (30.0% vs. 44.1%) or hatching (13.3% 

vs. 23.5%) of embryos that had been cryopreserved 

using either of the two treatments. No differences were 

observed between diameters of viable embryos after 

vitrification and those that did not survive after treatments. 

Although more studies should be carried out to improve 

the viability of in vitro produced Zebu embryos after 

cryopreservation, at the present time, vitrification is 

probably the best method for cryopreservation of sensitive 

embryos. 
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Introduction 
 

Cryopreservation of in vitro produced embryos 

derived from animals of high genetic merit has allowed 

genetically-superior embryos to be stored indefinitely 

(Dinnyés et al., 1999; Kaidi et al., 1999; Reichenbach, 

2003). However, in vitro produced bovine embryos are 

sensitive to cooling and conventional freezing protocols 

(Massip et al., 1995). This fact is mainly due to the 

extreme sensitivity of these embryos to slow cooling 

(0.5°C per minute), principally at temperatures below 

-6°C (Mahmoudzadeh et al., 1994). This sensitivity may 

be due to the presence of large amounts of lipids in the 

cytoplasm of in vitro produced bovine embryos (Leibo 

and Loskutoff, 1993). Nevertheless, in vitro produced 

Bos taurus embryos have higher survival rates 

compared to Bos indicus embryos, when cryopreserved 

using a conventional freezing method. Vitrification, an 

alternative to conventional cryopreservation methods, is 

an ultra-fast method wherein a viscous, highly-

concentrated cryoprotectant solution, submitted to 

sufficiently low temperatures (-120ºC), suffers direct 

passage of the liquid state to a vitrified and amorphous 

state (Rall and Fahy, 1985).  

The addition of a sugar such as sucrose, which 

does not penetrate the cell membrane, to an ethylene-

glycol-based vitrification solution promotes cellular 

dehydration. Besides, it may significantly reduce the 

amount of cryoprotectant required as well as the toxicity 

of ethylene glycol (EG) by decreasing its concentration. 

The non-permeating sucrose also acts as an osmotic 

buffer by reducing the osmotic shock associated with 

freezing (Liebermann et al., 2002). 

Because the vitrification technique has shown 

better in vitro results for more sensitive embryos, the 

objectives of the present study were to evaluate the 

addition of sucrose to the vitrification medium and the 

influence of embryonic diameter on survival rates of in 

vitro produced Zebu embryos within each treatment. 

 

Materials and Methods 
 

All materials were purchased from Sigma (St. 

Louis, MO, USA) unless otherwise noted. The OPSs 

were generously supplied by Dr. Vajta and Dr. Mezzalira. 

Eleven Nelore cows, on the second or third parturition, 

were submitted to ovum pick-up (OPU) following a 

gynecological examination and body condition 

evaluation that, ranged from 3 to 3.5 for all donors. The 

animals were maintained on pasture and received 
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mineral supplementation ad libitum. Ovum pick-up was 

performed every 15 days. The local mean temperature 

was 26ºC and air humidity 67%. Follicles with a 

diameter between 2 and 6 mm were aspirated, and the 

cumulus-oocytes complexes (COCs) were transported to 

laboratory in TCM-199 with HEPES at 37ºC within 

three hours after aspiration. 

 

In vitro embryo production 

 

For the in vitro development of bovine 

embryos, 4 replicates were conducted using the same 

procedure. Recovered COCs were selected (Leibfried 

and First, 1979), washed in TCM-199 with HEPES, and 

transferred within culture dishes to 100-µl drops of 

maturation medium consisting of TCM 199 with 

bicarbonate, 10% fetal calf serum (FCS; Nutricell - 

Campinas, SP), 22 µg/ml pyruvate, 50 µg/ml LH 

(Lutropin
®
; Vetrepharm, Canada Inc.), 0.5µg/ml FSH 

(Folltropin
®
 –V; Vetrepharm, Canada Inc.), and 50 µg/ml 

penicillin G sodium and 50 µg/ml gentamycin. The 

drops containing 20 oocytes were covered with liquid 

mineral oil and cultured for 24 hours in a CO2 incubator 

(5% CO2 in humidified air) at 38.7°C. After maturation, 

oocytes were washed in TCM-199 with HEPES and 

transferred in groups of 10 to drops of 100 µl of 

fertilization medium-TALP (Parrish et al., 1995) 

