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ABSTRACT

The objective of this study was to optimize the freezing /thawing method of in vitro produced
Hanwoo blastocysts. Day 7 blastocysts after IVF were vitrified using EFS40 (40% ethylene gly-
col, 18% ficoll, 0.3 M sucrose and 10% FBS added m-DPBS) as a freezing solution and electron
microscope (EM) grid (V-G) or straw (V-S) as an embryo container. In both method,
freezing / thavying were treated by 2-step, treatment time was required in V-G method and V-§
method, for 2 min /3 min and 3.5 min /10 min, respectively. Embryo survival was assessed as
re-expanded and hatched rates at 24 h and 48 h after warming, respectively. The results obtained
in these experiments were summarized as follows: when the effect of exposure in vitrification
solution and chilling injury from freezing procedure on in vitro produced expanded blastocysts
were examined, at 24 h after warming, embryo survival in exposure group (100.0%) was not dif-
ferent compared to that in control group (100.0%), although those results were significantly dif-
ferent with two vitrified groups (V-G: 87.8, V-S: 77.8%) (P<0.001). However, at 48 h after
warming, hatched rates of V-G group (67.8%) were significanlty higher than those of V-S group
(53.3%) (P<(.05). In addition, this hatched rate in V-G group was not different with that in ex-
posure group (73.3%). When the effects of embryo developmental stage (early, expanded and
early hatching blastocysts) and embryo container (EM grid and straw) to the in vitro survival of
vitrified-warmed day 7 Hanwoo blastocysts were simultaneously examined, fast developed em-
bryos were indicated the better resistance to freezing than delayed developed one, irrespective
of embryo containers (early; 57.1 & 24.4%, expanded; 84.7 & 60.6%, early hatching; 91.7 & 80.
0%) (P<0.001). Especially, in expanded and early hatching blastocysts, embryo survival of V-G
group (67.8, 95.0%) was significantly higher than those of V-S group (53.0, 65.0%) at 48 h post
warming, respectively (P<0.05, P<(0.001). Therefore, this study indicates that Hanwoo
blastocysts can be cryopreserved more simple, efficient and successful by vitrification method
using EM grid.
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1. INTRODUCTION

The production of in vitro derived bovine em-
bryos has become routine procedure and thus
successful cryopreservation method is still more
required for efficient utilization of these em-
bryos (Leibo and Loskutoff, 1993). In the past
decade, various new methods for embryo cryop-
reservation have been developed. Among these
methods, vitrification has been widely used and
is now regarded as a potential alternative to con-
servative slow freezing. In addition, in vitro prod-
uced bovine embryo cryopreservation, to outrac-
e the chilling injury from the freezing procedur-
es, it suggested that sufficient rapid cooling
may be beneficial than slow cooling (Pollard and
Leibo, 1994). Vitrificaton has potential advantag-
es over conventional freezing in that it takes
only a few seconds for cooling embryos, and
there is no extracellular crystallization, which is
one of the major causes of cell injury (Rall and
Fahy, 1985). Also, by acceleration of the speed
of temperature changes, it offers lower osmotic
and toxic effects and less severe chilling injury
as a result of the rapid passage though the “dan-
gerous” temperature zone (Vajta et al., 1998).
However, most vitrification methods use the
standard French mini-straws for holding the em-
bryos during cooling, storage and warming. Re-
cently, to overcome the disadvantages of straw
which has low cooling and warming rates, a few
study has being introduced. Among them, Mar-
tino et al. (1996) reported that ultra-rapid freez-
ing method using electron microscope (EM)
grid was efficient for the cryopreservation of
chilling sensitive bovine oocyte. But, until now,
freezing study using EM grid was limited only
at oocyte stage (Martino et al., 1996; Kimr et
al., 1998a, b). On the other hand, successful res-
ults on the vitrification of in vitro derived bovine

blastocyst were immediately demonstrated by
many researchers (Kuwamaya et al,, 1992; Tac-
hikawa et al., 1993; Mamoudzadeh et al., 1995).
In previous study (Park et al., 1998), we alread-
y reported that higher survival of Hanwoo
IVM /IVF /IVC blastocysts can be obtained by
simple 2-step vitrification method using straw
and EFS40 freezing solution, On the basis of
these results, in this study, to find the better
cryopreservation method for in vitro produced
Hanwoo blastocysts, we examined the in vitro
survival rates of vitrified-warmed embryos from
a new freezing method using EM grid, and also
those results were compared with the survival
rates of vitrification method using straw which
was established before,

. MATERIALS AND METHODS

Chemicals were obtained from Sigma Chemi-
cal Company (St. Louis, MO) and media from
GIBCO (Grand Island, NY), unless otherwise
stated. All of the manipulation procedures of
oocytes, sperm, freezing and warming were con-
ducted at 25C room temperature.

