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ABSTRACT

To enhance the embryo preservation technology and better application of embryo transfer technique to the field 

(dairy science or animal reproduction. etc.), we examined the viabilities of bovine embryos produced in vitro and in 

vivo after cryopreservation according to their developmental stage and thawing temperature. Bovine embryos from in 

vivo/vitro fertilization (Hanwoo) were examined at day 7, 8, and 9. Survival rates and total cell numbers of in vivo 

fertilized embryos were as follows: morulae 68.8% and 67 ± 6.0; blastocysts 80.5% and 120 ± 10; expanded blastocysts 

77.4% and 138 ± 9.7, respectively. Rates of embryo development for blastocysts and expanded blastocysts after 

thawing were significantly higher than that of morula stage embryos (p<0.05). While survival rates of in vitro ferti-

lized embryos according to developmental stage showed no significant difference among groups (morula 67.9%; 

blastocyst 74.3%; and expanded blastocyst 79.4%), total cell numbers were significantly lower than those of other 

groups (morula 64 ± 5.9; blastocyst 116 ± 8.7; and expanded blastocyst 135 ± 9.1) For the viability according to 

thawing temperature, survival rate was higher in 37℃. 
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INTRODUCTION

Bovine embryos derived from in vitro produced (IVP) and 

in vivo have been used for animal production and other bio-

technological purpose (Rall, 1992). In view of the fact that the 

import and export of cattle embryos must be based on frozen 

rather then fresh ones, the international trade in embryos is 

very much dependent on effective freeze-thaw procedures. Cryo-

preservation of bovine embryos has been widely used com-

mercially (Hasler, 2003; Stringfellow and seidel 1998), since 

the frist successful cryopreservation of mammalian embryos 

(Whitingham et al., 1972). Recently, advances in reproductive 

technologies, such as in vitro and in vivo embryos production, 

have stimulated research for efficient cryopreservation techni-

ques for embryo transfer. Determination in the field of cryo-

biology are still dependent primarily on visual or morphologi-

cal examination and on pregnancy rates after the transfer of 

cryopreserved embryos. However, the selection of available em-

bryos for cryopreservation is still dependent on tolerate freeze- 

thawing or appropriate freezing agents. Conventional Slow free-

zing of IVP bovine embryos reduced post-thaw survival rates 

compared with their in vivo counterparts, mostly due to their 

susceptibility to ice crystal formation (Kasai et al., 2002; Ishi-

mori et al., 1992). Utilization of IVP bovine embryos is curren-

tly also hampered by several substantial concerns. Pollard and 

Leibo (1993) raised doubts as to whether IVP bovine embryos 

can survive freezing as well as in vivo derived embryos. The 

thawing procedure is known to be important in determining 

embryo survival (Fashing and Garcia, 1992; Miyamoto and Ishi-

bashi, 1983). To achieve optimal success after cryopreservation 

research into the physical and chemical changes that an embryo 

must endure if it to survive and develop normally are needed 

(Leibo, 1989; King et al., 1985). Among cryoprotectants, ethy-

lene glycol (EG) is one of the most widely used agents for con-

ventional freezing or vitrification (Kojima et al., 1984; Voelkel 

et al., 1992). However, results are always inconsistent. To enhance 

the embryo preservation technology and better application of 

embryo transfer technique to the field. In the present study, we 

examined survival rates after cryopreservation of bovine in vi-

tro/in vivo fertilized embryo according to developmental stage 

and thawing temperature in this study.

