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Sgd `hl ne sghr rstcx v`r sn hmudrshf`sd vgdsgdq hmghahm @
`mc.nq `bshuhm @ ok`x ` qnkd hm sgd `bpthrhshnm ne nnbxsd bnl,
odsdmbd ctqhmf sgd ŝm`k rs`fdr ne nnfdmdrhr- Sgd o`qshbtk`q fn`k
v`r sn drs`akhrg vgdsgdq hmghahm @ `mc `bshuhm @ dwdqs cdudk,
noldms,dmg`mbhmf deedbsr ctqhmf hm uhsqn l`stq`shnm hm rdqtl,
eqdd ldch` `mc vgdsgdq rtbg deedbsr `qd qdk`sdc sn bg`mfdr hm
sgd jhmdshbr ne ldhnshb qdrtloshnm `mc.nq edqshkhy`shnm q`sdr- Bt,
ltktr,nnbxsd,bnlokdwdr 'BNBr( vdqd l`stqdc hm svn bnmsqnk
ldch` 'Ldchtl 088 ZL088\ vhsg gnqlnmdr `mc rdqtl+ gnq,
lnmd,rdqtl bnmsqnk: L088 * /-5$ AR@+ AR@,bnmsqnk( `mc mhmd
sqd`sldms ldch` 'L088 vhsg /-5$ AR@ bnms`hmhmf 0//+ 0/+ `mc
0 mf.lH ne qdbnlahm`ms gtl`m hmghahm @+ qdbnlahm`ms gtl`m
`bshuhm @+ `mc sgd bnlahm`shnm ne sgd svn(- Nnbxsdr vdqd edq,
shkhydc `mc btkstqdc trhmf rs`mc`qc oqnbdctqdr- Bkd`u`fd v`r
`rrdrrdc `s 43 g `mc ak`rsnbxrs cdudknoldms `s 7 c`xr `esdq hm
uhsqn edqshkhy`shnm- Jhmdshbr ne nnbxsd l`stq`shnm `mc sgd edqshk,
hy`shnm q`sdr vdqd du`kt`sdc `esdq ŝwhmf `mc rs`hmhmf 'Gndbgrs
22231( ne nnbxsdr `s 7+ 05+ `mc 11 g `esdq nmrds ne hm uhsqn
l`stq`shnm nq ne oqdrtloshud yxfnsdr `s 01 g `esdq hm uhsqn edq,
shkhy`shnm+ qdrodbshudkx- @ksgntfg sgdqd v`r mn deedbs nm bkd`u`fd
qhsdr+ hmghahm @ `mc `bshuhm @ rhfmhŝb`mskx dmg`mbdc onrsbkd`u,
`fd cdudknoldms `s bnmbdmsq`shnmr ne 0/ mf.lk '46-6 ³ 6-4$
`mc 45-5 ³ 00-6$+ qdrodbshudkx( `mc 0// mf.lH '4/-5 ³ 07-5$
`mc 45-3 ³ 3-/$+ qdrodbshudkx( bnlo`qdc sn sg`s hm sgd AR@,
bnmsqnk fqnto '13-5 ³ 2-1$(- Vgdqd`r hmghahm @, `mc `bshuhm
@,sqd`sdc nnbxsdr rgnvdc cdudknoldms,dmg`mbhmf deedbsr rhlh,
k`q sn sgnrd hm sgd gnqlnmd,rdqtl bnmsqnkr+ sgdrd fqntor che,
edqdc vhsg qdf`qc sn sgd jhmdshbr ne ldhnshb qdrtloshnm- Khjd,
vhrd+ sgd dmg`mbdc cdudknoldms ne sgd gnqlnmd,rdqtl bnmsqnk
`mc sgd hmghahm @.`bshuhm @,sqd`sdc nnbxsdr v`r mns qdk`sdc sn
hmbqd`rdc edqshkhy`shnm q`sdr qdk`shud sn sgd AR@,bnmsqnk- Sgdrd
qdrtksr rtffdrs sg`s hmghahm @ `mc `bshuhm @ l`x ok`x hlonqs`ms
qnkdr ctqhmf sgd ŝm`k rs`fdr ne nnfdmdrhr `mc sg`s qdbnlahm`ms
hmghahmr `mc `bshuhmr `qd trdetk bnlontmcr enq sgd cdudknoldms
ne ` rdqtl,eqdd btkstqd rxrsdl enq hm uhsqn l`stq`shnm ne nnbxsdr
eqnl b`sskd `mc onrrhakx nsgdq l`ll`kh`m rodbhdr-

