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on ovine embryo development from the 1-2 cell stage
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Summary &horbar; This study compared the effect of using either CZB or TCM 199 media on both the
development of 1-2 cell ovine embryos from superovulated ewes to the blastocyst stage (Experiment
1), and the hatching process of ovine blastocysts developed in vitro (Experiment 2). For the first 5 d,
the CZB medium showed higher rates of embryo development than the TCM 199 medium (p < 0.001 ).
The embryos reaching the > 16 cell stage were 79 vs 52% and 74 vs 20% with or without an oviduc-
tal monolayer, respectively, and those reaching the blastocyst stage were 71 vs 46% and 46 vs 13%
with or without cells. The CZB medium was less able to support the hatching process of the blastocysts
obtained in the first experiment than was the TCM-199 medium + 10% FCS (fetal calf serum) with
cells (31 vs 92%; p < 0.001) or without cells (13 vs 66%; p < 0.001 No blastocysts completely escaped
from the zona pellucida (ZP) in the CZB medium compared with 80 and 61 % in the TCM 199 medium
with or without cells, respectively. In Experiment 3, 47% of the blastocysts migrated through the arti-
ficial opening of the ZP and hatched completely. After 24 h of culture in the CZB medium, however, they
showed blastocoelic cavity breakdown. During the preliminary cleavages, the ovine embryos developed
better in CZB medium than in TCM 199, but the latter was more efficient in promoting the hatching pro-
cess of the blastocysts.
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Résumé &horbar; Deux systèmes de culture montrant un effet biphasique dans le développement
des embryons ovins du stade 1-2 cellules jusqu’à l’éclosion. Les effets d’un milieu de culture, CZB,
et d’un milieu de culture, TCM 199 + 10% de sérum de veau foetal, ont été observés sur le dévelop-
pement in vitro d’embryons d’ovins du stade 1-2 cellules au stade blastocyste (expérience 1) et dans
le processus d’éclosion des blastocystes produits lors de l’expérience précédente (expérience 2). Le
milieu CZB exerce un effet positif sur le développement embryonnaire par rapport au milieu TCM 199
après culture jusqu au stade > 16 cellules (79 vs 52 % et 74 vs 20%) ou jusqu’au stade blastocyste (71
vs 46% et 46 vs 13%) en présence de cellules et en l’absence de cellules tubaires respectivement. Le
processus d’éclosion est plus faible dans le milieu CZB que dans le milieu TCM 199 soit en présence
(31 vs 92%) soit en l’absence (13 vs 66%) de cellules tubaires respectivement. Dans le CZB (expérience
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3), 47% des blastocystes éclosent par une fente artificielle dans la zone pellucide, mais, après 24 h de
culture, la cavité blastocoelique se dégonfle. Ces résultats montrent que le milieu CZB est plus indiqué
pour le développement précoce d’embryons ovins alors que le milieu TCM 199 est plus efficace au
moment de la phase d’éclosion.
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INTRODUCTION

In mammals, most of the information on the
morphological and biochemical changes of
early embryonic division, including genomic
activation, blastomere compaction, tro-
phoblastic and inner cell mass differentia-
tion, blastocoelic expansion and hatching
from the zona pellucida (ZP), has been
obtained from in vitro experiments. Two cru-
cial events in the process of embryo devel-
opment in vitro are the cleavage block and
the escape of the blastocyst from the ZP.

Embryos of many species encounter an
in vitro development block at different cleav-
age stages. These correspond to the
autonomous transcription of the embryonic
genome when culture conditions are sub-

optimal (Bavister, 1988). In sheep, this block
occurs during the 8- to 16-cell stage (Gan-
dolfi and Moor, 1987) and may be partially
overcome by co-culture in TCM-199 medium
with oviductal-epithelial cells (Gandolfi and
Moor, 1987; Rexroad and Powell, 1988), or
in a synthetic oviduct fluid medium supple-
mented with 20% heat-inactivated human
serum and 5% 02 (Walker et al, 1988;
Walker etal, 1992), or in CZB medium with
or without oviductal monolayer (Ledda et
al, 1991; McGinnis and Young, 1992).