supplemented with 50 µg/ml gentamycin and penicillin, 

2.7 µg/ml penicillamine, 1 µg/ml hypotaurine and 

0.3 µg/ml epinephrine, 5 µg/ml bovine serum albumin 

(BSA-code 8806), 22 µg/ml pyruvate, and 10 µg/ml 

heparin. For the in vitro fertilization (IVF) procedure, 

0.5 ml straws of frozen semen from two Nelore bulls 

were thawed at 37°C for 30 seconds. The Percoll 

gradient technique was used to separate sperm (Palma, 

1993). Sperm cell concentration was measured using a 

hemocytometer. Oocytes were fertilized with a final 

sperm concentration of 2x10
6
 spermatozoa/ml. Oocytes 

and spermatozoa were co-cultured in fertilization 

medium in an incubator at 38.7 °C in 5% CO2 in air and 

saturated humidity for 20 hours. The day of fertilization 

was considered Day 0. 

Following co-culture, oocytes and zygotes 

were submitted to partial or total mechanical removal of 

the cumulus cells using an automatic pipette. 

Subsequently, they were washed in TCM-199 with 

HEPES and transferred in groups of 10 to drops of 100 

µl of synthetic oviduct fluid (SOF; Holm et al., 1999). 

Zygotes were incubated for 7 days at 38.7°C in 5% CO2, 

5% O2, 90% N2, and saturated humidity. A total of 4 

replicates of in vitro embryo production were 

conducted. On Day 7 after fertilization, embryos were 

morphologically evaluated using a stereo microscope 

(200x). Blastocysts or expanded blastocysts classified as 

Quality 1, according to International Embryo Transfer 

Society (IETS; Robertson and Nelson, 1999), were 

selected for vitrification. 

 

Vitrification 

 

The vitrification experiment was replicated 

four times. The cryoprotectant agents, 

dimethylsulphoxide (DMSO), EG, and sucrose solution, 

were diluted in holding medium (HM) composed of 

TCM-199 and 20% FCS. Sucrose solution was prepared 

according to Vajta et al. (1997), and two vitrification 

treatments were tested: Treatment 1 (n = 30) - 50% HM 

+ 25% EG + 25% DMSO (40 seconds at 39°C) and 

Treatment 2 (n = 34) - 50% HM + 20% EG + 20% 

DMSO + 0.5 M sucrose solution (40 seconds at 39°C). 

Embryos were measured using a bright field 

microscope with an ocular micrometer (scale 

1mm/100µm). After that, an adjustment factor obtained 

with objective micrometer was applied to the 

measurements recorded from the ocular micrometer 

(Ueno and Gonçalves, 1998). After measurement, the 

embryos were equally distributed between treatments 

according to their diameters. One to three embryos were 

loaded in an open pulled straw (OPS; Vajta et al., 

1997), considering the bull used for fertilization, 

embryo diameter, and treatment. Each OPS contained 

embryos with a maximal 5 µm difference in diameter. 

All of the procedures were carried out at room 

temperature between 28 and 30°C, and the media were 

maintained at 39°C. Therefore, the temperature of 

vitrification solutions was between 34 and 36°C.  

To reduce the toxicity of the cryoprotectants, 

embryos were exposed to vitrification solutions in 

four steps by increasing cryoprotectant concentrations: 

1) HM (1 minute/39°C); 2) HM (5 minutes/39°C); 

3) vitrification solution 1 (VS1) - 75% HM, 20% EG, 

5% DMSO (1 minute/39°C); and 4) VS2-Treatment 

1- 50% HM, 25% EG, 25% DMSO (40 seconds/39°C) 

or VS2-Treatment 2 - 50% HM, 20% EG, 20% DMSO, 

10% sucrose 0.5 M (40 seconds/39°C). After the four-

step process, embryos were loaded into OPSs and 

submerged into liquid nitrogen. 