MATERIALS AND METHODS

All Chemicals were purchased from Sigma-Aldrich (St. Louis, 

MO, USA) unless otherwise indicated. 
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1. In Vitro Maturation

Bovine ovaries were collected at a local abbatoir and trans-

ported to the laboratory (within 3 h) in sterile 0.9% NaCl solu-

tion at 28℃. Cumulus-oocyte complexes(COCs) were recovered 

by aspiration of 2～8 mm follicles using 18-gauge needle attached 

to a 10 ml syringe. The COCs were washed three times and 

then cultured in TCM-199 supplemented with 50 μg/ml genta-

mycin, 5.5 mM calcium lactate, 2.3 mM Na pyruvate, 36 mM 

NaHCO3, 5 mM Hepes and 10% Fetal Calf Serum (FBS). Ma-

turation was performed in four-well plates (NuncⓇ Denmark) 

in groups of 50 COCs in 500 μl of a maturation media for 

22～24 h at 38.5℃ under 5% CO2, 5% O2 and 90% N2 in air 

with maximum humidity.

2. In Vitro Fertilization

Frozen semen from a single bull were thawed in water bath 

(35～37℃), washed with Brackett and Oliphant's medium (BO 

medium; 1) supplemented with 5 mM-Caffeine (Caff-BO) by 

centrifugation at 1,500 g for 5 min. The sperm pellet was re-

suspended in Caff-BO supplemented with 1% bovine albumin 

serum (BSA, Sigma) and 20 μg/ml heparine for a sperm con-

centration of 2×105 /ml. Oocytes matured in vitro were trans-

ferred sperm into the BO medium (15 to 20 oocytes) for in-

semination. After incubation for 6 h oocytes were washed 2 to 

3 times and transferred to the culture medium (CR1aa) supple-

ment 0.5% BSA and 50 μg/ml gentamycin for development 

using the cumulus cell co-culture system.

3. In Vitro Culture

After 6 h in IVF, oocytes were removed cumulus cells and 

sperm attached by vortexing and transferred each 15 oocytes 

into 50 μl of drop of CR1aa medium for 3 day and additionally 

cultured in CR1aa medium containing 30 mg BSA for 5 days 

at  38.5℃ under 5% CO2, 5% O2 and 90% N2 in air with maxi-

mum humidity. Development of the embryos was observed 

every 24 h under a inverted microscope at × 100 magnification. 

4. Production of In Vivo Embryo

Korean native cows (Hanwoo: Bos taurus coreanae), at ran-

dom stages of the estrous cycle, received a CIDR containing 

1.9 g progesterone (EAZI-BREEDTM CIDRⓇ; InterAg, Hamil-

ton, New Zealand), 1 mg estradiol benzoate (SY Esrone; Sam-

yang, Seoul, Korea) and 50 mg progesterone (SY Ovaron; Sam-

yang). Gonadotropin treatment began 4 day after CIDR implan-

tation, that were superovulated with 28 mg of porcine follicle 

stimulating hormone (FSH) (Antrin-R10Ⓡ; Kawasaki Mitaka 

Pharmaceutical, Tokyo, Japan) in twice daily im injections, with 

a gradual decrease over 4days (5,5,4,4,3,3,2 and 2 mg),. Along 

with the 5th and 6th injections of FSH, 25 mg and 15 mg PGF2α 

were administered, respectively. The cows received 200 μg go-

nadorelin (GnRH) (FertagylⓇ; Intervet, Boxmeer, Netherlands) 

12 h after the final (8th) injection of FSH. The cows were 

artificially inseminated 24 and 36 h after the final injection of 

FSH using commercial semen from a Korean native bull. The 

embryos were recovered 7 days after the frist insemination by 

embryo collection medium (Agtech, U.S.A) (Son et al., 2007).