Very few reports exist in the literature
dealing with the process of ovine blastocyst
hatching. Plasminogen activation to plas-
min by the blastocyst may be a mechanism
utilized by the embryo to produce a weak-
ening or sublysis of the ZP. This facilitates
hatching as it is concomitant with blasto-

coelic expansion (Menino and Williams,
1987; Menino et al, 1989). The process of

hatching may also be independent of pro-
tease action, and be due to the mechani-
cal rupture of the ZP by cell proliferation
(Kane, 1983).

In the present study, we examined the
effect of different culture systems on the
development of ovine embryos from the 1-2
cell to blastocyst stage and on their subse-
quent complete escape from the ZP. The
different media used were CZB medium and
TCM-199 supplemented with fetal calf
serum (FCS) with or without oviductal-
epithelial cells.

MATERIALS AND METHODS

Superovulation and embryo collection

Sarda ewes were superovulated by administering
16 mg of follicle-stimulating hormone (FSH-p,
Sigma) every 12 h in 4 doses (6, 5, 3 and 2 mg)
starting 24 h before removal of the intravaginal
sponges (40 mg x 14 g of fluorogestone acetate
(FGA), Intervet). Surgical collection of the
embryos was done 48-52 h after the beginning of
oestrus. The sheep were anaesthetized with
thiopentale sodium and a midline ventral incision
was made to exteriorize and flush the oviducts.
The average number of corpora lutea from the
55 ewes treated and the recovery rate per ewe
were 9.8 ± 4.6 and 72%, respectively. The num-
ber of embryos collected at the 1-2 cell stages
was 325. No attempt was made to differentiate
unfertilized oocytes from zygotes at this time.

The collection medium was Dulbecco’s phos-
phate-buffered saline (PBS) supplemented with
4 mg/ml bovine serum albumin (BSA, Sigma) and
an antibiotic solution of 50 pg/ml streptomycin
and 50 iu/ml penicillin (Sigma). All procedures
were carried out at room temperature and the
interval between flushing and culture was 1-2 h.



Establishment of oviductal cell

monolayers

Ovine oviductal epithelial cells were collected
from the oviducts of sheep slaughtered in the
local abattoir.

The somatic cells were washed twice in PBS

with BSA and an antibiotic solution of strepto-
mycin-penicillin (50 w/ml, 50 iu/ml) and were
placed in TCM-199 with Earle’s salts (Sigma) +
10% FCS (Gibco). The epithelial cells were cul-
tured in 35 mm tissue culture dishes (Falcon) at
39°C in a humidified atmosphere (5% C02 in

air).
The epithelial cell monolayers were used for

co-culture when they had about 80% confluency,
3-4 d after incubation. Before being used for co-
culture, the monolayers were washed 3 times
with CZB medium to remove serum and TCM-

199 with Earle’s salt.

It was possible to maintain the viability of
oviductal cells under these conditions although
5-10% of the cells did not attach.

Media and culture procedures

Ovine embryos at the 1-2 cell stage were cul-
tured in 2 different media: TCM-199 medium,
with Earle’s salt supplemented with 10% FCS,
1 mM of glutamine (Bavister, 1987) and anti-
biotics, and CZB medium, containing 5 mg/ml
BSA (Sigma, Fraction V). The CZB medium was
prepared according to the standard method (Cha-
tot etal, 1989) using cell culture reagents (Sigma)
and ultrapure water (Milli Q system, Millipore).
The medium was sterilized by passing it through
a 0.22 pm Millix GV filter (Millipore). Glutamine
was added immediately before use. A separate
batch of CZB medium, containing 3.3 mM of glu-
cose, was prepared and replaced 48 h after the
beginning of the culture period. The osmolality of
the CZB medium was adjusted to 280-285
mOs/kg with NaCl before use. The pH was 7.5
after equilibration in an atmosphere of 5% C02 in

air.