At warming, the open end of OPS was 

immersed into a 0.5 M sucrose solution, and the 

vitrification media became liquid in 2-3 seconds. 

Thereafter, embryos were rehydrated in sucrose solution 

in four steps (Vajta et al., 1998): 1) HM + 0.5 M 

sucrose solution (1 minute); 2) HM + 0.5 M sucrose 

solution (5 minutes); 3) HM + 0.3 M sucrose solution 

(5 minutes); and 4) HM (5 minutes). Step 1 was 

performed to remove the cryoprotectant solution. 

After the embryos were cultured for 48 hours in 

an incubator at 38.7 °C in a saturated atmosphere of 5% 

CO2, 5% O2, and 90% N2, their survival was assessed. 

Re-expansion rate was evaluated at 24 hours and hatching 

rate at 48 hours post-culture. After measurement using a 

bright field microscope (200x), embryos that reached a 

diameter equal or greater than their diamete



 Varago et al. Bovine embryo vitrification. 

 

Anim. Reprod., v.3, n.3, p.353-358, Jul./Sept. 2006 355 

prior to vitrification were considered re-expanded.  

 

Statistical analysis 

 

Data were analyzed using the SAS program 

(Statistical Analyses System). Rates of re-expansion and 

hatching following warming and culture as well as 

embryonic diameter were analyzed by the Chi-square test. 

A probability of P < 0.05 was considered significant. 

Results 
 

Embryo production, re-expansion, and hatching rates 

 

From 406 recovered oocytes, a cleavage rate of 

64.0% and an embryonic development rate of 32.7% on 

Day 7 were observed (Table 1). The embryonic re-

expansion and hatching rates post-warming did not 

differ between Treatments 1 (Table 2).  

 

Table 1. Embryonic production rates. 

Mature oocytes 

(n) 

Cleavage rate 

(Day 3) 

Embryonic development rate 

(Day 7) 

406 64.0% (259/406) 32.7% (132/406) 

 

Table 2. Re-expansion and hatching rates of vitrified/thawed embryos. 

Number of blastocysts 
Treatment 

Vitrified Re-expanded (24 hours) Hatched (48 hours) 

1 30 9 (33.0%)
 a
 4 (13.3%)

 b
 

2 34 15 (44.1%)
 a
 8 (23.5%)

 b
 

a,b
Values with different letters within each column are different (P < 0.05). 

 

 

Embryo diameter, stage, and quality 

 

Embryos were distributed in three 

categories according to their diameter: 160 to 175 µm 

(T1, n = 8; T2, n = 8), 180 to 200 µm (T1, n = 18; T2, n = 20), 

and > 205 µm (T1, n = 4; T2, n = 6). Neither diameter 

of vitrified embryos nor treatment influenced the 

survival rate after warming and culture for 24 hours. 

Among the viable embryos, no significant difference 

in diameter was observed before and after vitrification 

in Treatment 1, while in Treatment 2, a significant 

increase in diameter after warming and culture for 24 

hours was observed (Table 3).  

All viable embryos were vitrified at the 

expanded blastocyst stage (14/64), while vitrified 

embryos at blastocyst stage did not survive (3/64). All 

vitrified embryos lost one or two points of classification 

after warming, except for two embryos in Treatment 1 

that remained Quality 1 (excellent). One embryo from 

Treatment 1 had a fractured zona pellucida. 

 

Table 3. Diameter of viable embryos before and after vitrification. 

