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Abstract: The objective of this experiment was to com-
pare the effectiveness of two bulls and two different
semen treatments on rates of in-vitro fertilization of in-
vitro matured bovine oocytes, cleavage and development
of embryos to the stage of morula and blastocyst by us-
ing a 2 x 2 factorial design. Oocytes (n=946) aspirated
from follicles 2-6 mm in diameter were incubated for 20—
22 h in TCM-199 supplemented with 5% calf serum, and
then inseminated with frozen-thawed semen from two
single ejaculates of two Holstein buils of proven fertility.
For the conventional washing method (C), semen was
washed twice by centrifugation at 500 g for 5 min with
modified BO medium (BO: without glucose or bovine se-
rum albumin (BSA)) supplemented with 10 mM caffeine
and 2.5 IU/ml heparin (BO-wash), and then diluted with
the same amount of BO containing 20 mg/mi BSA (BO-
dilute). For the Percoll washing method (P) semen was
layered on a 45 to 90% percoll gradient in a 15 ml cen-
trifugation tube. After 30 min of centrifugation at 700 g,
the sperm pellet was recovered from the bottom of the
tube, and then resuspended in BO-wash and double di-
luted with BO-dilute. With this sperm suspension
insemination drops (100 pl) were prepared and the sperm
was cultured with oocytes for 5 h. Then the oocytes were
transferred to CR1aa supplemented with 5% calf serum
for 7 days. The rates of cleavage and morula or blasto-
cyst development of oocytes fertilized in vitro were similar
in P (14.2% and 7.9%, respectively) and C (17.7% and
7.7%, respectively) methods for bull A, but these rates
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were significantly higher (P<0.005) with C (72.0% and
46.9%, respectively) method than with P (58.7% and
28.2%, respectively) method for bull B. In total rates of
fertilization, cleavage and morula or blastocyst (combined
data for C and P methods) were significantly higher
(P<0.05) for bull B (83.8%, 65.8% and 33.9%, respec-
tively) than those for bull A (42.4%, 16.0% and 7.9%,
respectively). These results indicate that the Percoll wash-
ing method is not superior to the conventional washing
method for in-vitro production of bovine embryos independ-
ently of the significant differences between bulls.
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One of the important factors for successful fertiliza-
tion in vitro in mammals is the proper induction of
capacitation and acrosome reaction of sperm. Differ-
ences among bulls in the ability of sperm to fertilize
oocytes were reported several times with the conven-
tional IVF method [1-3] and considered to be an obstacle
to the worldwide use of this technology [4], and also it
was reported that many factors may interact to produce
non repeatable results with the conventional IVF sys-
tem [1, 3, 5]. To solve this problem the use of heparin
was reported as a substance which collaborates to stimu-
late capacitation of sperm [6, 7]. Most recently Parrish
et al., [8] have recommended Percoll washing for prepa-
ration of sperm for use in routine bovine IVF with
frozen-thawed semen, because they found that a high
percentage of motile sperm can be obtained with Percoll
washing without decreasing the resultant morulae and
blastocysts. Nevertheless, insufficient information ex-
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ists on which procedures are most effective in making
frozen-thawed bull spermatozoa capable of being ca-
pacitated and able to fertilize IVM oocytes resulting in
high rates of in-vitro production (IVP) of embryos.

The objective of the present experiment was to in-
vestigate the variation in frozen-thawed bull spermatozoa
treated by conventional and Percoll washing methods
and the effects of the sperm treatments on the ability of
sperm to fertilize IVM oocytes and IVP of embryos.