1. Production of Hanwoo IVM/IVF/IVC
Blastocysts

The culture procedures employed in the pro-
duction of preimplantation embryos from Han-
woo follicular oocytes were as outlined by Park
et al. (1998). Briefly, Hanwoo ovaries were
obtained from a slaughterhouse, and cumulus-
oocyte complexes (COCs) were aspirated from
visible follicles (2~6 mm in diameter), COCs
were then washed with HEPES-buffered Tyrod-
e’s medium and cultured in maturation medium
composed of TCM199 + 10% fetal bovine serum
(FBS) supplemented with 0.2 mM sodium-pyru-
vate, 1 ug /ml follicle-stimulating hormone, 1 ug
/ml estradiol-178, and 25 ug/ml gentamycin



sulfate at 39¢, 5% CO. incubator, After incu-
bation for 22~24 h in IVM medium, the COCs
were inseminated using highly motile sperm rec-
overed from frozen-thawed Hanwoo bull semen
separated on a discontinuous percoll column,
Fertilization was assessed as cleavage rate (>
2-cell) after 4442 h co-incubation with the sper-
m. For in vitro culture, cleaved embryos were
cultured in CR1 (Rosenkrans et al., 1993) me-
dium supplemented with 3 mg/ml fatty acid-
free BSA and then transferred into 10% FBS
added CR1 medium at day 4 after IVF. For the
study, blastocysts produced in vitro at day 7
after IVF were classified into early, expanded
and early hatching stage according to their de-
velopmental morphology (Kim et al., 1996) and
they were divided into control, exposure and vit-

rified group.

2. Vitrification Procedures

In this study, two types of embryo containers
(EM grid and straw) were used to cryopreserve
the Hanwoo IVM /IVF /IVC blastocysts, We
will refer to vitrification using EM grid and vi-
trification using straw as V-G and V-S, respec-
tively. Detailed information about two different
freezing method is indicated in Table 1.

In both vitrification methods, freezing was
carried out by two-step. As a freezing solution,
EFS40, was prepared equally to method de-

scribed by Kasai et al. (1990), was consisted of
40% (v /v) ethylene glycol (EG) 18% (w/v)
ficoll (Ficoll 70, Average MW: 70,000), 10.26%
(w/v) sucrose and 10% FBS supplemented in
m-DPBS, was used. To decrease the embryo
damage according to abrupt exposure in high
concentration of cryoprotective agents, as a
pre-treatment solution, m-DPBS (EG20) con-
taining 20% EG and 10% FBS was prepared.

1) Vitrification Using Grid (V-G)

Two-step freezing method was modified from
that of Kim et al. (1998a,b). Shortly, in this me-
thod, 400 mesh copper EM grids (IGC 400; Pel-
co international, USA) were used as a physical
support to maximize cooling rates when it was
directly plunged into liquid nitrogen (LN,). Be-
fore the exposure in vitrification solution, em-
bryos (Fig. 1A) were partially equilibrated in
EG20 for 1.5 min. And then embryos were ex-
posed in EFS40 (Fig. 1B), loaded onto EM grid
(Fig. 1C, D) and directly plunged in LN, within
30 sec. A mean number of ococytes loaded on one
grid were eight to ten.

