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purpose of the study was to evaluate whether a period of co-culture with bovine
oviduct epithelial cells (BOEC) could improve the tolerance of bisected bovine
embryos to freezing and thawing. Day 6 embryos were bisected and the resulting
demiembryos were stained with Hoechst 33342 and cell counts were made by count
ing intact blastomere nuclei. Of these, 11 were stained as freshly manufactured demi
embryos, 25 after co-culture for 24 h with BOEC and 37 stained after 24 h co-culture
and freezing and thawing . The staining revealed, that there was no significant diffe
rence in cell count of demiembryos that were stained immediately after bisection,
compared to those, that were co-cultured for a 24 h period. Also , the co
cultured/frozen/thawed demiembryos had a significant decrease in cell numbers com
pared to the non-frozen demiembryos. We conclude, that a 24 h period of co-culture
with BOEC does not result in appreciable cellular proliferation in demiembryos and
therefore instead of improving the survival of frozen/thawed demiembryos by giving
them opportunity to multiply their cell number and thus make them more resistant to
cell damage, rather compromised the viability of cryopreserved demiembryos.

co-culture; freezing; eel/number; staining.

Introduction

Transfer of bovine demiembryos , may yield a
lower pregnancy rate than the transfer of
intact embryos possibly due to the reduction
in cell numbers (Willadsen 1982, Lehn-Jensen
& Willadsen 1983, McEvoy & Sreenan 1990,
Schwidersky et al. 1990, Holm et al. 1991,
Schmidt et al. 1992). Besides reducing the
blastomeres to half the number, the micro
manipulation process itself results in loss of
cells from the demiembryos (Chesne et al.
1987, Niebart et al. 1988, Skrzyszowska &
Smorag 1989). However, a holding period of
1;-1 hour following bisection is sufficient to
allow repair of the actual damage inflicted by
microsurgery (Albihn et al. 1990).

Freezing of demiembryos results in lower
pregnancy rate and viability than freezing of
intact embryos (Picard et al. 1985, Lehn-Jen
sen, 1986 Picard et al. 1988, Seike et al. 1991,
Schmidt et al. 1992) possibly due to a further
reduction in the blastomere number, (for
rewiev, see Niemann, 1991.)
The aim of the present study was to examine
whether co-culture of demiembryos on
bovine oviduct epithelial cells (BOEC) for 24
h prior to freezing would give the demiem
bryos opportunity to increase the number of
blastomeres and in this way make them more
competent to survive freezing.
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Materials and Methods
Superovulation and embryo collection
Ten days after estrus dairy cows and heifers
were treated with 35 mg FSH (Folltropin
VetR, Coopers Animal Health Ltd) in a
decreasing dosage regimen for 4 days. Seven
ty-two h after the initial FSH treatment a
single injection of prostaglandin (Estrumat
VetR, Coopers Animal Health Ltd) was
administered to induce luteal regression .
Artificial insemination was performed 12 and
24 h after the onset of standing heat. Flush
ings were performed 6 days after heat with
Dulbeccos PBS containing 36 mg/l pyruvate,
1000 mg/l glucose, 25 mg/l kanamycinesul
phate and 0.5% heat inactivated fetal calf
serum (FCS).
The embryos were washed and stored in the
PBS with 10% FCS until morphological eval
uation and onset of bisection.

Bisection ofembryos
The embryos were bisected within a droplet
of PBS containing 20% FCS under a com
pound microscope using 2 Leitz micromani
pulators. While fixed with a holding pipette,
embryos were bisected symmetrically with an
opthalmic blade (Beaver,USA). The bisec
tion was done inside or outside the zona and
with a transfer pipette the one half of the
embryo was returned to the original zona ,
and the other half to a surrogate zona from
the same donor or from another donor
flushed at the same day.
A total of 93 demiembryos were used in this
study.

Culture ofdemiembryos before freezing
Bovine oviduct epithelial cells (BOEC) were
prepared from slaughterhouse oviducts, as
previously described (Schmidt et al. 1990).
The demiembryos were cultured for 24 h on
a confluent monolayer of BOEC in TCM-199
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with Earles salts supplemented with 10%
FCS,2 mM glutamine, penicilline 200 i.u.lml,
streptomycin 200 ug/ml, fungizone 2.5 ug/ml
in 5% CO2 in humified air at 38.5°C.

Freezing/thawing ofdemiembryos
After the culture period, some of the demi
embryos, which by a morphological evalution
were judged as viable, were frozen. The
freezing medium consisted of 10% sterile
glycerol in Dulbeccos PBS supplemented
with 10% FCS. The demiembryos were equi
librated in the freezing medium for 20 min at
room temperature (21°C), aspirated in 0.25
ml straws, which contained 1 demiembryo
and were placed at _6°C for 10 min in the
chamber of an automatic alcohol embryo
freezer (Julabo HC, FP 50). After seeding,
the straws were cooled to -35°C at a cooling
rate of -OAoC per minute after which they
were plunged into liquid nitrogen and stored
at -196°C.
Thawing was done 1-6 months later in air for
1 min at room temperature. The demiem
bryos were placed in 1.0 M sucrose for 6-8
min. and subsequently transferred to PBS
with 10% FCS and evaluated for stage of
development and embryo quality grade.
A few demiembryos (n=6) were lost under
the processes and some of the embryos were
obviously degenerated at the end of the cul
ture or freezing period, (about 25%) and
were not included in this study.

Staining
Demiembryos, which by a morphological
evaluation were considered viable (n=73) ,
were stained to vizualize the blastomeres;
immediately after bisection (n=l1), after co
culture (n=25) or after co-culturetfreezing/
thawing (n=37). Embryos were placed into
Hoechst 33342 (Sigma) at 20 ug/ml for 5-10
min at 37°C. They were washed once and
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mounted on a glass slide under a coverslip
supported by a ring of vaseline , and then
observed under a Zeiss CM 35 flourescence
microscope at 400 X. Only unlysed nuclei
from intact blastomeres were counted.