Embryo diameter (µm) 
Treatment n 

Before vitrification After warming and culture 

1 9 212.2 ± 19.7 
aA

 208.8 ± 13.9 
bA 

2 15 201.0 ± 25.1 
aA

 214.0 ± 29.2 
bB

 
a,b

Values with different letters within each column are different (P < 0.05). 
A,B

Values with different letters within each row are different (P < 0.05). 

 

 

Discussion 
 

In the present experiment, the cleavage 

(64.0%) and embryonic development rates (32.7%) 

were similar to cleavage (60.7%) and development 

(36.5%) rates previously reported (Pugh et al., 2000) in 

an experiment that used the same culture medium. 

However, higher cleavage (92%) and embryonic 

development rates (37%; Han et al., 1994), as well as 

lower cleavage (44%) and blastocyst development 

(16%) rates, were also reported (Dinnyés et al., 1999). 

The difference in the results between previous studies 

and the present study was possibly associated with 

different oocyte sources. Most studies used oocytes 

recovered from ovaries collected from cows from 

slaughterhouses whereas oocytes used in the present 

study were obtained from OPU of Zebu cows. Besides, 

some factors like maturation medium, variations in 

fertilization procedure, and duration of each step of the 

process might result in different embryonic 

development rates.  

While re-expansion and hatching rates of 

embryos vitrified with Treatment 1 of the present 

experiment were 33.0% and 13.3%, respectively, studies 
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that used the same vitrification solution reported higher 

re-expansion (83% to 97%) and hatching (49.6% to 

72%) rates (Vajta et al., 1995; 1996; Saalfeld et al., 

2002; Mezzalira et al., 2003). This could be explained 

by less exposure time (20 seconds) of the embryos to 

vitrification solution in reported studies compared to the 

exposure time used in the present experiment (40 

seconds). 

Likewise, embryo re-expansion and hatching 

rates in Treatment 2 were lower (44.1% and 23.5%, 

respectively) compared to studies that used a lower 

concentration of cryoprotectant (33% and 44%) in 

vitrification protocols (74% to 81% and 46% to 94%, 

respectively; Vajta et al., 1999; Lazar et al., 2000). 

Besides, exposure time of embryos to the vitrification 

solution was also lower (20 to 30 seconds) than that 

used in the present experiment (40 seconds). It is 

possible that lower cryoprotectant concentration 

associated with less exposure time of embryos to the 

vitrification solution could result in a decrease of 

vitrification medium toxicity (Rall and Fahy, 1985; 

Kasai et al., 1992; Varago, 2005). In contrast, when the 

same protocol of Treatment 2 was used, no re-expansion 

rate was reported (Siqueira-Pyles et al., 2003; 2004). 

Time and temperature of embryo exposure to 

the vitrification solution are directly related to the 

toxicity of the permeant cryoprotectant. Toxicity 

depends on the concentration of cryoprotectant in the 

vitrification solution and the penetration rate of the 

cryoprotectant through the cells, which is influenced by 

temperature and exposure time of the embryo to the 

vitrification solution (Saha and Suzuki, 1997). Usually, 

in the vitrification protocols of in vitro produced Bos 

taurus embryos, the exposure time to vitrification 

solution does not exceed 30 seconds when medium 

temperature is at 23°C and 39°C and the concentration 

of cryoprotectant between 33% and 50% (Donnay et al., 

1998; Vajta et al., 1998; Gutiérrez-Adán et al., 1999; 

Vajta et al., 1999; Lazar et al., 2000; Saalfeld et al., 

2002). On the other hand, when the temperature of the 

vitrification solution was lowered (22°C to 4°C), the 

exposure time was increased from 45 seconds to 2 

minutes (Mahmoudzadeh et al., 1995; Saha and Suzuki, 

1997; Vajta et al., 1997; Oliveira et al., 1998). In the 

present experiment, temperature of the vitrification 

solution and exposure time of embryos were higher than 

those reported in other protocols, which may have been 

the cause of higher toxicity of vitrification solution.  