HMSQNCTBSHNM

Culture conditions for in vitro maturation of mammalian 
oocytes have a signiþ cant effect on subsequent embryo de -
velopment [1ð4]. Until now, the most successful and there-
 fore most widely employed culture systems for in vitro mat -
uration of bovine oocytes use a complex culture medium 
such as Tissue Culture Medium 199 supplemented with 
sera, gonadotropins, and estradiol. Whereas some studies 
emphasize the importance of addition of hormones during
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in vitro maturation [5, 6], others have questioned its beneþ t 
[2, 7ð9]. Furthermore, the heterogeneity of serum is known 
to produce highly variable effects on cultured embryos or 
cells and interferes with studies that aim to investigate 
mechanisms during oocyte maturation. Consequently, var-
 ious attempts have been made during past years to develop 
a serum-free and chemically deþ ned culture system. Al-
 though in vitro maturation in hormone- and serum-free me -
dium can be successful in producing bovine embryos [5,
6, 8, 9], the addition of serum to maturation medium re -
mains important for producing the highest rate of blastocyst 
development in vitro, suggesting that there are unknown 
serum-derived factors that are enhancing embryo develop -
ment [10].

In the search for such competence-inducing factors, var-
ious growth factors found in serum have been used to re-
place serum and/or hormones during maturation. In recent
studies, however, neither epidermal growth factor nor in-
sulin-like growth factors had development-enhancing ef-
fects when added during oocyte maturation [11, 12]. In con-
trast, supplementation of maturation medium with follicular
ÿ uid, which is a major source of inhibins and activins, fa-
vored embryonic development [10, 13ð16], suggesting that
inhibins and activins may play a role in the acquisition of
developmental competence during oocyte maturation. In
fact, the production of and speciþ c binding sites for the |
and }A subunits of inhibins and activins have been de-A subunits of inhibins and activins have been de-A
scribed in follicle cells of the ovary [17ð19]. Interestingly,
they are also present in the zona pellucida surrounding the
oocyte [19]. Paracrine regulation of folliculogenesis by in-
hibins and activins has been extensively investigated (see
Mather et al. [20], Findlay [21], and Vale et al. [22] for
reviews), whereas potential effects of these glycoproteins
on the oocyte are largely unknown. There are some equiv-
ocal reports on effects of inhibins and activins on the re-
sumption of meiosis; some studies indicate that addition of
inhibin delays [23] and activin stimulates germinal vesicle
breakdown [24, 25], whereas others report no effect of ac-
tivin [23, 26, 27]. Maturation-enhancing effects of inhibins
and activins were proposed in studies in which recombinant
human inhibin A and activin A favored primate oocyte mat-
uration and fertilization in a synergistic fashion [28], and
also in a study in which inhibin levels in porcine follicles
were doubled when the oocytes had resumed meiosis in
comparison to the levels found in follicles with a germinal
vesicle stage oocyte [29]. Although these results demon-
strate that inhibins and activins exert effects during in vitro
maturation, the importance of such effects on subsequent
embryonic development has, to our knowledge, not been
investigated.

Therefore, the aim of this study was to assess the effects 
of inhibin A and/or activin A during in vitro maturation on 
the development of bovine embryos to the blastocyst stage. 
We examined the effects of various dosages of inhibin A
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and activin A added during in vitro maturation in hormone-
and serum-free medium. Secondly, we examined whether 
such effects are related to effects on the kinetics of meiotic 
resumption or on fertilization.