5. Freezing and Thawing of Embryos

Selected embryos for morphological normality and pipette 

them either a directly into 1.8 M EG solution for 10～15 min 

at room temperature. Groups of 1～2 embryos were frozen in 

0.25 ml plastic straws (IMV International, Minneapolis, MN) 

containing a cryoprotectant solution composed of 1.8 M EG in 

Dulbecco's PBS (Gibco BRL) + 4 g BSA. After 10 min at room 

temperature, place the straws into a freezing machine set at -

7℃. After 3 min, seed each straw by grasping the straw with 

a forceps dipped in liquid nitrogen at the air bubble; make 

sure that the seed forms by checking for ice about a minute 

later. After 10 min, start the freezing machine with a cooling 

rate of 0.5℃/min until straws reach -35℃. No later than 3 

min after straws reach -35℃, plunge straws into liquid 

nitrogen. After cryopreservation, thaw the straws in air for 10 

seconds, and then place in a 35 and 37℃ water bath until all 

ice melted (about 20 sec). and then cultured in CR1aa medium 

containing 0.5% (v/v) BSA (Bovine Serum Albumin).

6. Post Thaw Embryos Evaluation 

Following thawing and rehydration, all embryos were placed 

in CR1aa culture medium. Embryos were evaluated at 12, 24 

and 48 h post- thawing. Embryos that survived were recorded 

as either blastocysts that had re-expanded or hatching at 24 or 

had hatched at 48 h. To determine cell number, after thawing, 

half of the embryos in each treatment were removed on Day 

7 and 8 (Morulae, blastocysts), and the remainder were left to 

continue their development until Day 9 (hatching and hatched 

blastocysts). morulae, blastocysts and expanded blastocysts were 

mounted on slide, stained with Hoechst 33342 (10 μg/ml) and 

covered with a cover slip. The total number of cells in blasto-

cysts was determined by counting the number of nuclei under 

epifluorescent microscopy.
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7. Statistical Analysis

Difference were analyzed among treatments was evaluated 

using the General Linear Modeal (GLM) procedure in the Statis-

tical Analysis System (SAS) pakage (version 6,12). A proba-

bility of p<0.05 was to be statistically significant.

RESULT AND DISCUSSION

1. Thawing of In Vivo Fertilized Embryo

The objective of the present study was to identify a prac-

tical and useful freezing and rehydration method for successful 

embryo development and hatching under field conditions. Ta-

ble 1 shows outcomes of conventional freezing (slow freezing) 

method according to developmental stage of in vivo fertilized 

embryo. For Table 1, a total of 99 embryos were used (n=7). 

At morula stage (a total of 32 frozen embryo), survival rate 

after thawing was 68.8% (22/32). Survival rates for blastocysts 

and expanded blastocysts were 80.5% (29/36) and 77.4% (24/ 

31) respectively. Rates of embryo development for blastocysts 

and expanded blastocysts after thawing were significantly higher 

than that of morula stage embryos. However, no difference 

was noted between blastocysts and expanded blastocysts after 

thawing. While similar result was noted for total cell number 

and survival rates, for total cell number of expanded blasto-

cysts (1388 ± 9.7) was higher than that of blastocyst (120 ±

10). Nagashima et al. (1999) compared survival rates of porcine 

embryo according to developmental stage to address the low 

survival rate due to the accumulation cytoplasmic lipid. When 

cytoplasmic lipid of morula embryo was removed and pro-

cessed with freezing and thawing, blastocyst rate was 92.6% 

(25/27) and 63% (17/27) of surviving embryo developed to 

hatching. This result suggests that accumulation of cytoplasmic

Table 1. Comparison of survival rates and total cell number 

following to conventional freezing in vivo embryos

Embryo stage
Used-

embryos

Evaluation to embryos (%)

Survival

(re-expansion)

Total cell number

(Mean ± SEM)

Morula 32 22 (68.8)a  67 ±  6.0a

Blastocyst (BL) 36 29 (80.5)
b

120 ± 10.0
b

Expansion BL 31 24 (77.4)b 138 ±  9.7b

a,b Percentage with different superscripts within columns indi-

cate significant different (p<0.05). repetition: 7 (n = 7).

lipid during production of IVF embryo highly affects survival 

rate of the embryo after thawing. In general, for IVF produc-

tion and cryopreservation, serum is not added to culture me-

dium. The beneficial effects of FBS on advanced embryo deve-

lopment may be due to not only phophate but also other factor 

such as growth factors in cultured in FBS (Yonis et al., 1989). 

