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Introduction

Prior to fertilization, spermatozoa must go through complex changes
(capacitation), culminating with the acrosome reaction (AR) on the zona pellucida
(Lenz et al., 1988; Yamagimachi, 1988). The AR, a prerequisite for fertilization, is
heparin dependent (Uguz et al. 1994). Heparin binding by spermatozoa (Marks
and Ax, 1985) and many other in vitro methods have been used to predict fertility.
Despite exhaustive efforts, a simple and accurate method of predicting fertility
remains elusive.

The objective of the present study was to determine the relationship
between in vitro assessment of the AR and fertility of spermatozoa from Bos
indicus (B. indicus) and Bos taurus (B. taurus) bulls.

Materials and Methods

Frozen-thawed semen from 6 B. indicus (Nelore) and 8 B. taurus
(Simmental, Red Angus, Limousin, Blonde d’Aquitaine) bulls was used.
Spermatozoa were washed once in a modified Tyrode’s buffer (TALP) containing
BGM-1 and BSA, as previously described (Parrish et al., 1988). After
resuspension in the same solution (final concentration, 20 x 10° spermatozoa/ml),
heparin (10 ug/ml) was added and the suspension was incubated for 4 h at 38°C.
Lysophosphatidylcholine (LPC; 100 ug/ml) was then added and incubation
continued for an additional 15 min.

Examinations for sperm motility were conducted immediately after the
semen was thawed. In addition, examinations for sperm motility, sperm viability,
and AR rate (percentage of spermatozoa which had undergone the AR), were
conducted immediately after addition of heparin (0 h), 2 h later, and 15 min after
the addition of LPC (designated as 4 h). Sperm progressive motility was estimated
by examination at 400X. To estimate sperm viability, cells were stained with
Trypan Blue and examined at 400X. To determine AR rate, air-dried smears were
stained with naphtol yellow S-erythrosin B and Giemsa-Trypan Blue (modified from
Kovacs and Foote, 1992). Under light microscopy (1000X), 200 spermatozoa



appeared much lighter in the acrosomal area. An AR index was calculated as the
AR rate at 4 h divided by the AR rate at 0 h. Semen fertility was determined from
60 to 90 day nonreturn rates (NRR) collected by the Lagoa da Serra Insemination
Centre. The average number of inseminations per bull was 33.6 (range, 10 to 65).

A Student’s t-test was used to determine if there was a difference between
B. indicus and B. taurus bulls for NRR, motility, viability, AR rate and AR index.
Pearson correlation coeffecients were determined between NRR and the AR rate
(0, 2 and 4 h) and the AR index. Linear regression was used to predict the NRR
(dependent variable) from the AR index (independent variable) and a 95%
confidence interval was determined.

Results and Discussion

There were no significant differences between B. indicus and B. taurus bulls
for NRR or sperm motility (Table 1). However, sperm viability was consistently
significantly higher in the B. taurus bulls (Table 1). Sperm motility and viability
both decreased progressively with time. To some extent, this deterioration may be
due to the addition of heparin, which has been shown to decrease pH of the
suspension (Parrish et al. 1980). There was no significant difference between B.
indicus and B. taurus bulls for AR rate or for AR index. The AR rate increased
slightly from 0 to 2 h (means, 6.2 versus 8.0%) but was profoundly greater at 4 h
(mean, 24.6%), following addition of the LPC. At 4 h, the AR rate ranged from 14
to 34% (B. indicus) and from 17 to 46% (B. taurus). The Pearson correlation
coeffecients between NRR and AR rate at 0, 2 and 4 h were -0.43, -0.48 and 0.18,
respectively. The AR index ranged from 2.0 to 5.7 (B. indicus) and from 3.4 to 7.3
(B. taurus). The Pearson correlation coeffecient between NRR and AR index was
0.68. For the regression model predicting NRR from the AR index, the coeffecient
of regression was 0.46 (P< 0.008) and the equation was: NRR= 49.17 (+ 6.79) +
4.75 (£ 1.49) x AR index (Figure 1).

In the present study, the AR index, the relative increase in the AR rate from
0 h to 4 h (after LPC) had the highest correlation with NRR and a regression
equation was derived predicting NRR from the AR index. Therefore, the AR rate
was associated with in vivo fertility, consistent with previous studies (Lenz et al.,
1988; Ax and Lenz, 1987; Feliciano Silva, et al.,, 1996). In a preliminary study,
there was a direct association among in vivo fertility, in vitro fertility and AR rate in
B. indicus bulls (Watanabe et al., 1996). It has recently been shown that plasma
proteins are involved in both capacitation and the AR (Bellin et al., 1996). Those
proteins possess a high affinity for heparin, predisposing the spermatozoa to
capacitation and the AR.

In summary, assessment of the AR in vitro was a good predictor of fertility in
vivo. In the future, assessment of AR may be a useful adjunct for the breeding
soundness evaluation of the bull.
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Table 1. Mean (£SD) for nonreturn rates (NRR), sperm motility and viability, and measures of acrosome
reaction (AR) in B. indicus (n = 6) and B. taurus (n = 8) bulls. The probability (Prob.) of a
difference between the two types of bulls is shown in the last column.

Measurement B.indicus B.taurus All bulls Prob.
NRR (%) 65.8+13.4 72.4+8.7 69.6+11.0 .29
Motility (%)
Post-thaw 70.0+12.6 78.8+6.4 75.0+10.2 11
Oh 63.31+22.5 72.547.1 68.6+15.6 .29
2h 48.3+26.4 53.4+14.1 51.4%+19.6 .63
4h 28.3+22.3 36.2+13.0 32.8+17.3 41

Viability (%)

Oh 31.2+10.4 44.5+12.0 38.8+12.9 .05

2h 27.149.6 40.4+£7.9 34.7£10.8 .01

4h 20.67.9 32.4%10.1 27.4+10.8 .04
AR rate (%)

0h 6.8£1.0 5.8£2.9 6.212.2 40

2h 9.5£2.0 6.913.6 8.0+£3.2 .14

4h 24.0£7.1 25.049.8 24.6+£8.4 .83

AR index 3.6x1.3 4.8%1.6 4.3%1.6 5
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Figure 1. Linear rlggessmn line and 95% confidence intenals for nonretum
rate (NRR) as a dependent variable and acrosome index (AR index)
as an independent variable for Bos indicus (star) and Bos taurus
(solid triangles) bulls.