2) Vitrification Using Straw (V-S)

Freezing was done as described by Park et al.
(1998). In the first step, embryos were fully
equilibrated in EG20 for 3 min. And then in the
second step, embryos were exposed in EFS40,

Table 1. Comparison of characteristics between vitrification method using two types of embryo

container
Type

Characteristic ” EM grid Straw
Material Copper Plastic
Freezing step 2-step (1.5 min. /30 sec.) 2-step (3 min, /30~45 sec.)
Prefreezing - Need
Warming Directly in warming sol. Air 5 sec /water 15 sec,
Dilution step 2-step (1.5 min, /1.5 min,) 92-step (5 min, /5 min.)




loaded in 2 0.25 ml French mini straw (IMV,
L’Aigle) and plunged in LN, within 30 to 45 sec,
Plastic 0.25 ml straws were loaded as follows,
Briefly, a 4 cm length was filled with 0.5 M su-
crose solution (prepared in m-DPBS containing
10% FBS) followed by a 1.5 cm air bubble, 0.5
cm EFS40, 0.5 cm air bubble, 0.5 cm EFS40, 0.5
cm air bubble, 2 cn EFS40 and 1.5 cm air bub-
ble, The remaining part of the straw was filled
with 0.5 M sucrose, Straw was sealed with pow-
der and heat after embryo loading. To prevent
cracking of the straw, the first part of the straw
filled with 0.5 M sucrose (4 cm) was slowly im-
mersed into LN,; the remaining part of the
straw was then plunged in. Average embryo
numbers loaded in each straw were about thee

to five.

3. Warming Procedures

1)InV-G

Cryoprotectants in vitrified-warmed embryos
were removed by 2-step. After a few hours or
days of storage in LN, embryos were warmed
ultra-rapidly. EM grid stored in LN, was di-
rectly transferred into 0.3 M sucrose solution
(prepared in m-DPBS containing 10% FBS) as
soon as possible, was fast transferred into fresh
0.3 M sucrose and was diluted for 1.5 min, Rec-
overed embryos were transferred in m-DPBS
containing 10% FBS. After another 1.5 min, di-
lution finished embryos were washed with cul-
ture medium and co-cultured in cumulus cell
mono-layered drop (10ul) added CR1 medium
containing 10% FBS (Fig. 1E). Cumulus cell
drop was prepared with cumulus cells recovered
from in vitro matured Hanwoo oocytes before
IVF treatment,

2)InV-S
Embryos were warmed rapidly by pacing

straws in air for 5 sec. and then in 25°C water
bath for 10~15 sec. The contents of each straw
were emptied into 0.8 ml of 0.3 M sucrose sol-
ution, and then recovered embryos were trans-
ferred into a new 0.8 ml of 0.3 M sucrose for 5
min, And then embryos were incubated in a 0.8
ml of m-DPBS containing 10% FBS for 5 min.
Dilution finished embryos were co-cultured in
the same culture condition as V-G for 48 h.

4. Assessment of Embryo Survival

The post-warming survival of embryos was
observed every 24 h under microscope and jud-
ged as morphological survivors if they were
expanded into blastocysts within the first 24 h
of culture, and hatched out totally within the
next 48 h (Fig. 1F),

5. Experimental Design

To examine embryo damage by toxicity of vit-
rification solution and to compare difference of
chilling injury from the freezing procedure by
embryo containers, IVM /IVF /IVC Hanwoo
blastocysts were exposed in freezing solution
or /and vitrified into LN, respectively. In ex-
posure group, all treatment including before-
freezing and warming procedures was done as
the same method as freezing group. Also, to
examine the embryo survival in vitro after war-
ming according to embryo developmental stage,
and to determine the effect of two kinds of sam-
ple container on the embryo survival, each clas-
sified blastocysts produced at day 7 were vitrif-
ied.

6. Statistical Analysis

The significance of difference among treat-
ment group in each experiment was compared
with Chi-square test using SAS Institute sof-
tware package (SAS Institute Inc., 1985).
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Fig. 1. A series course of freezing and warming of in vitro produced Hanwoo blastocysts using
electron microscope (EM) grid (A-F). IVM/IVF/IVC Hanwoo blastocysts (A) were equili-
brated in EG20 for 3 min, were exposed in EFS40 (B) and then were loaded onto EM grid
immediately before being plunged into LN: (C, D) within 30 sec. After warming, embryos
were diluted their cryoprotectants and then cultured in cumulus cell mono-layered drop
(E). Thawed blastocysts were in vitro hatched 48 h after culture (F). (A-B: x150, C: x40,
D: x60, E: X100, F: x80).
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. RESULTS