When cultured in media with FBS, significantly higher pro-

portion of bovine (Pinyopummintr and Bavister, 1991), mouse (Mi-

yamoto and Ishibashi, 1983), pig (Dobinsky et al., 1996) and  

rat morulae developed with morulae cultured in FBS-free me-

dia. However, The precise factors in FBS responsible for the 

biphasic effect on the development of embryos is not known. it 

is suggested that one of the main factors may be phophate, 

because FBS contains comparatively higher concentration of 

inorganic phosphorous (Lindle and Bauer, 1989).

2. Thawing of In Vitro Fertilized Embryo

Table 2 shows result of slow freezing method according to 

developmental stage of in vitro fertilized embryo. For Table 2, 

a total of 189 embryos were used (n=8). At morula stage (a 

total of 56 frozen embryo), survival rate after thawing was 

67.9% (38/56) which is similar to in vivo fertilzed embryo. 

Similar result was noted for total cell number and survival 

rates, for total cell number of morula being lower than that of 

blastocysts. For IVF embryos, survival rates for blastocysts 

and expanded blastocysts were 74.3% and 79.4% respectively. 

For total cell number, blastocyst was 117 and expanded blasto-

cyst was 136. All together, the result was similar to that of in 

vivo fertilized embryo. While the cause for this phenomenon 

is not clear, embryo culture condition might be a factor. Dehy-

dration and rehydration of embryo due to the different culture 

condition might affect calcium channel and cytoplasmic ice 

crystal formation. Viability of embryo after thawing is largely

Table 2. Comparison of survival rates and total cell number follo-

wing to conventional freezing in vitro embryos

Embryo stage
Used-

embryos

Evaluation to semen (%)

Survival

(re-expansion)

Total cell number

(Mean ± SEM)

Morula 56 38 (67.9)  64 ± 5.9a

Blastocyst(BL) 70 52 (74.3) 116 ± 8.7b

Expansion BL 63 50 (79.4) 135 ± 9.1b

Repetition: 8 (n = 8).
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affected according to the developmental stage. Although we 

can not estimate pregnancy rate after embryo transfer using 

thawed morula embryo, pregnancy rate for fresh morulae embryo 

was higher than that of later stage embryos (data is not shown). 

The survival rates observed with embryo stage in Experiment 

1 and 2. IVP morulae have resulted in poor survival rates in 

other studies (Hasler, 2003; Holm and Callesen, 1998). The 

development competence and visual selection of in vitro pro-

duced morulae  may be important. in this study, only about 

68% of selected morulae develop into blastocysts. This shows 

that morphological selection of normal morulae is extremely 

difficult. Along with increased degeneration due to poor selec-

tion methods, morulae appear to be more sensitive to cryopro-

tectant exposure, possibly needing shorter exposure time. Cell 

death may possibly be attributed to exposure of morulae to 

toxic levels of cryoprotectant before cryopreservation. Cryoto-

lerance of in vitro-produced embryos is generally lower than 

those obtained in vivo, and it can be affected by the embryo 

culture system. Saha et al. (1994) compared survival rates of 

IVF embryos according to stage of embryo and reported the 

most appropriate stage as Day 7 blastocysts (84%) that is higher 

than Day 8 and 9 blastocysts (71% and 46%). Average of total 

cell number for Day 7 embryo was 124, while that of Day 8 

and 9 were 119 and 109 respectively. The reason for low 

viability and total cell number of Day 9 is possibly because 

younger cells are more stable under osmotic stress and recover 

easily than older cells. 