Materials and Methods

Collection and in vitro culture of oocytes

Ovaries were obtained from a local slaughterhouse
and transported to the laboratory at 30-35°C in physi-
ological solution (0.9%) with 100 ug/ml Gentamycine
(Gentamycine, Laboratories Herix S.A., Montevideo, Uru-
guay) within 3 h of collection. Surface follicles (2-6 mm
in diameter) were punctured with an 18 G hypodermic
needle connected to a 5 ml syringe. Only healthy-look-
ing oocytes with compact cumulus cells were selected
and washed 3 times with modified PBS (m-PBS: Gibco
BRL, Grand Island, NY, U.S.A.) supplemented with 1
mg/ml glucose, 36 mg/l sodium pyruvate, 5% calf se-
rum (CS, Gibco BRL, Grand Island, NY, U.S.A.), 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). And then oocytes (70 to
100) were cultured for 20~22 h in a drop of 600 ul 25
mM Hepes buffered TCM-199 (199, Gibco BRL, Grand
Island, NY, U.S.A) containing 5% CS covered with par-
affin oil (Mineral oil, E.R. Squibb & Sons, Inc. Princeton,
NJ, U.S.A)). All incubations were conducted at 38.5°C
in 99% relative humidity and 5% CO, in air.

Sperm preparation

Frozen semen from two Holstein bulls of proven fer-
tility were used for the experiments. For each replicate
and semen preparation procedure, 3 straws (0.5 ml)
from each bull were thawed in water at 35°C for 30 sec.
All doses of semen used in the three replicates were
from one ejaculate of each buill.

Conventional sperm washing (C) method

For the first procedure the thawed semen were
washed twice (centrifugation at 500 g for 5 min with
modified Brackett and Oliphant medium (BO) [9] without
glucose or bovine serum albumin (BSA)). BO medium
was supplemented with 10 mM caffeine (Caffeine so-
dium benzoate. Sigma Chemical, St. Louis, MO, U.S.A.)
and 5 1U/ml heparin (Heparin. Sigma Chemical, St. Louis,

MO, U.S.A)). The semen concentration was adjusted to
12.5 x 1068 cells/ml with BO dilution medium containing
20 mg/ml of BSA (Crystallized and lyophilized. Sigma
Chemical, St. Louis, MO, U.S.A.) without heparin and
caffeine. One hundred pl insemination drops covered
with paraffin oil were prepared with this sperm suspen-
sion, with a final concentration of 5 mM caffeine, 2.5 IU/
ml heparin and 10 mg/ml BSA.

Percoll washing (P) method

Motile spermatozoa were isolated by centrifugation
through a two-step Percoll gradient with 90% in the lower
layer (2 ml) and 45% in the upper layer (2 ml) [8]. One
ml aliquots of thawed semen were layered over the up-
per layer of the Percoll gradient which had previously
been warmed in a water bath at 38°C, and centrifuged
at 700 g for 30 min. After washing, the supernatant
was eliminated and the pellet of semen was resuspended
in the same BO medium as used for the C method.
The sperm concentration of the suspension was ad-
justed to 12.5 x 108 cells/ml.

IVF of IVM oocytes and in-vitro culture of embryos

IVM oocytes were taken out of maturation drops,
washed in BO medium containing 10 mg/ml BSA and
transferred to fertilization drops (20 to 25 oocytes/a drop)
with a minimum amount of medium and incubated for 5 h
with sperm. After insemination, ova were washed twice
in CR1aa-CS (CR1aa containing 5% CS) [10} and cul-
tured for 168 h in a drop of 600 ul medium covered with
paraffin oil. After 48 h and 168 h of insemination, rates
of cleavage and the development of embryos to the stage
of morula and blastocyst, respectively, were recorded.

Examination of fertilization

At 18 to 20 h after insemination, some oocytes were
mounted, fixed (acetic acid: methanol = 1:3), stained
with 0.5% acetic orcein and examined for evidence of
fertilization. Oocytes were considered as fertilized when
they had enlarged sperm heads or male pronucleus (ei)
and their corresponding sperm tail(s) in the cytoplasm.
Oocytes with more than two pronuclei and 1st and 2nd
polar bodies but with no sperm tails were also consid-
ered penetrated, because after 18 to 20 h of insemination
sperm tails become invisible.

Statistical analysis and experimental design
Experimental design was a 2 x 2 factorial comparing
two bulls and two different procedures for semen treat-
ments. Statistical comparisons were made using
Chi-square test (y2-test) with Yates’ correction.