Experiment 1

After being removed from the flushing medium,
embryos at the 1-2 cell stage were randomly allo-

cated to the following treatment groups: (1) TCM-
199 + 10% FCS over an epithelial cell monolayer;
(2) TCM-199 + 10% of FCS; (3) CZB over an
epithelial cell monolayer; and (4) CZB alone. The
embryos were cultured in 35 mm tissue culture
dishes (10-15 embryos per dish) with 2 ml
medium. These were placed in an incubator at
39°C containing 5% C02 in air. The embryos were
assessed daily for cleavage using an inverted
microscope (Leitz Labovert) and the eggs that
did not cleave after the first 24 h were fixed (acetic
acid/alcohol 1:3) and stained (lacmoid 1 %) to ver-
ify whether or not fertilization had occurred. Those
eggs that were unfertilized were excluded from
the results. Morphological development was eval-
uated up to 5 d of culture when the embryos
reached the blastocyst stage.

Experiment 2

This experiment was designed to evaluate the
potentiality of the embryos developed in Exper-
iment 1 to hatch in vitro. For this purpose, uns-
elected blastocysts developed in one of the dif-
ferent culture systems were monitored

separately, after having been transferred into
either TCM-199 + 10% FCS or CZB medium with

or without oviductal-epithelial cells. Since only
a few embryos developed in TCM 199 alone,
the blastocysts obtained with this culture sys-
tem were equally divided between CZB medium
and TCM-199 + 10% FCS in the presence of
oviductal cells. All the blastocyst groups were
maintained up to 5 d in the same environment as
in the first experiment and were checked every
12 h.

Experiment 3

Compacted morulae, developed in CZB and
TCM-199 media, with somatic cells, as described
in Experiment 1, were micromanipulated (Leitz)
in order to form an incision of 180° on the ZP.

They were subsequently cultured in CZB with
an oviductal monolayer. For a period of up to
5 d all the blastocysts were checked every 6 h to
see if they had escaped from the ZP. All the
micromanipulation procedures were performed
under an inverted microscope (Leitz) fitted with
a micromanipulator (Leitz). The holding pipettes
and microneedles were made from glass capil-
lary tubing using a pipette puller (Clark Instru-
ments).



Statistical analysis

Chi-square analysis was used to compare the
effect of the different culture systems on the devel-
opment and hatching process.

RESULTS

In Experiment 1, the CZB medium, supple-
mented with glucose 48 h after the begin-
ning of culture, enabled a higher proportion
(p < 0.001) of ovine embryos to develop to
the > 16 cell stage than did the TCM-199
medium either with oviductal cells (79 vs
52%) or without (74 vs 20%). The greater
efficacy of the simple medium was demon-
strated by the larger (p < 0.001) number of
blastocysts with oviductal cells (71 vs 46%)
or without (46 vs 13%) (table I).

In Experiment 2, the continued mainte-
nance in the CZB medium permitted a sig-
nificantly lower number (p < 0.001) of blasto-
cysts to hatch in vitro than those that were
transferred into TCM-199 medium either
with oviductal cells (31 vs 92%) or without
(13 vs 66%). In the CZB medium culture
systems, no blastocysts completed the
hatching process and they demonstrated
blastocoelic breakdown (figs 1 and 2). In
the TCM-199 medium, however, either with
the addition of 10% FCS alone or with cells,

a high proportion of the blastocysts hatched
(61 and 80%). The somatic cells had a pos-
itive effect on the blastocyst hatching pro-
cess (p < 0.05) when the TCM-199 medium
was used (table II).

In Experiment 3, 81 % of the manipulated
morulae developed beyond the early cavi-
tation stage and 65% migrated through the
artificial opening. There were 47% that
hatched completely. None of these blasto-
cysts appeared to exhibit the phenomenon
where the ZP thins which is usually found
prior to the moment where the embryo
begins its protrusion through the ZP. How-
ever, after 24-36 h of culture in the simple
medium with somatic cells, blastocoelic cav-
ity breakdown was observed (figs 3 and 4).

