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SUMMARY

The main objective of this work was to develop an efficient in vitro test (acrosome reaction, AR) to predict
fertility in rams spermatozoa in the Egyptian local rams by using Ca'*ionophore. Semen was collected for 5
successive weeks from four Rahmani and four Ossimi Egyptian local rams. Fresh collected semen was initially
evaluated. Calcium ionophore was used to stimulate the sperm to undergo acrosome reaction (AR). Results
showed that differences in all initial semen characteristic values were not significant among Rahmani rams. The
same results were obtained in Ossimi rams, except mass motility (88.75%, P<0.05). After Induction of AR,
results showed in Rahmani and Ossimi breeds that live-reacted spermatozoa% (LR) was the highest (34.25 and
34.50%, P<0.05) in ram No. I of both breeds when compared to other rams in both breeds, respectively.
Conception rate (CR) after natural mating revealed individual differences among rams within each breed, but
the differences were significant (P<0.05) within Ossimi breed only. Ram No. 1 of both breeds showed the highest
CR compared to other rams of the same breed. However, the mean of CR was insignificantly higher in Rahmani
than Ossimi breed (89.19 vs. 81.08%). There was positive correlation between percentage of live-reacted
spermatozoa and CR in Rahmani breed (r=0.64, P<0.01) and in Ossimi breed (r=0.96, P<0.01). In addition,
there was a significant correlation between the percentage of mass motility and CR (r=0.70, P<0.01) in Ossimi
breed. It could be concluded that lamb rams fertility of local sheep can be predicted using acrosome reaction

test with Ca" “ionophore.
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INTRODUCTION

The capacity to fertilize the ovum and to sustain
embryogenesis is the only reliable test of the
functional integrity of a semen sample (Watson,
1979; Ugar and Parkinson 2003 and Ashmawy ef al.,
2013). However, the assessment of fertilizing
capacity in vivo is costly, time-consuming and
laborious. Likewise, the value of routine semen
analysis in the prediction of fertility is both subjective
and poorly predicts fertility (Rodriguez-Martinez et
al., 1997).

Therefore, over the years, several alternative
methods of assessing semen have been sought to
predict male fertility (Larsson and Rodriguez-
Martinez, 2000), Standard semen analysis assays
include the assessment of sperm morphology (Barth,
1992), sperm motility (Holt et al., 1997), presence of
intact acrosomes (Correa et al., 1997) and membrane
integrity (Pérez et al, 1997). Significant correlations
between motility and field fertility have been found
by some workers (Kjaestad et al.,, 1993 and Correa et
al., 1997), while not proved by others (Graham et al.,
1980 and Januskauskas et al., 1996).

The tests of sperm penetration assay {(Gadea et al.,
1998), zona binding (Gadea et al., 1998 and Zhang et
al., 1998), hemi-zona assays (Fazeli et al., 1995) and
several forms of acrosome reaction assay (Whitfield
and Parkinson, 1995 and Januskauskas et al., 1996)
provided information about the ability of spermatozoa

to interact with the oocyte, whereas some significant
correlation, between them and in vivo fertility, has
been found in several species (pigs and cattle: Fazeli
etal, 1995 & 1997).

In vitro methods for analysing the functionality of
spermatozoa, namely the in vitro induction of AR and
the in vitro assessment of ability of spermatozoa to
undergo AR, are increasingly and widely used as
means for determining the fertility of sires
(Parkinson, 1996), rams (Ugar and Parkinson, 2003)
and bucks (Ashmawy et al., 2013).

Calcium ionophore-induced acrosome reactions
were also studied in rams (Shams-Borhan & and
Harrison, 1981; Watson et al., 1991; Garde et al.,
1992 and Ugar and Parkinson, 2003). Therefore, the
objective of this work was to evaluate the potential of
ram lambs' spermatozoa, of Rahmani and Ossimi
Egyptian local sheep breeds, for acrosome reaction by
Ca"™ ionophore as an early test for predicting rams
fertility.

MATERIALS AND METHODS

The experimental work-was conducted at Sakha
Experimental Station, belonging to  Animal
Production Research Institute, Agricultural Research
Center, Ministry of Agriculture, Egypt. The research
station is located in the Northern part of the Nile
Delta (latiwde 31°N and longitude 31°E) in
Kafrelsheikh Governorate, Egypt.
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Animals:

Eight lamb rams of Egyptian local sheep breeds (4
Rahmani and 4 Ossimi) with an average age
20.9£0.61 and 21.240.16 months, and live body
weight 41.12+4.57 and 36.71+3.89 kg, respectively,
were used for semen collection. Rams were fed
concentrate feed mixture (CFM) containing 15%
crude protein (CP) and 70% total digestible nutrients
(TDN), plus 1.25 kg rice straw during the
experimental period. Ingredients of the CFM included
45.3% com grains, 11% undecorticated cotton seed,
12% soybean meal, 29% wheat bran, 1.8% limestone,
0.22% sodium bicarbonate, 0.4% common salt and
0.28% mineral mixture. The lambs had free access to
water all the day.

