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Abstract: The objective of the present experiment was
to compare the effects of different maturation media on
developmental capacity of in vitro fertilized bovine oo-
cytes when co-cultured with bovine oviduct epithelial cells
(BOEC) or cumulus cell monolayer (CCM). QOocytes as-
pirated from follicles of 2-5mm in diameter were divided
into 4 groups and incubated for 22-24 h. Medium for
control group was TCM 199 with 10% newborn calf se-
rum (Control group). For the other groups, 30% follicular
fluid (FF group), 10% estrus cow serum (ECS group) or
0.02 AU/ml of FSH and 1 ug/ml of estradiol-B (FSH/E2
group) were added to C group. Frozen-thawed semen
treated with heparin and caffeine were used for ova in-
semination. Oocytes were placed on BOEC (n=572) or
CCM co-culture (n=1,050) and cleavage rate and num-
bers of the stage of morula or blastocyst (morula/
blastocyst stage) were recorded. The percentage of
embryos cleaved were lower in ECS than in other groups
(P<0.05)(27.5%, 27.9%, 18.2% and 23.9% for FF, FSH/
E2, ECS and control group, respectively). Development
to the morula/blastocyst stage was not different among
groups (16.1 to 9.3%). Effect of co-culture with BOEC
or CCM on cleavage and developmental capacity were
not different (P>0.05). The proportion of morula/blasto-
cyst from cleaved ova in FF and ECS groups were
significantly higher than FSH/E2 and control groups
(P<0.01).Fifteen blastocyst were transferred to 15 heif-
ers and two recipients were confirmed pregant at day 30
and 90, and finally 2 male calves were born. The pro-
duction of 2 calves from in vitro matured, fertilized and
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developed embryos was first success in Uruguay. These
results indicate that certain biological fluids such as FF
and ECS induce successful maturation of bovine follicu-
lar oocytes in vitro and that resulting embryos can be
successfully cultured on either BOEC or CCM.
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In recent years, the success of in vitro oocyte matu-
ration and fertilization in cattle has been greatly improved.
In vitro produced (IVP) embryos have become an alter-
native for basic research as well as for improving genetic
resources in animal breeding programs [10, 14]. Al-
though a wide variety of culture media have been used,
a simple and economic culture system to support em-
bryonic development beyond the morula stage is still
required [8]. The use of bovine fluids that mimic physi-
ological events during oocyte maturation, such as
preovulatory follicular biological fiuid (FF), estrus cow
serum (ECS) or the addition of gonadotrophic and ste-
roid hormones have been reported [13, 15-18, 20].
Alternatively, different co-culture systems such as BOEC
and CCM have been utilized for in vitro produced IVP
embryos [3, 7, 12, 19]. The present experiment was
carried out to compare the effects of FF, ECS or follicle
stimulating hormone and estradiol-8 (FSH/E2) added to
maturation medium on capacity of in vitro cleavage and
development of bovine embryos co-cultured with BOEC
or CCM of bovine oocytes. And the present experiment
was first success of production calf from in vitro matura-
tion, fertilized and developed embryos.
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Materials and Methods