L@SDQH@KR @MC LDSGNCR

Rntqbd `mc Rdkdbshnm ne Nnbxsdr

Ovaries were collected at a slaughterhouse from cows 
with normal-cycling or early stage pregnant reproductive 
tracts and were transported at 30ð35ÁC to the laboratory. 
Antral follicles with diameters between 2 and 8 mm were 
punctured, and the follicular ÿ uid aspirates were pooled and 
allowed to sediment. Cumulus-oocyte complexes (COCs) 
with a compact cumulus and homogenous ooplasm were 
selected and then washed in Hepes-buffered Medium 199 
(M199; Gibco Life Technologies, Grand Island, NY) con-
taining 50 Hg/ml gentamycin (Sigma Chemical Company, 
St. Louis, MO) and 22 Hg/ml pyruvate (pyruvate sodium 
salt, crystalline; Sigma) before they were placed in matu-
ration medium.

Dwodqhldms 09 Deedbs ne U`qhntr Cnr`fdr ne Hmghahm @+
@bshuhm @+ nq sgd Svn hm Bnlahm`shnm

`( Sqd`sldmsr `mc bnmsqnkr ctqhmf hm uhsqn l`stq`shnm- A 
total of 750 bovine COCs were used for this experiment. 
Human recombinant inhibin A and activin A, provided by 
Genentech (South San Francisco, CA), in stock solutions 
of Tris buffer (0.15 M NaCl/0.05 M Tris, pH 7.5) were 
serially diluted in M199 containing 0.6% BSA as protein 
supplement (albumin, bovine, essentially fatty acid free; 
Sigma; the same lot was used in all experiments). Previous 
experiments (unpublished results) and another study [8] 
have indicated that the addition of BSA to M199 during 
maturation had no negative effects on any parameters of 
embryonic development. Generally, all maturation media 
consisted of M199 containing 22 Hg/ml pyruvate and 50 
Hg/ml gentamycin. Controls were either 1) a òhormone-
serum control,ó composed of M199 with hormones (LH-
like: 50 Hg/ml, chorionic gonadotropin; Ayerst, St. Laurent, 
PQ, Canada; FSH: 0.5 Hg/ml, Folltropin-V, Vetrepharm, 
London, ON, Canada; estradiol-l7}, 1 Hg/ml, Sigma) and 
10% fetal calf serum (FCS; Gibco), or 2) the òBSA-con-
troló composed of M199 with 0.6% BSA. The nine treat-
ment media consisted of BSA-control medium with various 
dosages of inhibin and activin added. Three treatment me-
dia were supplemented with inhibin A at dosages of 100, 
10, or 1 ng/ml; three contained activin A at dosages of 100, 
10, or 1 ng/ml; and the remaining three contained inhibin 
A and activin A combined at dosages of 100, 10, or 1 ng/ml 
each. In each experiment a group of 10 COCs per treatment 
was matured in 20-Hl droplets of maturation medium under 
oil at 39ÁC in an atmosphere of 5% CO2 in air. Depending 
on oocyte harvest on the day of the experiment (110ð140 
oocytes), 1ð3 of the 11 groups could be done in duplicate.
a( Hm uhsqn edqshkhy`shnm+ dlaqxn btkstqd+ `mc du`kt`shnm-

After a 24-h maturation period, the percentage of fully ex-
panded versus incompletely expanded cumuli was deter-
mined. COCs were then washed and fertilized in Tyrodeõs 
albumin lactate pyruvate (TALP) medium as described by 
Parrish et al. [30]. Motile spermatozoa were obtained by 
centrifugation of frozen-thawed spermatozoa on a Percoll 
discontinuous gradient (1 ml at 45% over 1 ml at 90%) for 
30 min at 700 Į g at room temperature [8]. Viable sper-
matozoa were counted in a hemocytometer and diluted in