Semen Collection and Initial Assessment:

Semen ejaculate was collected once a week from
each of the eight rams by artificial vagina (using
heated teaser ewe) for five weeks during the period
from August to September (20 ejaculates from each
breed). Immediately after semen collection, each
ejaculate was assessed for mass motility (% of
spermatozoa exhibiting progressive motility) at a total
magnification of 200X. The volume of each ejaculate
was recorded and the concentration of spermatozoa
was determined with a Neubauer haemocytometer.
Smears were prepared using nigrosin/eosin staining
for determining the percentages of live and abnormal
spermatozoa.

Induction of Acrosome Reactions:

Calcium ionophore A23187 (Sigma Chemical
Co., St Louis, MO, USA) stock solution was prepared
as 6 mmol/l stock in dimethylsulphoxide were frozen
at -20°C. Before use this was thawed, diluted 1:10
with modified Tyrode’s medium (TALP) described
by (Parrish et al, 1988). It contained 100 mM NaCl,
3.1 mM KCI, 0.4 mM MgC12, 2 mM CaC12, 0.3
mM KH2PO4, 25 mM NaHCO3, 10 mM Na-Hepes,
ImM Pyruvic acid sodium salt, 21.6 mM Na-lactate,
6mg/mL BSA (Fraction V), and 10 pg/mL phenol red.
The ‘Tyrode’s medium was buffered with 1IN
NaOH/HCI to pH 7.4, and had a final osmolarity of
290-300 mOsmol/’kg. The media stock was prepared
every second week and was sterilized by Millipore
filtration (0.22-um pore size). .

Semen samples were supplemented with 10 ml of
modified Tyrode’s medium (TALP) and centrifuged
at 2000 rpm for 10 min. The supematant was
discarded and the sperm pellet was re-suspended in
the same media. This step was repeated three times to
remove the whole seminal plasma.

The suspension was then further diluted in TALP
to a final concentration of 50 x 106 sperm/ml, then
divided into two groups (as treated and control
group). In treated group, spermatozoa were
capacitated with 5 pl/ml of A23187 diluted stock was
added to it (3 nmol/l final concentration of calcium
ionophore A23187, Sigma), while in the control
group DMSO was added without any supplement,
that was found to be exerting no effect (data not

shown). Each sample was covered by 1 ml of mineral
oil, and all samples were placed into water bath for
30 min at 37°C. Aliquots of about 200 pl were
removed from each tube (as treated and control
group) and stained with the Dual Stain, according to
Didion et al. (1989) after 30 min. incubation.

Evaluation of Acrosome Reactions:

To determine the variability and acrosome reacted
spermatozoa (under bright flied microscope, (%400
and x1000) by counting about 200 spermatozoa per
slide and examined. They were classified into four
categories as: 1) live-reacted spermatozoa with intact
acrosome (LR) (Post-acrosome region, PAR white
and acrosome bright Pink/purle), 2) live-unreacted
spermatozoa with detached acrosome (LU) (PAR
white and acrosome  white), 3) dead-reacted
spermatozoa with intact acrosome (DR) (PAR blue or
dark blue and acrosome dark pink /purple) and 4)
dead-unreacted spermatozoa with detached acrosome
(DU) (PAR blue and acrosome white/gray white).
Both categories 1 and 2 were considered as true
acrosome reaction, while categories 3 and 4 were
served as false acrosome reaction.

Fertility Trial

A total of 74 clinically healthy non-lactating ewes
(37 Rahmani and 37 Ossimi breed) were naturally
mated with the pervious rams during breeding season
in September (from the 1* to the end of September).
Each ram of each breed was used for mating 8-10
ewes. Fertility, determined as conception rate
(proportion of ewes mated to those conceived). The
pregnancy was diagnosed using ultrasonography on
day 56 post-mating according to Martinez et al.
(1998).

Statistical Analysis:

The data. obtained were statistically analyzed
using General Liner Models (GLM) procedures in
SPSS statistical package programme (2008). Duncan
Multiple Range Test was used to compare differences
between the means. Chi-square test was used to
determine the differences in conception rate.