Collection and in vitro culture of oocytes: Ovaries
were obtained from a local slaughter-house and trans-
ported to the laboratory at 30-35 °C in physiological
saline solution (0.9%) with 100 ug/ml Gentamicine
(Gentamicine. Laboratories Herix S.A., Montevideo. Uru-
guay) within 3 h of collection. Surface follicles (2-5 mm
in diameter) were punctured with an 18 G hypodermic
needle connected to a 5 ml syringe. Only oocytes with
compact cumulus cells were used. These oocytes were
washed 3 times with aspiration medium Dulbecco PBS
(PBS. Gibco Laboratories, Grand Island, NY, U.S.A))
with 1 mg/ml glucose and 36 mg/l sodium pyruvate
supplemented with 10% Newborn Calf Serum (NCS,
Gibco Laboratories. Grand Island, NY, U.S.A.) and 100
IU/ml Penicillin (Sigma Chemical Co., St. Louis, MO,
U.S.A) and 100 ug/m Streptomycin (Sigma Chemical
Co., St. Louis, MO, U.S.A.)(PBS-NCS). For maturation,
oocytes were washed twice in 25 mM Hepes buffered
TCM 199 with Earle’s Salts (TCM-199. Gibco Laborato-
ries. Grand Island, NY, U.S.A.) supplemented with 0.25
mM of sodium pyruvate, 10% NCS, 100 IU/ml Penicillin
(Sigma Chemical Co. St. Louis, MO, U.S.A.) and 100
ug/ml Streptomycin (Sigma Chemical Co. St. Louis, MO,
U.S.A) (TCM-NCS). Oocytes were cultured for 22—24 h
in 500 ul of the following media: 1) 30% (v/v) follicular
fluid was added to TCM-NCS (FF, n=421); 2) 0.02 AU/
ml Follicle Stimulating Hormone (Antrin. Denka, Japan)
and 1 ug/ml of estradiol-g (Estradiol-8, Sigma Chemical
Co. St. Louis, U.S.A.) were added to TCM-NCS (FSH/
E2, n=410); 3) 10% estrus cow serum was added to
TCM-NCS(ECS, n=373); 4) TCM-NCS (Control, n= 418).
The follicular fluid from a large follicles (>15 mm) was
aspirated aseptically from ovaries with regressing cor-
pus luteum. After centrifuged (400 g, 10 min) follicular
fluid and ECS were heat inactivated at 56 °C for 30 min.
For each maturation group 70 to 100 oocytes were cul-
tured in 500 ul drop for each treatment and were then
covered with paraffin oil (Paraffin oil. E.R. Squibb &
Sons, Inc. Princeton, NJ, U.S.A.). Five replicates were
evaluated for each media and the groups were main-
tained throughout the experiment. All incubations were
conducted at 38.5 °C in 99% relative humidity and 5%
CO, in air.

Preparation of BOEC: The oviducts were collected
at a local slaughter-house and brought in an insulated
container at 5 °C to the laboratory. They were selected
from reproductive tracts containing ovaries with a cor-
pus haemorragicum. For each experimental replicate a

single oviduct was dissected free of connective tissue
and placed in a 90 mm petri dish. The fimbriae were
removed, and the oviduct was grasped with a forceps
and scraped gently toward the infundibulum with a ster-
ile microscope slide. The oviductal tissue pressed out
of the oviduct was transferred to a capped test tube
with PBS-NCE. Tissue was then washed 2 changes of
PBS-NCS and twice again with base TCM 199. Washed
oviductal tissue was suspended in TCM 199 to a ratio
of 1:10 (v/v) then placed in a 25 ml tissue culture flask
and cultured for 24 h. After cultured, oviductal tissue
were mixed by gentle pipetting and 50 ul of the suspen-
sion were added to each 500 ul drop of base TCM 199
culture medium for subsequent culture of zygotes. A
mixed oviductal population of ciliated vesicles and mono-
layer developed over time.

Preparation of CCM: Follicular fluid of 2-5 mm fol-
licles was aspirated and transferred to a 90 mm petri
dish. Oocyte cumulus cells complexes were picked up
from the dish, washed three times PBS-NCS with 10%
NCS and twice with TCM-NCS. The oocytes of these
complexes were aspirated with a small bore pasteur
pipette and discarded. Approximately 20 clumps of cu-
mulus cells were placed in 500 ul drops of TCM-NCS
covered with paraffin oil. Cumulus cells attached to the
bottom of the culture dish and formed a monolayer after
72-96 h. Zygotes were cultured on this monolayer.

Semen preparation: Frozen semen from a single
ejaculate of a Holstein bull of proven fertility was used.
For each insemination 3 straws were thawed in water at
37 °C for 20 sec, washed twice and centrifuged at 500
g for 5 min with modified Brackett and Oliphant medium
(BO)[4] without glucose and bovine serum albumin
(BSA). BO medium was supplemented with 3.884 mg/
m! caffeine (Caffeine sodium benzoate, Sigma Chemi-
cal, St. Louis, MO, U.S.A.) and 0.02 mg/ml heparin
(Heparine. Sigma Chemical, St. Louis, MO, U.S.A.).
Semen concentration was adjusted to 12.5 millions sper-
matozoa/ml using BO dilution medium containing 20 mg/
mi of BSA (Fraction V, Sigma Chemical, St. Louis, MO,
U.S.A.) without heparin and caffeine. Insemination drops
of 100 ul were prepared with this sperm suspension,
with a final concentration of 1.944 mg/ml caffeine, 0.01
mg/ml heparin and 10 mg/ml BSA, covered with paraffin
oil.