3. Viability of Embryos for Different Thawing Temperatures

Results for experiment 3 are presented in Table 3. There 

was no significant difference among embryo development stages 

in re-expansion (12～24 h). As shown Table 3, Embryos ex-

posed for 20 sec in air and then warmed at 35℃ and 37℃

water bath maintaining 15℃ angle for the straw. Although 

there was no significant difference between two treatments, 37℃

treatment showed relatively higher survival rate. Longer ex-

posure times were favorable for blastocysts and detrimental to

Table 3. Effect of post-warming conditions on mean responses 

of in vitro cryopreservation bovine embryos in Korean 

native cows

Temperature Used-embryos Survival Degeneration

35℃ 48 34 (70.8) 14 (29.2)

37℃ 56 47 (85.7)  9 (16.1)

morulae, which may correspond with the larger amount of 

water content in the blastocoele cavity. Furthermore, in vitro- 

produced morulae survival rate was lower compared to blasto-

cysts (Campos-Chillon, et al., 2006). In this experiment results, 

temperature is a very important factor which might increase 

the cryoprotectant permeability through the embryo membrane 

to a toxic level, ultimately causing damage to embryonic cells. 

Saha et al. (1996) compared viability of vitrified IVF embryo 

for thawing temperatures (5℃ and 20℃) and reported signifi-

cantly higher developmental rate for embryo kept at 5℃. Sur-

vival rate of 100% for embryo kept at 5℃ was reported while 

that of 20% for embryo kept at 20℃. The authors suspected 

that increased temperature might increased the cryoprotectant 

permeability through the embryo membrane to a toxic level, 

eventually damaging the embryos. Campos-Chillon et al. (2006) 

compared thawing temperature between 20℃ and 37℃ for 5 

minutes exposure and reported survival rate as 84% and 96% 

respectively. These results show similarity with present study. 

The mechanism of this benefit was reported to be unknown. 

Holding the embryos after in-straw dilution at the higher tem-

perature likely speed up removal of cryoprotectant from cell; 

a less likely possibility is prevention of ice crystal formation 

during warming to 37℃ (Macfarlane DR, 1986). Holding em-

bryos in air or water did not significantly change the survival 

blastocysts or morulae. For thawing temperature for the embryo, 

it seems the higher the concentration of cryoprotectant, the 

higher thawing temperature. 

The objective of the present study was to transfer, after freeze 

and thaw, in vivo/in vitro fertilized embryos according to de-

velopmental stage. Blastocysts showed highest survival rate for 

in vivo fertilized embryos, while extended blastocysts was 

highest for in vitro fertilized embryos. For the viability accor-

ding to thawing temperature, 37℃ treatment showed higher 

survival rate than 35℃.

REFERENCES

Campos-Chillon LF, Walker DJ, Torre-Sanchez JF de la and 

Seidel Jr GE. 2006. In vitro assessment of direct transfer 

vitrification procedure for bovine embryos. Theriogenology 

65:1200-1214.

Dobrinsky JR, Johnson LA and Rath D. 1996. Development of 

a culture medium (BECM-3) for porcine embryos: effects 

of bovine serum albumin and fetal bovine serum on em-

bryo development. Biol. Reprod. 55:1069-1074.



Post-Thaw Cryosurvival of Bovine Embryos Produced In Vitro and In Vivo after Controlled Freezing 257

Fashing ML and Garcia MA. 1992. Status of cryopreservation 

of bovine embryos from domestic animals. Cryobiology 29: 

1-18.

Hasler JF. 2003. The current status and future of commercial 

embryo transfer in cattle. Anim. Reprod. Sci. 15:245-264.

Holm P and Callesen H. 1998. In vivo versus in vitro pro-

duced bovine ova: similarities and differences relevant for 

practical application. Reprod. Nutr. Dev. 38:579-594.

Ishimori H, Takahashi Y and Kanagawa H. 1992. Factors affec-

ting survival of mouse blastocysts vitrified by a mixture of 

ethylene glycol and dimethyl sulfoxide. Theriogenology 38: 

1175-1185.