1. Hanwoo Embryo Production in vitro

In a total of 20 replicates, 3,318 Hanwoo ooc-
ytes were subjected to IVM and IVF procedur-
es. On day 2, a total of 2,919 (88.0%) embryos
were cleaved. The total number of embryos that
developed to blastocysts at day 7 after IVF
were 1,503 (45.3%). Also, when they were clas-
sified to early, expanded and beyond hatching
blastocyst stage, 734 (22.1%), 582 (17.5%) and
187 (5.6%) were produced, respectively (Table,
2). For study, day 7 blastocysts showed morpho-
Jogically good to excellent quality were selected
from the each replicate, and thus 156 of early
blastocysts, 534 of expanded blastocysts and 120
of early hatching blastocysts were utilized ac-

cording to each experimental purpose.

2. In vitro Survival of Exposed or Vitrified
Hanwoo IVM/IVF/IVC Blastocysts

The effect of exposure in vitrification solution
and chilling injury from freezing procedure on in
vitro produced Hanwoo blastocysts were exam-
ined. When the embryo survival in vitro was as-
sessed to re-expanded and hatched rates at 24 h
and 48 h after dilution, as shown in Table 3, vi-
ability of Hanwoo blastocysts was not signifi-
cantly decreased in spite of exposure in freezing
solution (100.0, 73.3%) compared to control
group (100.0, 84.4%), respectively, However,
their in vitro survival rates at 24 h were signifi-
cantly higher than those of two vitrified groups
(V-S: 77.8, V-G: 87.8%) (P<0.001). But, em-
bryo hatched rates in V-G group (67.8%) at 48
h after warming were not significantly different
with those in exposure group (73.3%), although

Table 2. Development of Hanwoo follicular oocytes at day 7 after IVF (r=20)

No. (%) of developed to

No. of No.(%) of
oocytes =2-cell >Bla.* ErB EdB >HgB
3,318 2,919 (88.0) 1,503 (45.3) 734 (22.1) 582 (17.5) 187 (5.6)

*Bla. ; Blastocyst, ErB; Early blastocyst, EdB; Expanded blastocyst, HgB; Hatching blastocyst.

Table 3. In vitro survival of exposed or vitrified Hanwoo IVM/IVF/IVC blastocysts in EFS40

No (%). of embryos survived after warming

No. of No. of
Treatment embryos embryos 24 h later 48 h later
examined* recovered >EdB or Re-edB* >HgB HdB

Control 90 - 90(100.0)® 80(88.9)° 76(84.4)°
Exposed 90 90(100.0) 90(100.0)* 78(86.7)° 66(73.3)<4

- Straw™* 90 90(100.0) 70( 77.8)° 61(67.8)¢ 48(53.3)°

Vitrified :
Grid*™ 90 90(100.0) 79( 87.8)* 71(78.9)¢ 61(67.8)¢

* Day 7 expanded blastocysts were used for comparison,

* EdB: Expanded blastocyst, Re-edB: Re-expanded blastocyst, HgB: Hatching blastocyst, HdB; Hatched

blastocyst.
“* Types of embryo container used in freezing.

Means in the column without common superscripts are significantly different (P<0.001)%®, (P<0.01)<9, (P<0.

05)%,



there are significant difference with those in
control group (84.4%) (P<0.01). Especially, be-
tween two vitrified groups, there are significant
difference in hatched rates at 48 h after warm-
ing (V-S: 53.3%, V-G: 67.8%) (P<0.05).

3. In vitro Survival of Vitrified Hanwoo
Blastocysts according to Developmental Stage
and Embryo Container

The effects of embryo developmental stage
(early, expanded and early hatching blasto-
cysts) and embryo container (straw and EM
grid) used at freezing to the in vitro survival of
vitrified-warmed day 7 Hanwoo blastocysts were
simultaneously examined. As shown in Table 4,
fast developed embryos (expanded blastocyst
and early hatching blastocyst stage) showed the
better resistance to cryopreservation than del-
ayed developed one (early blastocyst stage), ir-
respective of embryo containers (early; 57.1 &
24.4%, expanded; 84.7 & 60.6%, early hatch-
ing; 91.7 & 80.0%5) (P<0.001). Especially, in
this study, among the beyond hatching blasto-
cysts, early hatching stage embryos which was

shunken and then re-expanding state were used
as a comparison group, However, survival rates
of day 7 early hatching blastocysts were indic-
ated higher than those of two other develop-
mental stage embryos. In addition, when in vitro
survival of vitrified early hatching blastocysts
according to embryo container was compared,
the results of V-G group (98.3, 95.0%) were sig-
nificantly higher than those of V-S group (85.0,
65.0%) at 24 h and 48 h post warming, respect-
ively (P<0.05, P<0.001).