Insemination and culture: Incubated oocytes were
taken out of maturation drops, washed in BO medium
containing 10 mg/ml BSA and transferred to insemina-
tion drops (20 to 25 oocytes/drop) with a minimum
amount of medium and incubated for 5 h. After insemi-
nation, ova were washed twice in TCM-NCE and



transferred to each development medium. Development
medium was replaced every 48 h. Observations at 48 h
for cleavage rate and every 24 h up to day 9 for morula
and blastocyst development were made.

Embryo transfer to recipient animal: Fifteen embryos
that developed into blastocyst were transferred non-sur-
gically (n=13, from FSH/E2 group) or surgically (n=2,
from FF group) to the uteri of heifers at day 7 or 8 (day
O=estrus) of the cycle. Pregnancy diagnosis was done
by ultrasound at day 30 and rectal palpation at day 90.

Statistical analysis and experimental design: Experi-
mental design was a 4 x 2 factorial (4 different maturation
media and 2 different co-culture conditions). Cleavage
rate was calculated as a percentage of no of cleaved
from inseminated oocytes. Mean proportions of oocytes
cleaving and developing to morula/blastocyst stage (from
inseminated oocytes and from cleaved ova) were com-
pared by analysis of variance. Influence of maturation
medium, co-culture system and their interaction were
also tested by analysis of variance [21].

Resulits

Rates of cleavage and embryos developed to morula/
blastocyst stages results for each medium in different
co-culture system are summarized in Table 1. The cleav-
age rate for FF, FSH/E2, ECS and control were 27.5%,
27.9%, 18.2% and 23.9% (mean SEM), respectively.
The average of cleavage rate was higher for FF, FSH/
E3 and control groups when compared with ECS
group(P<0.05). Cleavage rate was low for all groups.
The cleavage rate for BOEC and CCM co-cultures was
22.2 + 2.3% and 25.9 = 1.8% (mean SEM), respec-
tively. There was no significant interaction between
maturation medium type and co-culture system.

The greatest proportion of embryos to reach the
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morula/blastocyst stage was achieved with 30% of FF
in co-culture with CCM. However, development to
morula/blastocyst were not different among maturation
groups and co-culture systems (BOEC: 12.6% and CCM:
10.9%, P>0.05). In spite of a low cleavage rate for all
treatments, 9.3% to 16.1% of inceminated ova devel-
oped to morula/blastocyst stage. The proportion of
morula/blastocyst from cleaved ova in FF and ECS
groups were significantly higher than FSH/E2 and con-
trol groups (chi-square test, P<0.01).

Fifteen blastocysts were transferred to 15 heifers and
two recipients were confirmed pregnant at day 30 and
90, finally 2 male calves were born.

Discussion

Present knowledge of requirements of in vitro pro-
duced embryos is based mainly on empirical findings.
Under our experimental conditions there was no differ-
ence among treatments, but in ECS and FF groups,
proportion of morula/blastocyst from cleaved ova had a
tendency to be higher. Oocyte maturation conditions
markedly affects developmental potential of zygotes [14].
We have reported [13] the successful use of FF in oo-
cyte culture. The addition of FF from preovulatory
follicles also increase meiotic maturation and enhanced
embryonic development, which we felt neutralized the
poor rates of cleavage [16, 17]. Fassi-Fihri et al. [6]
found that granulosa cells from pre-ovulatory follicles
enhanced the developmental rate of embryos but no
definitive effect of FF was shown. The effects of hor-
mones addition (FSH and estradiol-B) in maturation
media on subsequent development are variable. Olson
et al. [15] reported lower percentages of cleaved ova
that developed to morula/blastocyst using FSH during
oocyte maturation compared to ECS. The completion

Table 1. Effect of maturation media and co-culture with BOEC or CCM and developed to morula/blastocyst of

bovine oocytes matured and fertilized in vitro!

