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Effect of Caffeine and Heparine on Acrosome Reaction and
Protein Pattern of Korean Native Cattle Sperm In Vitro
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INTRODUCTION

A traditional method of producing high poten-
tial animals has been through A.I. Animal pro-
ducers have long been working on the efficient
method of producing animals with large econ-
omic merit. Recent development of reproductive
biotechnologies has brought a means of acce-
lerating the efficacy of amimal production,
Among them, the techniques of in wuitro fer-
tilization(IVF) and embryo transfer today are

widely practiced in livestock species to improve
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productivity and genetic potential. Especially,
the application of IVF techmque in cattle is of
great potential. Calves have been produced by
large through [VF. The capacitation of sperm 1s
an important factor in the process of in vitro
fertilization. For sperms and eggs to be ferti-
lized, physiological and functional changes must
be achieved. This process is called the capac-
itation(Austin, 1951 Chang, 1951). For a sperm
to penetrate the zona pellucida and fertilize an
egg, the acrosome reaction should occur(Barros
et al, 1967). To date, the direct method for

capacitation is the evaluation of hyperacti-
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vation, which is only possible in hamster. To de-
tect the capacitation of bovine sperm, sperm
were fertilized with zona-free hamster ova(Brac-
kett et al, 1982, Graham and Foote, 1984),
Zona-free bovine ova(Fulka, 1992), and in vitro
matured bovine ova(Ball et al, 1983, Lenz et al,
1983), which is the direct method of detecting
sperm capacitation. However, these direct met-
hods are practically difficult because they were
time-demanding and costly. The objective of
this study was to examine the effects of heparin
and caffeine on acrosome reaction of Hanwoo
(Korean Native cattle) sperms and the pattern
of protein change of sperms during the process

of acrosome reaction.

MATERIALS AND METHODS

The frozen sperms from Hanwoo were thawed
for 30 seconds at 35 in water bath, following
the method of Niwa and Ohgoda(1988). Adding
5mM /ml caffein plus 10gg /ml heparine in Bo
medium(Brackett and Oilphant, 1975), they

were preincubated at 39C in 5% CO, incubator
for 0, 0.5, 1.0, and 2.0 hrs, respectively. The
rate of acrosome reaction(Didion et al., 1989)
was measured for 200 sperms per slide. The
preincubated sperms were centrifuged for 10
min at 200g. The supernatant was freeze-dried
and stored at —20C before the electrophoresis
and the sperm pellet was washed twice with sal-
ine. The electrophoresis(Laemmli, 1970) was
done with SDS-PAGE.

RESULTS AND DISCUSSION

The survival rate of frozen-thawed bovine
sperm was over 90%/(Fig. 1). However, after
treated with 5mM /ml of caffeine plus 10.g /ml
of heparin for 0.5 hr and 2 hr, it was decreased
to 70% and 35%, respectively. As shown in T-
able 1, after treating with 5mM /ml of caffeine
plus 104g /ml of heparin, the proportion of live
intact-sperm was 85.7% after thawing but dec-
reased to 53.4~14.3% by increasing the prein-

cubation time from 0.5 hr to 2 hr. The percent-
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Fig. 1. Changes in percentage of motile and acrosome-reacted sperm at various in incubation times under

caffeine and heparin treatment.
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age of acrosome-detached viable sperm was 9.
4% after thawing and slightly increased to 16.
7~21.5% by increasing the preincubation time

from 0.5 hr to 2 hr. The percentage of acro-

(224

some-detached dead sperm was 3.3% after thaw-

ing but increased to 17.2~46.8% by increasing
the preincubation time from 0.5 hr to 2 hr.
Among live sperm, there was no significant dif-
ference in percentage of acrosome-detached
sperm with preincubation time. However, amon-
g dead sperm, there was significant difference
in percentage of acrosome-detached sperm with
preincubation time. Especially, in preincubation
time of 2 hr, the percentage of acrosome de-
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tached sperm drastically increased to 63.8%.
From this result, the percentage of acrosome
reacted sperm in general was found to increase
with preincubation time. The percentage of de-
tached sperm among live sperm was not chan-
ged but the percentage of detached sperm amon-
g dead sperm was increased. As observed in this
study, normal sperm changed to capacitated
sperm, the capacitated sperm changed to acro-
some reacted sperm, and then, they were dead,
which is the general cell cycle of sperm. The
same result was also found in the study of Did-
ton et al, (1989).

From the result of electrophoresis(Fig. 2),
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Fig. 2. Electrophoresis (SDS-PAGE) of bovine sperm treated with caffeine and heparin.
1. Standard protein
2. Seminal plasma of fresh semen
3. Sperm pellet from Eresh semen
4. Sperm pellet from Frozen-thawed semen
5. Sperm pellet from sperm preincubated for .5hr
6. Sperm suspension from sperm preincubated for 0.5hr
7. Sperm pellet from sperm preincubated for 1.0hr
Sperm suspension from sperm preincubated for 1.0hr
. Sperm pellet from sperm preincubated for 1.5hr
10. Sperm suspension from sperm preincubated for 1.5hr
11. Sperm pellet from sperm preincubated for 2.0hr
12. Sperm suspension from sperm preincubated for 2.0hr
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Table 1. Acrosome reaction(2s) of frozen-thawed sperm preincubated in BO with caffeine and heparine

Sperm  Incubation Dead sperm

Live sperm

A+C B+D

treatment  time(h) Intact(A) Detacted(B)* Intact(C) Detacted(D)*
Caffeine 0 1.7 3.3 85.7 9.4 87.4 12.7
(5mM) 0.5 12.8 17.2 53.4 16.7 66.2 33.8
+ 1.0 18.9 25.9 40.2 15.1 59.0 41.0
Heparin 1.5 15.8 30.3 39.8 14.2 55.6 44.5
{(10g /ml) 2.0 17.4 46.8 14.3 21.5 317 63.3
0 1.5 4.0 89.5 5.0 91.0 9.0
Heparin 0.5 19.9 17.2 fl7.7 15.3 67.5 32.5
(10, /i) 1.0 17‘.7 25.1 37.4 19.9 55.0 45.0
1.5 16.7 34.4 29.1 19.9 45.8 54.3
2.0 12.8 39.5 26.6 23.2 37.4 62.7

* B: False acrosome-reacted(AR) sperm, D:true AR sperm.

fresh semen showed more protein content in 20,
000 dalton of molecular weight and also, no sig-
nificant differences among the band patterns of
sperm 1n different incubation time were obser-
ved. In 66,000 dalton of molecular weight, more
protein content was found in the supernatant of
thawed semen than that of fresh semen. No dif-
ference among protein band patterns was obser-
ved in capacitation of different incubation time.
The larger amount of protein content in higher
molecular weight was found, which was possibly
due to the leakage of proteinase into the super-

natant,

SUMMARY

After treated with 5mM /ml of caffeine plus
10pg /ml of heparin, the proportion of live in-
tact-sperm was 85.7% after thawing. It was dec-
reased to 53.4~14.3% by increasing the prein-
cubation time from 0.5 hr to 2 hr. The percent-
age of acrosome-detached viable sperm was 9.
4% after thawing and was slightly increased to
16.7~21.5% by increasing the preincubation
time from 0.5 hr to 2 hr. There was no signifi-
cant difference between acrosome reaction rate

of Hanwoo sperm treated with different combin-
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ation of caffein and heparine. More than 40% of
acrosome reaction was found after 1 hr of prein-
cubation. Protein band patterns were not chan-

ged in capacitation of different incubation time,
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