IV. DISCUSSION

These data demonstrate that more simple and
efficient cryopreservation of Hanwoo IVM /
IVF /IVC blastocysts can be obtained by vitrifi-
cation method using electron microscope grid
(V-G). In previous study (Park et al., 1998), we
already reported that in vitro produced Hanwoo
blastocysts can be successfully cryopreserved
by simple two-step vitrification method using
straw (V-S) and EFS40 freezing solution. How-
ever, in this study, the faster developed em-

Table 4. In vitro survival of vitrified day 7 Hanwoo blastocysts according to embryo development

stage and embryo container

. No. of No. of No. (%) of embryos survived after warming
Embryo Container embryos embryos 24 h later 48 h later
stage type .
examined recovered >Re-edB >HgB HdB
Earl Straw 75 75(100.0) 42(56.0)® 27(36.0)? 17(22.7)*
Iy N
blastocyst Grid 81 81(100.0) 47(58.0) 24(29.6) 21(25.9)
156 156(100.0) 89(57.1)* 51(32.7)* 38(24.4)*
Straw 87 83( 94.8) 72(86.7)>t 59(71.1)° 44(53.0)>1
Expanded Grid o " 0T
blastocyst ri 87 87(100.0) 72(82.8) 66(75.9) 59(67.8)"
174 170( 98.5) 144(84.7)* 125(73.5)" 103(60.6)*
Early Straw 60 60(100.0) 51(85.0)>" 48(80.0)" 39(65.0)°
hatching Grid 60 60(100.0) 59(98.3)b% 59(98.3)¢ 57(95.0)¢
blastocyst 120 120(100.0) 110(91.7)* 107(89.2)=* 96(80.0)*

Means in the column without common superscripts are significantly different(P <0.001)?°, *=*(P<0.05) 1'%,



bryos in V-G group were tend to significantly
higher survival in vitro than those of V-S group
after warming. This difference was indicated
very high in early hatching blastocysts which
has re-expanding morphology from shunken state
caused by osmotic difference between blastocoel-
e fluid and culture medium from the zona rup-
ture. Almost of vitrified-early hatching embryos
using EM grid were hatched from their zona at
48 h after warming, This result indicated that
hatching stage embryos were also efficiently
utilized for future use. Embryo cryopreservation
using EM grid was originally designed for the
vitrification of exceedingly chilling sensitive
Drosophila embryos (Mazur et al., 1992; Step-
onkus et al., 1993). As described in Table 1,
V-G method is more simple and time saving
than V-S method. However, recent most at-
tempt to improve the cryopreservation of bovine
embryos have been directed the simplification
of freezing /thawing procedures. Vitrification
method using EM grid for the cryopreservation
of bovine oocytes was firstly introduced by Mar-
tino et al. (1996). In their study, they demon-
strated that in vitro survival of vitrified-warmed
oocytes using EM grid was significantly high-
er than that of using straw. They denoted that
these results were may be caused by the charac-
teristic of grid which has about thee fold higher
cooling rates than those obtained with straw, It
has known that the increased rate of cooling
and warming may considerably decrease the chil-
ling injury of in vitro produced bovine embryos,
In addition, in our previous study (Kim et al.,
1998a, b), it proved that innate developmental
capacity of bovine immature or mature oocytes
vitrified and thawed by using EM grid can be
maintained. Although cryopreservation is now a
routine procedure, considerable differences of
efficiency exist depending on stage, species and