Groups Cleavage Development

n BOEC? n CCMms mean BOEC ccM mean
FF4 116 25.6+ 1.8~ 305 285+ 15¢ 2750 136 £ 022 173+ 06* 16.1
FSH/E25 178 250+ 1.5+ 232 30.8+ 2.1 279 10.7 + 0.8 7.7+ 23 9.3
ECS6 87 163+ 0.7 286 19.4+ 160 18.2b 140 £ 07+ 111+ 05 12.3°
Control 191 219+ 2.3« 227 252+ 222 2309 12.0 £ 1.9 74+ 0.6 9.3
Mean 222+ 23 259+ 1.8 244 126 £ 09 109 + 1.0 11.8

aDifferent superscripts in the same column were significantly different (P<0.05). 'Proportions of cleavage and de-
veloped morula/blastocyst are expressed as mean values + SEM. 2Bovine oviduct epithelial cells. 3Cumulus cell
monolayers. 4Follicular fluid. SFollicle stimulating hormone/estradiol-B. ¢Estrus cow serum.
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of meiosis was delayed with FSH in oocyte maturation
medium [5]. The addition of E2 did not enhance devel-
opmental capacity of in vitro fertilized bovine oocytes
but ECS increased cleavage and development [17].
Other researchers showed a beneficial effect of ECS on
maturation, fertilization and cleavage rate of bovine oo-
cytes {9, 18, 20]. Our results showed a positive influence
of ECS only on development of cleaved ova to the
morula/blastocyst stage.

The influence of co-culture system on developmen-
tal capacity of in vitro produced zygotes have been
shown. Bavister [1] proposed that the cells in co-cul-
ture may act through the secretion of some beneficial
factors and/or remove detrimental factors. Cells could
also modify the gas environment of the embryos [8].
We, however, could not established any difference be-
tween two different co-culture cells. It is seems that
efficiency of the CCM or BOEC co-culture is apparent
from present experiment resuits. Berg and Brem [3]
reported that the presence of CCM provided superior
conditions for embryo development compared to BOEC.
On the contrary Wiemer et al. [22] have obtained supe-
rior development to blastocysts with co-culture in BOEC
rather than CCM. Goto et al. [11] and Behboodi et al.
[2] found no differences in vitro development when they
compared granulosa and oviductal cell co-cultures, al-
though embryos co-cultured with BOEC developed faster.

The results of the present experiment showed a ten-
dency for FF and ECS supplementation of maturation
medium to increase the proportion of inseminated or
cleaved oocytes reaching the morula/blastocyst stage.
The addition of biological fluids such as ECS and FF
can successfully replace hormones added to maturation
medium. No difference between BOEC or CCM for co-
culture for IVP zygote to the morula/blastocyst stage of
development were found. The production of 2 calves
from in vitro matured, fertilized and developed embryos
was first success in Uruguay.
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BPE bR X 7o (SRR & DHIBTRICL B
D HAZREROEHICS T 2 BEAMERBEORE

C. Laroccal, S. Kmaid!, J.Calvo!, J.E.Romano!, M.Viqueiral, &ih {&2

IV TT A REFRESEE, IyVITTA, EVFETFTS
PEMKEARENR LYY —, BEERHAAEESH T 961

7Y REHAIBT £ 10% HEFHFMEMN TCM199 & X XK
(CIX) & LT, JRRRA % 30% (FFIX), SIE4MiK % 10%
(ECS[X) # L UFFSH & estradiol-B (FSH/E2[X) £ Zh ¥
NEML L 4 BADERABATHMBERETHLV, HER,
PRELRRMRE S 2 3BREEMERE & DHBERIC L V) RERKE
TV PEARBIVREE/HRBEORERELEL L.
WG 48 IR B D HEIE IS ECSRKAMDE L W EH, o 12
# (P<0.05, FF[X27.5%, FSH/E2 X 27.9%, ECS X
18.2% & U CX 23.9%), REKE/HERANDRERIC

BERRONED -/, E/, 2BOLBEEMIBICHE
= RER /EBRAORERICERIBOOAEL > £
(P>0.05). R4 U115 ZEECBHEL £ER,
2BEDORITEBEN, ThZThEELTFEEDQHEL L.
COBENBREICLDITFFEOEERIIINITITAIIE 5L
DN THD. ChoDFERLPS, FFRECSHEIB4E
FEREFOME TR LRI, BOEC £/4ECCMICL D H
BRIBEERCODENTHIZILERLTWVS.
F—D—FK:IVM, IVF, #£iE%E, SBI%, K9384E.