DISCUSSION

This study suggested that the CZB medium
was superior to TCM-199 + 10% FCS in
improving the cleavage from the 1-2 cell
stage in ovine embryos to blastocyst for-
mation. This is in agreement with observa-
tions from the first 48 h of bovine zygote
culture (Hernandez et al, 1993). The CZB
medium, however, is unable to promote the
complete hatching process as successfully
as the TCM-199 medium. The positive effect
of CZB may have been the result of a vari-



ation in the exposure time of the embryos to
glucose. Glucose has an inhibitory effect
on the development of ovine embryos if it
is present during the early stages of culture
(Ledda et al, 1991 As has been demon-
strated in mice (Chatot et al, 1989), ham-
sters (Schini and Bavister, 1988) and cat-
tle (Ellington et al, 1990), the presence of
phosphate glucose is detrimental to embry-
onic development at early cleavage because
this compound enhances glycolysis, which,
in turn, inhibits respiratory activity (Seshagiri ri
and Bavister, 1991). Studies on the energy
requirements of mammalian preimplanta-
tion embryos indicates that, in general, pyru-
vate or lactate are the best substrates dur-

ing early development. Glucose utilization,

which is low at this stage, shows a steady
increase with development until the morula
or blastocyst stage (Chatot et al, 1990;
Thompson et al, 1992). Surprisingly, the
positive effect of the CZB medium on ovine
embryos was not confirmed in the later
stages of development, and no blastocysts
cultured in the CZB medium completed an
escape from the ZP. This is in contrast with
the results of Ellington ef al (1990) in cows,
who found that 33% of bovine blastocysts
hatched after 10 d culture in a CZB medium
with an oviductal monolayer. Direct com-
parison between different species regard-
ing the hatching process may not always
be relevant. For example, it has been
observed that the majority of mouse blasto-



cysts fully hatch in vitro, while spontaneous
hatching is rarely observed in human blas-
tocysts (Bolton et al, 1989).

The morphology of the blastocysts
obtained in the CZB cultures appeared nor-
mal and good expansion of the blastocoelic
cavity with thinning of the ZP was observed
via light microscopy. Our results also
showed that these blastocysts completely
hatched when transferred to TCM 199
medium supplemented with 10% FCS with
or without oviductal cells. Moreover, the via-
bility of the embryos cultured in this way to
later develop in vivo was tested with good
results with ovine embryos transferred into
recipient ewes (Ledda et al, 1993). These
data did not confirm a close correlation

between the ability of blastocysts to escape
from the ZP and subsequent in vivo viability.
The effects of TCM-199 may be due to the

presence of serum, which demonstrated

both inhibitory action at the first cleavage
stage and stimulatory action at the com-
paction stage (Pinyopummintr and Bavis-
ter, 1991 However the use of TCM-199
medium with polyvinyl alcohol alone was
also able to hatch ovine blastocysts (data
not shown). It is unclear how TCM-199
medium improves blastocyst hatching. An
explanation for the success of the TCM-199
medium might be that the balance of its
other compounds, which were not present in
CZB, was closer to the optimum for hatching
ovine blastocysts than the simple medium



alone. On the other hand, vitamins, amino
acids or other components such as inositol
may have a key role in the regulation of
embryo growth, as they have been shown to
increase blastocyst expansion and enhance
the process of blastocyst hatching in 3 dif-
ferent species (Kane and Bavister, 1988;
Kane, 1989; Kane et al, 1992). These results
are interesting in view of the role of inositol
lipids in mediating the effect of growth fac-
tors on cell proliferation (Berridge, 1987).

The increased incidence of hatched

blastocysts observed in microsurgically
treated ovine morulae confirms previously
determined data for pigs (Malter and Choen,
1989), mice and humans (Martin et al,
1991 where it was found that an incision in
the zona enhances the ability of blastocysts
to escape from the ZP. However, the effi-
ciency of CZB medium to support this
embryonic stage was very low because
even after the embryos had hatched com-
pletely from the artificial hole, the blasto-
coelic cavity broke down.