As described with Bos taurus embryos, similar 

results were observed in the present experiment in 

which addition of 0.5 M sucrose to the vitrification 

medium did not improve embryonic survival rates 

(Mahmoudzadeh et al., 1995; Oliveira et al., 1998). 

Likewise, when another sugar (0.85 M galactose) was 

added to the vitrification medium, no significant 

increase in survival rate was reported (Donnay et al., 

1998). During cryopreservation, a high sucrose 

concentration is required in order to promote 

dehydration and toxicity reduction of a permeant 

cryoprotectant when in vitro produced bovine embryos 

are exposed to the vitrification solution for a long time 

(40 seconds; Mahmoudzadeh et al., 1995). Therefore, it 

is possible that the sucrose concentration used in the 

present experiment was not enough to significantly 

increase the embryonic survival rate post-warming. 

Thus in the present experiment, the addition of sucrose 

to the vitrification medium probably did not reduce the 

toxicity of permeant cryprotectors to the embryos, 

which contradicts preview reports (Massip et al., 1987; 

Dobrinski et al., 1992; Liebermann et al., 2002; Guignot 

et al., 2006).  

Although higher survival rates (100%) of 

expanded blastocysts larger than 150 µm and 180 µm 

have been reported by Dinnyés et al. (1999) and 

Donnay et al. (1998), respectively, embryonic diameter 

before vitrification did not influence embryo viability 

post warming regardless of treatment in the present 

experiment. The higher viability of in vitro produced 

bovine embryos of a larger diameter and in the 

developmental stage of an expanded blastocyst could be 

related to the acquisition of unknown properties that 

made them more resistant to the cryopreservation 

process (Carvalho et al., 1995; Hasler et al., 1997). 

Although it has not yet been proven for bovine embryos, 

these properties in swine embryos are described as 

modifications of lipid composition of the membrane 

during embryonic development, which reduces the 

embryo’s sensitivity to cooling (Nagashima et al., 1992; 

Dobrinski, 1996). Nevertheless, in the present 

experiment, different methods for embryo production 

and vitrification were used and could have led to similar 

survival rates for embryos with different diameters. 

Although survival rates were not influenced by 

embryo size and addition of sucrose, viable embryos in 

Treatment 2 had a significant increase in diameter after 

warming and culture for 24 hours. This embryo size 

increase could be due to a continued development, 

probably caused by the presence of sucrose in the 

vitrification medium. Moreover, the length of the in 

vitro culture period after warming may also play a role 

in determining the number of embryos that reach the re-

expansion stage (Vajta et al., 1996). Therefore, an 

evaluation of re-expansion rate after culture for 48 hours 

could have resulted in higher re-expansion rates in both 

treatments.  

When in vitro embryos were vitrified in 0.25 ml 

straws, rates of 20.4% to 27.0% of zona pellucida 

damage were reported (De Paz et al., 1994; Titterington 

et al., 1995). In the present experiment, one embryo 

from Treatment 1 (1.6%) had fracture of the zona 

pellucida. In closed straws, air bubbles shrink and 

expand rapidly in parallel with the changes in 

temperature, resulting in significant pressure changes 

and movements in the partially solidified solutions. 

Using the OPS method, no pressure changes occur 

around the solution, thus fracture damage is minimal 
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(Vajta et al., 1997). Probably, the use of the OPS 

method in the present experiment prevented fracture of 

the zona pellucida of in vitro produced Zebu embryos. 

It has been reported that in vitro produced Zebu 

embryos contain a greater number of mitochondria and 

consequently mitochondrial membranes compared to in 

vitro produced Bos taurus embryos (Esper and Barbosa, 

1991). Therefore, it can be suggested that a higher 

number of membranes could lead to a higher sensitivity 

of in vitro produced Zebu embryos to the 

cryopreservation process.  

Although more studies should be carried out to 

improve the viability of in vitro produced Zebu embryos 

after cryopreservation, at the present time, vitrification 

is probably the best method for cryopreservation of 

sensitive embryos.  
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