origin (in vive or in vitro produced) (Fahning and

Garcia, 1992). Generally, in vitro produced em-
bryos were much more sensitive to freezing
than in vivo derived counter parts (Leibo and
Loskutoff, 1993). But, recently reported improv-
ed survival rates after cryopreservation of in vit-
ro produced morulae and blastocysts are attrib-
uted more to the improved culture conditions
than changes in the cryopreservation tech-
nology itself (Voelkel et al., 1992; Massip et al.,
1995). In our culture system using CR1 medium,
45.3% blastocysts from cocytes were developed
at day 7 after IVF. Also, for this study, 810 of
day 7 healthy blastocysts were used. Especially,
in expanded and early hatching blastocysts prod-
uced in vitro at day 7, using V-G method, 67.8,
95.0% of hatching out embryos were obtained at
48 h after warming, respectively. These embryo
survival in vitro were not bad compared to that
of Mamoudzadeh group (1995) (68.8% /expan-
ded blastocysts) observed till 72 h after thaw-
ing. But, day 7 delayed developed blastocysts
(early blastocysts) have been shown to be more
sensitive to chilling injury than fast developed
blastocysts (expanded blastocyst and early hat-
ching blastocyst), irrespective of embryo con-
tainers, Their survival in vitro was significantly
lower than those of other two groups. However,
to compare the survival between two container
types, re-expansion of embryos in V-G group
was seem to carry out fast than that in V-§
group (Data not shown), In addition, cryopro-
tective agents were very intimately related with
embryo survival (Tachikawa et al., 1993). From
the year 1990, EFS is widely used to cryopres-
erve the various stage embryos of several spe-
cies, which permeates the cell rapidly and has
low toxicity. Until now, in our lab, using EFS
freezing solution, we tried to find the freezing
method covering a wide range from immature
oocyte to hatched blastocyst, thus appropriate

concentration of freezing solution and treatment
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method according to embryo stage were devel-
oped. By this report, in cryopreservation of
IVM /IVF /IVC.Hanwoo blastocysts, two-step
vitrification method using EM grid and EFS40
freezing solution was very efficient, particularly
at the day 7 expanded and early hatching blas-

tocysts.
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ALkl 5t uigtE T [Hi 25 E] SOfx] Miks fl8t MAH|
1. 8t uljetZ 7 uiE ZhHsIRN S 8% olu 4IHoR walst Sdshs WY

Aog ., S, s, ARAR HEr, oA, WA, SAR, SiE:, BYY, AN’
ubeoh 7)ol ATL, 29N, ot YL, AT HUhe

2 Age A9 AdE a9 vty A 52 /68 e 2R AT A 74A
o] AR wlukx ) ulEe S84 EFS40(40% ethylene glycol, 18% ficoll, 0.3 M sucrose 28] % 10%
FBS7} 3718 m-DPBS)# embryo container$l EM grid(V-G) E£ straw(V-S) & o] &3j4 2&3F
Astgict. 43 §dle F Y BF 2842 Ao, A V-G W] 287 37, V-5 ¥
o] 3,583} 108 Zt &8 =itk A9 A& Frke §8 F 24N VA S AW FLF} BATH S REER
ZAbstc), & A dojRA At thid g} B3 uEo|ul g o) 48ty FAY =27 $ARA
9] P37} ule] AFS) wiAE FFL AR vl §3 F 2447, 5EY =&57(100.0%) 9] A3e
) =2(100.0%) # Aol7t glley, F FAF(V-G: 87.8%, V-S: 77.8%) 2] AEE3 vjas] & of 9
Al BRHP<0.001). 22}, §-3) F 48A A 2 2229 ¥318-& =AU v, V-GE(67.8%) &
V-S#(53.3%) Br} f-98lA A velten (P<0.05), 29 &7 (73.3%) 3% 28 2ol & et
W] @orth, = sierggA (7], WA, 2327 wux)s} FA9 AHLE embryo container(EM
grid, straw) 7} 2| ¢ A= &) v G5 FA)9 239 ¥, embryo containerel] Ah#-glo] M2
gy wkEs)urt R wadshe dARER T f28 B2 AEEE JERIUTH( &) 57.1, 24.4%:
WH: 84.7, 60.6%: F&27]: 91.7, 80.0%) (P<0.001). 53], 53 wukxrlu]e} 23}z 7] wiubx]u]o
A, &3 F 48N, V-G (67.8, 95.0%) 2] Ral&o] V-SZ(53.0, 65.0%) ok f-25kA &4 vhelt
FAA EM grid¢] #44< 0T = AJHP<0.05, P<0.001). wk2br, 3¢ vjutE sl EM grid
€ AMgshe 248 FANY LR HASHIME B80T HFHoE FHEEY 7 vk AS 4%
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