TALP to a þ nal concentration of 1 Į 106 spermatozoa/ml 
in 50-Hl fertilization droplets. After a 22-h coincubation of 
spermatozoa and oocytes, presumptive zygotes were de-
nuded by vortexing for 1 min and then placed under oil in 
50-Hl droplets of INRA Menezoõs B2 medium (Laboratoire 
C.C.D., Paris, France) supplemented with 10% FCS in the 
presence of bovine oviductal epithelial cells, as described 
by Xu et al. [31]. Embryos were evaluated for cleavage at 
54 h after fertilization, and 50 Hl of fresh B2 medium was 
added to each droplet on Day 5 of culture. On Day 8 of 
culture the percentage of blastocysts and hatched blasto-
cysts per oocytes was evaluated.

Dwodqhldms 19 Deedbsr ne Hmghahm @+ @bshuhm @+ nq sgd
Bnlahm`shnm ne sgd Svn nm Jhmdshbr ne Ldhnshb
Qdrtloshnm

Since 10 ng/ml inhibin A and activin A added to mat-
uration media favored subsequent embryonic development 
(see Results), this dosage was used to test effects induced 
by activin A and/or inhibin A during in vitro maturation 
on the kinetics of meiotic resumption and on fertilization. 
In a manner similar to that for experiment 1, 10 COCs/20 
Hl maturation medium were matured in two controls (hor-
mone-serum control and BSA-control) and in three treat-
ment groups (10 ng/ml inhibin A, 10 ng/nil activin A, or 
10 ng/ml each of inhibin A and activin A combined). To 
evaluate effects on kinetics of nuclear maturation, COCs 
were removed from the maturation medium after 8 h, 16 h, 
or 22 h. Cumulus cells were then removed by vortexing for 
4 min in PBS (Dulbeccoõs PBS; Gibco) containing 0.1% 
hyaluronidase (type I-S, from bovine testes; Sigma), and 
the denuded oocytes were þ xed in 10% formalin (accustain, 
formalin solution, 10% neutral buffered) for 15 min, after 
which they were maintained in saline at 4ÁC. To visualize 
the chromosomes under a microscope equipped with epi-
ÿ uorescence and ultraviolet þ lter block (330ð380 mm ex-
citation and 420 nm emission; Nikon, Tokyo, Japan), oo-
cytes were mounted on slides with a mounting gel prepared 
from Mowiol (Mowiol 40ð88; Aldrich Chemical Company, 
Milwaukee, WI) that contained 0.2% of a Hoechst stain 
stock solution (0.1% of bis-benzamide, Hoechst no. 33342, 
trihydrochloride dissolved in distilled water. Three stages 
of nuclear maturation were chosen to determine the kinetics 
of meiotic resumption as described by others [4, 32, 33]. In 
each group the number of oocytes that had reached meta-
phase I (maximally condensed chromosomes, grapelike 
structure with a bright ÿ uorescence) at 8 h, telophase I (two 
equally spread groups of condensed chromosomes) at 16 h, 
and metaphase II (contracted metaphase chromosomes and 
the tightly packed, smaller and highly ÿ uorescent polar 
body chromosomes both present) at 22 h were recorded. 
Chromosome conþ gurations were evaluated in a total of 
419 oocytes in four experiments.

Dwodqhldms 29 Deedbsr nm Edqshkhy`shnm Q`sd ne Hmghahm @+
@bshuhm @+ nq sgd Bnlahm`shnm ctqhmf Hm Uhsqn L`stq`shnm

As for experiment 2, þ ve different maturation conditions 
(two controls and three treatment groups) were used to test 
the effects on fertilization of inhibin A, activin A, and the 
combination of the two during in vitro maturation. In vitro 
fertilization was carried out as described for experiment 1. 
For the evaluation of pronucleus formation, a total of 177 
oocytes in three experiments were evaluated. Presumptive 
zygotes were removed 12 h after onset of in vitro fertiliza-
tion, vortexed for 1 min in M199 containing 10% FCS to