Results

The fertilization rate (combined data for C and P
methods) for bull B (83.8% : 31/37) was significantly
higher (P<0.005) than that for bull A (42.4% : 14/33).
As shown in Table 1, the rates of cleavage and morula
or blastocyst for bull A were similar for C (17.7% and
7.7%, respectively) and P (14.2% and 7.9%, respec-
tively) methods. In contrast, these results showed
significantly higher rates (P<0.005) for bull B with C
(72.0% and 46.9%, respectively) method than with P
(58.7% and 28.2%, respectively) method. The total rates
of cleavage and morula or blastocyst (combined data
for C and P methods) for bull B (65.8% and 33.9%,
respectively) were significantly higher (P<0.0001) than
those for bull A (16.0% and 7.9%, respectively).

Discussion

Successful IVM-IVF in cattle has been reported [11-
13], since the first calf was born from an IVM-IVF embryo
in 1985 [14], but the conventional IVF procedure was
subject to variability caused by both variability amongst
bulls [2, 15-17] and by subtle differences in the condi-
tion of the semen [18-21] that was used. To obtain a
high and repeatable in-vitro fertilization frequency, the
establishment of sperm capacitation technique that can
be effective for sperm from any bulls is urgently re-
quired. In other words, there are problems in achieving
fertilization in vitro for many desirable bulls and this
needs to be solved by determining universal sperm ca-
pacitation techniques [4]. For this purpose caffeine [11,
22] or heparin [6] was reported to enhance the ability of
bovine sperm to fertilize IVM oocytes in vitro. And re-
cently, to obtain sperm being able to penetrate oocytes,
most studies on IVF in cattle have used swim-up sepa-
rated sperm [7, 23], but the procedure is complicated.
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More recently, Parrish et al. [8], have reported that more
motile sperm can be obtained by sperm separation by a
simple Percoll gradient procedure than by the swim-up
procedure and they found that development to the morula
or blastocyst stage of embryos sired by swim-up or
Percoll separated sperm was the same. Nevertheless,
in the present study, the cleavage rate and rate of morula
or blastocyst development of oocytes fertilized in vitro
were significantly higher for bull B when sperm was
simply washed according to the conventional washing
method than by the Percoll washing method. Although
we used BO solution supplemented with heparin and
caffeine, but Parrish et al. [8] used TALP solution supple-
mented with heparin for IVF media. These different
concentrations of heparin, caffeine or BSA in IVF media
may have an effect on the viability of sperm. Further-
more, Parrish et al. [8] reported that the Percoll washing
method resulted in less ova being penetrated and
cleaved than did the swim-up method. In contrast bull
A had similar rates of development of embryos with
both the Percoll and conventional washing methods.
This may be caused by the fact that the rates of fertili-
zation and cleavage were too low with bull A to have
the effect of washing spermatozoa on the development
of embryos compared with bull B with high rates of
fertilization and cleavage.

Niwa et al. [1], reported great variation in penetration
rates among the different bulls. In the present results it
was also shown that for bull B the fertilization rate was
significantly higher than that for bull A. Because the
Percoll washing method could not improve the fertiliza-
tion rates for bull A, more experiments are needed to
establish universal sperm capacitation techniques.

Although the number of bulls used in this experiment
was small, it can be concluded that under our condi-
tions the Percoll washing method is not superior to the
conventional washing method for IVP of bovine embryos.

Table 1. Effects of different bulls and sperm washing methods on rates of IVM-IVF and IVP of embryos

Sperm washing Bull A (%) Bull B (%) B
method No. of cocytes  No. of cleaved No.of embryos  No.of oocytes No. of cleaved ~ No. of embryos
inseminated oocytes developed* inseminated oocytes developed
Conventional (C) 248 (3)** 4 (17.7) 19 (7.7 239 (3) 172 (72.0) 112 (46.9)¢
Percoll (P) 253 (3) 36 (14.2) 20 (7.9 206 (3) 121 (58.7)¢ 58 (28.2)
Total 501 80 (16.0)s 39 (7.9)i 445 293 (65.8) 170 (33.9)i

*No. of embryos developed to the stage of morula and blastocyst after 168 h of insemination.

**Replication.

Values within each column (c-e, d-f) or in the same row (a-c, b—d, ae, b, g-h, i-j) with different superscripts are significantly
different: c-e (P<0.005); a-e, a-c, b-d, b-f, d—f, g-h and i-j (P<0.0001) (y2-test).
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