Statistical Analysis
The data were statistically analyzed using the
Chi-square test (SAS Institute, 1988) with a
level of significance of p < 0.05.

Results
Culture prior to freezing
Staining of 36 non-frozen demiembryos
made it possible to asses the number of blas
tomeres before and after co-cultu re. Table 1
shows that the major proportion of the demi
embryos contained 20-50 blastomeres. Apart
from an apparent reduction in the proportion
of demiembryos containing more than 50
blastomeres after the 24 h culture period
(27% before versus 20% after), no signifi
cant differences were found .

Freezing/thawing
The influence of freezing/thawing on the sur
vival of the demi-embryos was evalua ted by
staining of 37 cultured-frozen-thawed demi
embryos (Table 1). As before freezing the
largest group still had 20-50 blastomeres.
However, non of the demiembryos contained
more than 50 blastomeres afte r freezing
thawing (p < 0.01).

Discussion
The objective of the present study was to
make the demiembryos more resistant to the
freezing damage by co-culture on BOEC for
a number of h prior to freezing , giving them
an opportunity to regenerate and, since the
restoring of the prebisection morphology
occurs in 30 min (Albihn et at. 1990), to
increase the number of blastomeres during
the culture period.
The study showed however, that co-culture
for 24 h prior to freezing/thawing of demiem
bryos did not improve their viability assessed
by the number of blastomeres. Most of the
demiembryos contained 20-50 blastomeres,
which is in agreement with Lehn-Jensen &
Willadsen (1983), who found that demiem
bryos contained 29-55 normal blastomeres
before freezing . Niebart et at.(1988) found by
staining half bovine embryos from young
blastocysts, that the demiembryos contained
30-43 cells and the bisection resulted in a loss
of approximately 9%.
Culture prior to freezing of zonafree demi
embryos was attemted by Chesne et al.(1987)
who concluded that a short 4-6 h culture
period before freezing was beneficial. On the
other hand, Armas et al. (1992) found degen
eration and dispers ion of the cells in demi
embryos already after 6 h culture, and after
24 h culture , they found a pregnancy rate of
0% . A similar reduction in viability was re
gistred by Lucas -Hahn & Niemann (1991)

Tab le 1: Distribution of fresh, co-cultured (24 h) and frozen-thawed demiembryos according to the number
of blastomeres counted after staining with Hoechst 33342 (Sigma).

Derni- No.of No . of blastomeres
embryos dem i-

embryos <10 10-20 20-50 50-100 >100

Fresh 11 3 5 2 1
Co-cultured 25 1 7 12 2 3
Co-cultured 37 7 11 19
and frozen

Act a vet. scand. vol. 33 no. 4 - 1992



366 M. Schmidt et al.

who cultured the demi-embryos 1-3 h before
the freezing process, and found a survival
rate of 71% immediately after thawing.
However, after 24 h culture the survival rate
was reduced to 28% and the authors suggest
ed, that new freezing procedures or new co
culture systems (Lucas-Hahn 1992) were
needed to overcome the enormous sensitivity
of demiembryos to freezing and thawing.
Finally Schmidt et al.(1992) found that 67%
of 243 fresh demiembryos developed in 24 h
culture while approximately 90% of intact
embryos developed. Only 28% of 32 cul
tured/frozen/thawed demiembryos survived
24 h co-culture compared with 64% of intact
embryos.
In Table 1 it is seen, that the number of dem
iembryos containing many blastomeres was
slightly lower after culture and significantly
decreased after freezing/thawing. A few of
the demiembryos (n=4) contained more than
100 cells, which could indicate an uneven
bisection. But since the size of the 2 halfs
from each embryo were not registered, this
study did not allow an accurate assessment of
its influence upon the subsequent cellnumber
of the demiembryo.
Thus, the present study showed that co-cul
ture prior to freezing instead of improving
the survival of frozen demiembryos by giving
them opportunity to multiply their cell num
ber and thus make them more resistant to
freezing damage, rather reduced their cell
number. The freezing/ thawing process made
another decrease in the number of cells, and
thus further compromising the viability of
cryopreserved demi-embryos.
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Sammendrag
Blastomer antal i dyrkede/nedfrosne bovine demien
bryoner.

Tidligere forseg har vist, at dyrkning med BOEC
ikke forbedrer frysbarheden af halve kveg
embryoner, demiembryoner. Hensigten med denne
dyrkningsmetode skulle veere, at give demiernbryo
nerne tid til at restituere sig efter mikromanipula
tionsprocessen og give dem lejlighed til yderligere
at forage celleantallet, saledes at de bliver mere
velegnede til at overleve frysningen . Formalet med
narveerende forseg var at fA et indtryk af celleantal
let i dyrkede og frosne demiembryoner ved at farve
med Hoecht 33342 (Sigma) . Af 73 farvede og
bedemte demiembryoner var de 11 friske , de 25 var
dyrkede i 24 timer med bovine ovidukt epithel eel
ler (BOEC), og de 37 var dyrkede, frosne og
opteede ,
Resultaterne var, at der efter en 24 t dyrkningsperi
ode skete et mindre, ikke signifikant fald i antallet
af demiembryoner med norrnalt antal blastomerer,
men efter frysning og optening viste der sig at veere
significant frerredemiembryoner end f0r frysningen
med det norrnale antal celler. Det frerngar saledes ,
at det ikke var muligt at forage antallet af blasto
merer i demiembryoner ved at dyrke med BOEC,
og at fryseprocessen reducerede celle-antallet
yderligere.
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