Our experiments also demonstrated that
the presence of oviductal epithelial cells in
the TCM-199 medium enhanced the hatch-

ing process and increased, although not
significantly, the number of ovine blasto-
cysts hatched. The specific effect of co-cul-
ture on embryo development in vitro remains
an open question. Whether the epithelial
cells are actively involved in the removal of
embryotoxic substances from the culture
medium (Pampfer et al, 1990) or in the
secretion of proteins with embryotrophic
activity (Gandolfi et al, 1989) remain unre-
solved questions.

Although it is probable that both these
mechanisms occur, at the moment there is

only evidence of the effect for a growth fac-
tor on the hatching process. In fact, the addi-
tion of murine and human leukemia

inhibitory factor to culture media enhanced
the hatching process in mice and sheep,
producing, in these species, a 4-fold
increase in the number of blastocysts escap-
ing from the ZP (Robertson et al, 1991; Fry
et al, 1992).

In conclusion, these experiments sug-
gested that CZB medium can better sup-
port in vitro embryonic development during
the early cleavages but that TCM-199
medium was superior for the hatching pro-



cess when ovine embryos were cultured
either with or without oviductal epithelial
cells.

ACKNOWLEDGMENTS

The authors gratefully acknowledge the help of VB
Walker for the manuscript preparation. This work
was supported by a grant from the National Coun-
cil of Italy, Special Project RAISA, subproject No
3, paper No 2254.

REFERENCES

Bavister BD (1987) Studies on the developmental blocks
in cultured hamster embryos. In: The Mammalian
Preimplantation Embryo: Regulation of Growth and
Differentiation In Vitro (BD Bavister, ed), Plenum
Press, New York, 219-249

Bavister BD (1988) Role of oviductal secretion in embry-
onic growth in vivo and in vitro. Theriogenology 29,
143-154

Berridge MJ (1987) Inositol lipids and cell proliferation.
Biochem Biophys Acta 907, 33-45

Bolton V, Hawes S, Taylor C, Parson J (1989) Devel-
opment of spare human preimplantation embryos in
vitro: an analysis of the correlations among gross
morphology, cleavage rates and development to the
blastocysts. J In Vitro Fertil Embryo Transfer 6, 30-
36

Chatot CL, Ziomek CA, Bavister BD, Lewis GL, Torres I

(1989) An improved culture medium supports devel-
opment of random-bred 1-cell mouse embryos in
vitro. J Reprod Fert 86, 679-688

Chatot CL, Lewis JL, Torres I, Ziomek CA (1990) Devel-
opment of 1-cell embryos from different strains of
mice. Biol Reprod 42, 432-440

Ellington JE, Carney EW, Farrell PB, Simkin ME, Foote
RH (1990) Bovine 1-2 cell embryo development
using a simple medium in the three oviductal epithe-
lial cell coculture systems. Biol Reprod 43, 97-104

Fry RC, Batt PA, Fairclough RJ, Parr RA (1992) Human
leukemia-inhibitory factor improves the viability of
cultured ovine embryos. Biol Reprod 46, 470-474

Gandolfi F, Moor RM (1987) Stimulation of early embry-
onic development in the sheep by co-culture with
oviduct epithelial cells. J Reprod Fert 81, 23-28

Gandolfi F, Brevini TAL, Richardson L, Brown CR, Moor
RM (1989) Characterization of proteins secreted by
sheep oviduct epithelial cells and their function in
embryonic development. Development 106, 303-
312

Hernandez-Ledezma JJ, Villanueva C, Sikes JD, Roberts
RM (1993) Effects of CZB versus medium TCM 199
and of conditioning culture media with either bovine
oviductal epithelial cells or buffalo rat liver cells on the
development of bovine zygotes derived by in vitro
maturation-in vitro fertilization procedures. Theri-
ogenology 39, 1267-1277

Kane MT (1983) Evidence that protease action is not
specially involved in the hatching of rabbit blasto-
cysts caused by commercial bovine serum albumin
culture. J Reprod Fert 68, 471-475