Kasai M, Ito K and Edashige K. 2002. Morphological appea-

rance of the cryopreserved mouse blastocysts as a tool to 

identy the type of cryoinjury. Hum. Reprod. 17:1863-1874.

Kasai M, Komi JH, Takakamo A, Tsudera H, Sakurai T and 

Machida T. 1990. A simple method for mouse embryo cryo-

preservation in a low toxicity vitrification solution, without 

appreciable loss of viability. J. Reprod. Fertil. 89:91-97.

King KK, Seide Ge Jr and Elsden RP. 1985. Bovine embryo 

transfer pregnancies. I Abortion rates and characteristics of 

calves. J. Anim. Sci. 61:747-757.

Kojima T, Tsunoda Y, Ouguri N, Soma T and Sugie T. 1984. 

Survival of frozen-thawed rabbit morulae in the presence of 

ethylene glycol. Ipn. J. Anim. Reprod. 30:50-53.

Leibo SP. 1989. Equilibrium and nonequilibrium cryopreser-

vation of embryos. Theriogenology 31:85-93.

Lindl T and Bauer J. 1989. Zell und Gewebekultur. Stuttgart: 

G. Fischer Verlag.

Macfarlane DR, 1986. Devitrification in glass-forming aqueous 

solutions. Cryobiology 23:230-244.

Miyamoto H and Ishibashi T. 1983. Survival of mouse em-

bryos frozen-thawed slowly or rapidly in the presence of 

various cryoprotectants. J. Exp. Zool. 226:123-127.

Nagashima H, Cameron RDA, Kuwayama M, Young M, Beebe 

L, Blackshaw AW and Nottle MB. 1999. Survival of por-

cine delipated oocytes and embryos after cryopreservation 

by freezing or vitrification. J. Reprod. Dev. 45:167-176.

Pinyopummintr T and Bavister BD. 1991. In vitro-matured/in 

vitro-fertilized bovine oocytes can develop into morulae/ 

blastocysts in chemically defined, protein free culture me-

dia. Biol. Reprod 45:736-742.

Pollard JW and Leibo SP. 1993. Comparative cryobiology of 

in vitro and in vivo produced bovine embryos. Therioge-

nology 30:287.

Rall WF. 1992. Cryopreservation of oocytes and embryos: me-

thods and applications. Anim. Reprod. Sci. 28:237-245.

Saha S, Otoi T and Suzuki T. 1996. The efficiency of ethylene 

glycol, trehalose and polyvinylpyrrolidone for successful 

vitrification of IVF bovine embryos. J. Reprod. Dev. 42: 

163-169.

Saha S, Takagi M, Boediono A and Suzuki T. 1994. Direct 

rehydration of in vitro fertilised bovine embryos after vitri-

fication. Vet. Rec. 134:276-277.

Son DS, Choe CY, Cho SR, Choi SH, Kim HJ, Hur TY, Jung 

YG, Kang HG and Kim IH. 2007. A CIDR-based timed 

embryo transfer protocol increases the pregnancy rate of 

lactating repeat breeder dairy cows. J. Reprod. Dev. 53: 

1313-1318.

Stringfellow and Sidel SM(Eds). 1998. Manual of the Inter-

national embryo transfer socity (3rded) International Em-

bryo Transfer Society. Savoy. IL.

Voelkel SA and Hu YX. 1992. Use of ethylene glycol as a 

cryoprotectant for bovine embryos allowing direct transfer 

of frozen-thawed embryos to recipient female. Theriogeno-

logy 37:687-697.

Whitingham DG, Leibo SP and Mazur P. 1972. Survival of 

mouse embryo frozen to -196℃ and -296℃. Science 178: 

411-414.

Yonis AI, Brackett BG and Fayer-Hosken RA. 1989. Influence 

of serum and hormones on bovine oocyte maturation and 

fertilization in vitro. Gamete. Res. 23:189-201.

(접수일: 2009. 12. 2 / 채택일: 2009. 12. 18)