RESULTS AND DISCUSSION
Physical Semen Characteristics (Initial
Assessment):

Physical Semen characteristics of Rahmani and
Ossimi rams (individuals and means) are shown in
Table (1). Based on the individual values, the
differences in all physical semen characteristics were
not significant in Rahmani rams. The same result was
obtained for Ossimi rams, except percentage of mass
motility showing significant differences (P<0.05)
among Ossimi rams.

Means of all physical semen characteristics were
higher in Ossimi than Rahmani breed, but the
differences were not significant, except the
percentage of sperm viability, being significantly
(P<0.05) higher in Ossimi than Rahmani breed.
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Table 1. Physical semen characteristics of Rahmani and Ossimi rams
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Ram Semen Mass Live sperm Abnormal Sperm
Breed number volume motility (o/p) sperm concentration
¢ (ml) (%) ° (%) (x10%/ml)

Rahmani 1 0.78+0.11° 85.00+2.89°  91.0+0.41° 2.25+0.25° 225+ 0.31°

2 0.85+0.06° 81.25+125%  89.542.47° 1.75+0.25° 2.14+0.14

3 0.70+0.06 * 80.00+2.04%  87.5+2.02° 2.25+0.25° 1.93+0.30°

4 ©0.83+0.10° 81.25+1.25%  92.0+1.78% 1.75+0.63° 1.71£0.06°

Mean 0.79+0.04*  81.88+1.01*  90.0+0.93° 2.00+0.184 2.00+0.12*

Ossimi 1 0.85+0.05* 88.75£1.25"  94.7+0.25° 2.25+0.25° 2.12+0.03°
2 0.83+0.06° 83.75+2.39%  96.0+1.08° 1.50+0.29° 2.25+0.19*

3 0.90+0.11 2 82.50+ 1.44>  91.7+1.70° 2.00+0.41° 2.14+0.24°

4 0.85+0.09? 81.25+1.25°  92.0+1.68° 2.25+ 0.48° 2.01+0.09°

Mean 0.86:0.04*  84.06+1.04* 93.6+0.75* 2.00:0.18* 2.13£0.08*

Values presented in percentages or means + SEM.

Values with different superscripts letters (a, b) within the same column for each breed differ significantly (P<0.05).
Values with different superscripts letters (4, B) between breeds differ significantly (P<0.05).

Table 2. Percentage of different categories of acrosome reaction of semen from Rahmani and Ossimi

rams.
Ram Category of acrosome reaction (%)
Breed number Live-reacted Live-unreacted Dead-reacted Dead-unreacted
(LR) LY (DR) (119))
Rahmani 1 34.25+2.56° 44.7+1.25 6.75+0.63° 14.25€1.18°
2 28.75+1.44° 46.5+1.55° 6.50+1.19 18.25+1.11°
3 29.25+0.63% 46.5+1.32° 7.00+0.41° 17.25+1.44%
4 29.25+0.85% 46.0£0.91° 6.00+0.41° 18.75+1.03°
Mean 30.38+0.91* 45.9+0.601* 6.56+0.34* 17.13£0.70*
Ossimi 1 34.50+1.19° 43.50+1.04° 6.0+£0.71% 16.0+0.41°
2 30.25+1.11° 44.00+1.29° 7.5+0.65° 18.2+1.11%
3 26.75+0.85° 48.50+1.04° 6.2+0.25% 18.5+0.29%
4 22.50+1.19¢ 52.50+0.50° 5.5+0.29° 19.5+1.04°
Mean 28.50+1.24* 47.13+1.05% 6.3£0.30* 18.1+0.49*

Values presented in means+SEM.

Values with different superscripts letters (a, b, ¢, d) in the same column for each breed differ significantly (P<0.05).
Values with different superscripts letters (A, B) between breeds differ significantly (P<0.05).

Acrosme Reaction:

Percentage of spermatozoa at different categories
of acrosome reaction per individuals and mean of
Rahmani and Ossimi semen treated with calcium
ionophore are presented in Table (2). Based on the
individual values within each breed, the percentage of
live-reacted spermatozoa (LR) differed significantly
(P<0.05), the highest individual values were 34.25
and 34.50% for Rahmani and Ossimi rams,
respectively.  Percentage of dead unreacted
spermatozoa (DU) differed significantly (P<0.05), the
lowest values were 14.25 and 16.0% in rams No. 1 of
each Rahmani and Ossimi breeds compared to other
rams, gespectively. In general, the differences in the
mean of all categories of acrosome reaction were not
significant between Ossimi and Rahmani breeds.