Kane MT (1989) Effects of the putative phospholipid
precursors, inositol, choline, serine and

ethanolamine, on formation and expansion of rabbit
blastocysts in vitro. J Reprod Fert 87, 275-279

Kane MT, Bavister BD (1988) Vitamin requirements for
development of eight-cell hamster embryos to hatch-
ing blastocysts in vitro. Biol Reprod 39, 1137-1143

Kane MT, Norris M, Harrison RAP (1992) Uptake and
incorporation of inositol by preimplantation mouse
embryos. J Reprod Fert 96, 617-625

Ledda S, Loi P, Cappai P, Filia F, Naitana S (1991) Effect
of glucose on early ovine embryos developed in sim-
ple serum-free medium. J Reprod Fert Abstr Ser7, 6

Ledda S, Loi P, Dattena M et al (1993) Development
and viability of ovine embryos cultured in CZB
medium with or without oviductal epithelial cells. 9th
Scientific Meeting of AETE, Lyon, 228

Matter HE, Choen J (1989) Partial zona dissection of
the human oocyte: a nontraumatic method using
micromanipulation to assist zona pellucida penetra-
tion. Fertil Steril 51, 139-148

Martin MJ, Cantley TC, Flowers WL, Day BN (1991)
Effect of cell-free synchronous uterine flushings and
microsurgery on the development of porcine embryos
in vitro. Mol Reprod Dev 30, 100-104

McGinnis LK, Young CR (1992) In vitro development of
ovine embryos in CZB medium. Theriogenology37,
559-569

Menino AR, Williams JS (1987) Activation of plasmino-
gen by the early bovine embryo. Biol Reprod 36,
1289-1295

Menino AR, Dyk AR, Gardiner CS, Grobner MA,
Kaaekuahiwi MA, Williams JS (1989) The effects of
plasminogen on in vitro ovine embryo development.
Biol Reprod 41, 1289-1295

Pampfer S, Vanderheyden I, Michiels B, De Hertog R
(1990) Co-culture of 2-cell rat embryos on cell mono-
layers. In Vitro Cell Dev Biol26, 944-948

Pinyopummintr T, Bavister BD (1991) In vitro-maturedlin
vitro-fertilized bovine oocytes can develop into moru-
lae/blastocysts in chemically defined, protein-free
culture media. Biol Reprod 45, 736-742

Rexroad CE, Powell AM (1988) Co-culture of ovine eggs
with oviductal cells and trophoblastic vesicles. The-
riogenology 29, 387-397



Robertson SA, Lavranos T, Seamark RF (1991) In vitro
models of the maternal-fetal interface. In: Molecu-
lar and Cellular Immunobiology of the Maternal
Fetal Interface (TG Wegmann, TG Gill, E Nisbet-
Browne, eds) Oxford University Press, New York,
191-206

Schini SA, Bavister BD (1988) Development of golden
hamster embryos through the 2-cell block in chem-
ically defined medium. J Exp Zool 245, 111-115 5

Seshagiri PB, Bavister BD (1991) Glucose and phos-
phate inhibit respiration and oxidative metabolism
in cultured hamster eight-cell embryos: evidence for
the &dquo;Crabtree effecf’. Mol Reprod Deve/30, 105-111 1

Thompson JG, Simpson AC, Pugh PA, Tervit HR (1992)
Requirement for glucose during in vitro culture of
sheep preimplantation embryos. Mol Reprod Dev
31, 253-257

Walker SK, Seamark RF, Quinn P et al (1988) Culture of
pronuclear embryos of sheep in a simple medium.
Proc 11 th Int Congr Anim Reprod AI Dublin 4, 483-
485

Walker SK, Heard TM, Bee CA, Frensham Warnes DM,
Seamark RF (1992) Culture of embryos of farm ani-
mals. In: Embryonic Development and Manipulation
in Animal Production (A Lauria, F Gandolfi, eds),
Portland Press, London, 77-92