The -present results agree with the = previous
literature confirming that acrosome reaction test is a
stable parameter of sperm function and is useful to
predict fertilization success (Maji et al., 2010). Based

on the results obtained in term of individual variation
in the proportion of° spermatozoa undergoing
acrosome reaction and those reported by Ucar_and
Parkinson (2003), calcium ionophore (A23187) can
be used to assess the acrosome reaction of ovine
spermatozoa in vitro.

In addition, Smith and Murray (1996) found
differences in fertilizing ability not only among
individual rams, but also among ejaculates of the
same ram. Attempts to correlate results of acrosome
reaction test and in vivo fertility using ram semen
have given contradictory results. In this respect,
Choudhry et al. (1995) found a correlation between
the number of penetrated spermatozoa per zona-free
hamster oocyte and in vivo fertility. Although, Codde
and Berger (1995) were unable to demonstrate a
correlation between in vivo fertility and the ability of
spermatozoa to bind to or penetrate zona pellucida,
while there were significant differences between rams
among these parameters in vitro.
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Fertility Trail

Results of conception rate (CR) after natural
mating (Table 3) revealed individual differences
among rams within each breed, but the differences
were significant (P<0.05) within Ossimi individuals

only. Ram No. 1 in each of Rahmani and Ossimi
showed the highest CR as compared to other rams,
being 90 and 100%, respectively. However, the
means of CR were insignificantly higher in Rahmani
than Ossimi breeds (89.19 vs. 81.08%, respectively).

Table 3. Conception rate of ewes mated naturally by Rahmani and Ossimi rams

Breed Ram number Mated ewes (n) Pregnant ewes (n) Conception rate* (%)
Rahmani | 10 9 90.00°
- 2 9 8 88.89°
3 9 8 88.89°
4 9 8 88.89°
Mean 37 33 89.19*
Ossimi 1 8 8 100?
2 10 8 80.00°
3 9 7 77.78°
4 10 7 70.00°
Mean 37 30 81.08"°

* Conception rate was estimated ultrasonographically 56 days after mating.

Values presented in percentages.

Values with different superscripts letters (a, b) within the same column for each breed differ significantly (P<0.05).
Values with different superscripts letters (A, B) between breeds differ significantly (P<0.05).

Table 4. Partial correlations between each of the percentage of mass motility, live sperm, sperm
concentration, live-reacted spermatozoa and conception rate

Item Mass motility Live sperm Sperm concentration Live-reacted
(%) (%) spermatozoa (%)
CR of Rahmani rams 0.46 0.16 0.31 0.64**
CR of Ossimi rams 0.70** 0.33 0.08 0.86%*"
** Significant at P<0.01.
[ S — e *
= " .
5 Pt y=2.051x +24.64
e R*2=0.760 . ...
———————— e ’
LR (%)

Fig. 1. Regression equation for dépendant conception rate on the live-reacted spermatozoa in rams

The present results concerning the CR were in
association with the percentage of live-reacted (LR)
spermatozoa in both breeds. Results of the partial
correlation (Table 4) indicated significant (P<0.01)
positive correlation between percentage of live-
reacted spermatozoa and the CR in Rahmani (r=0.64,
P<0.01) and in Ossimi (r=0.96, P<0.01). Also, there
was a significant correlation between the percentage
of mass motility and CR (r=0.70, P<0.01) in Ossimi
rams.

In addition, the relationship between CR and
percentage of LR spermatozoa could be indicated in
the coming regression equation for dependent
conception rate on the live-reacted spermatozoa, as
illustrated in figure (1):

Conception rate (%) = 2.051 x live-reacted
spermatozoa (%) + 24.64.

While the adjusted R-square (R?) was 0.76,
such results facilitate the prediction of fertility of
rams using acrosome reaction test using calcium
ionophore.

As the result obtained by Lenz er al. (1988), it was
reported that acrosome reaction technique could be
used to predict the relative fertility of bulls. In
addition, Costa et al. (2010) stated that the induction
of the acrosome reaction test is a valuable tool to
predict the fertilization in cattle. Accordingly, in
conjunction with our present results, ram fertility
could be predicted using acrosome reaction test with
Ca++ ionophore to determine the percentage of live-



B |

bt & & SN

Egyptian J. Anim. Prod. (2015) 133

reacted spermatozoa. The results obtained from the
current study imply that in vitro induction of the AR
provides a sufficiently accurate model of the events
during fertilization in vivo that allow estimating of
fertility of spermatozoa to be made in rams.
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