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Abstract

A heterologous in vitro fertilization (IVF) test using calf oocytes with zona-pellucida
was employed to assess the fertility of thawed ram sperm samples. Six males with
significant differences in fertility (P= 0.003) were used. The males were classified as
having high fertility (> 42%) and low fertility (< 41%). Male fertility was not influenced
by number of inseminated ewes (P=0.584), insemination technician (P=0.156),
insemination date (P=0.323) or farm (P=0.207). Thawed sperm samples were employed
to assess several sperm parameters for each male: motility, acrosomal integrity,
viability, membrane stability, membrane phospholipid disorder, mitochondrial
membrane potential and chromatin stability. These samples were used to carry out a
heterologous in vitro fertilization. In vitro-matured calf oocytes (n=716) were
inseminated with thawed ram semen and in vitro cultured for 40 hours. Overall, at
thawing, variability among males respect to sperm quality was high. Despite this
variability, there were not differences (P<0.05) between fertility groups. Yield of hybrid
embryos ranged from 31 to 59% between males. There were not differences between
males (P=0.340). However, there were differences between fertility groups (high
fertility: 55%; low fertility: 39%; P=0.020). Multiple regression analysis showed that
the heterologous in vitro fertility was the only predictive parameter for in vivo male
fertility. Correlation between both parameters was fair (r*=0.760; P=0.025). These
results indicate that heterologous in vitro fertilization tests can be useful to predict the
fertility of ram spermatozoa using calf oocytes with intact-zona pellucida.

Keywords: heterologous in vitro fertilization, ram, fertility, spermatozoa, intact-zona

oocytes
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1. Introduction

The assessment of semen quality is very important prior to performing artificial
insemination or in vitro fertilization to assure a good fertility results. So far, many
studies have focused in the relationship between sperm parameters and in vivo fertility,
with very different outcomes [1-4].

Most methods for in vitro semen evaluation measure general characteristics of
the spermatozoa (motility, membrane integrity, organelle integrity, etc...), all essential
to fertility. Other methods attempt to mimic in vitro the process of fertilization in vivo.
Membrane integrity and functionality are requirements for the viability of the
spermatozoa, and they are usually assessed with membrane- impermeant dyes [5]. Early
stages of sperm capacitation and increased membrane permeability indicative of
spermatozoa damaged can be measured using different fluorophores [6-8]. Acrosome
intactness, a prerequisite for fertilization, can be examined in vitro using phase-contrast
microscopy or using different fluorescent conjugated lectins, which can be combined
with viability stains [5]. Other determinant of fertilization ability is the mitochondrial
status, since mitochondrial function might be useful as a measure of sperm quality [9].
Mitochondrial membrane potential can be determined employing specific fluorophores,
such as the Mitotracker dyes [10,11]. Finally, the degree of DNA integrity is important
because early embryo development depends on the presence of normal DNA [3]. One of
the methods to determine DNA damage is the SCSA (sperm chromatin structure assay)
used to assess the degree of susceptibility of the DNA to acid-induced denaturation.

However, the relationship between sperm quality, assessing all different sperm
characteristics, and fertility vary greatly among studies [6,11-16], being necessary to

find methods more accurate to evaluate the fertility of sperm sample.
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In vitro fertilization is the most adequate method to assess the fertility, since this
procedure evaluates the spermatozoa-oocyte interactions occurring during in vivo
fertilization, allowing measurement of different endpoints in the early stages of the
embryo development. Some authors have used homologous IVF assays as a predictor of
fertility using zona-intact oocytes [17-20]. However, it is often difficult to obtain
oocytes of the same species, especially when dealing with wild or endangered ones. An
alternative is employing oocytes of laboratory animals or domestic species, which can
be easily obtained. Thus, some authors have used oocytes of laboratory animals, as the
hamster, since its oocytes can be penetrated by spermatozoa of other species [21-24] or
oocytes of domestic species obtained at slaughterhouses [25]. However, these studies
were carried out using oocytes free of zona pellucida. The zona pellucida is the first
barrier in the spermatozoa-oocyte interaction. On its surface there are receptors for the
attachment and binding of capacitated spermatozoa and it is involved in the subsequent
induction of the acrosome reaction [26]. Moreover, modifications to the zona pellucida
following fertilization prevent polyspermy [27]. Thus, the IVF assays using zona-free
oocytes might be considered incomplete for assessing fertility, since sperm fertility can
be described as the ability of the spermatozoon to bind and cross the zona pellucida, to
perform the fusion of its membrane with oocyte’s oolema, to achive the formation of the
male pronucleus and to conduct to the zygote cleavage. Others authors, have used zona-
intact oocytes of domestic animals to evaluate spermatozoa functionality by
heterologous I'VF tests [28-31]. However, so far nobody has studied the relationship
with in vivo fertility using heterologous in vitro fertilization systems employing oocytes
with intact zona pellucida.

In Spain slaughtered sheep are generally old, and the oocytes quality is not good,

being the oocytes of other species, slaughtered younger and sexually matured, an
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alternative. The objective of this study was to evaluate the performance of a
heterologous in vitro fertilization test that employed zona-intact calf oocytes, for
assessing the fertility of thawed ram semen. The sperm samples used in this study were
selected for heterogeneity in in vivo fertility after intra uterine laparoscopic

insemination.

2. Material and methods

2.1. Material

Fluorescence probes were purchased from Invitrogen (Barcelona, Spain).
Chromatographically purified acridine orange was purchased from Polysciences Inc.
(Warrington, PA, USA). Other chemicals were of reagent grade and were purchased
from Sigma (Madrid).

2.2. Semen collection

All animal procedures were performed in accordance with the Spanish Animal
Protection Regulation RD223/1988, which conforms to European Union Regulation
86/609. Adult males were maintained and managed at Centro Regional de Seleccion y
Reproduccion Animal of Valdepefias (CERSYRA). A total of 6 males of Manchega
sheep breed (age > 3 years) were used. Semen collection was performed using artificial
vagina. Volume, concentration, wave motion (0: no movement to 5: strong wave
movement) and sperm motility were assessed shortly after collection. Only, the
ejaculates with values of wave motion and sperm motility higher of 4 and 80%,

respectively, were frozen.

2.3. Semen cryopreservation
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After initial semen evaluation, each ejaculated was diluted with the freezing extender.
The diluent used was prepared as previously described [32]. The ejaculates were diluted
to a final concentration of 200 x 10° spermatozoa/mL. Diluent 1 contained 3.25% (w/v)
TRIS, 0.935% (w/v) D-fructose, 1.702% (w/v) citric acid, 2% glycerol, 25% egg yolk
and 50000 IU penicillin G. Composition of diluent 2 was: 3.953% (w/v) dextran B,
0.688% (w/v) sodium citrate, 0.158% (w/v) TEST, 0.363% (w/v) glycine 10.188%
(w/v) lactose, 1.186% (w/v) raffinosse, 0.506% fructose (w/v), 50000 IU penicillin and
12% glycerol. Diluent 1 was added 3:2 to semen and slowly cooled from 30 to 5°C in 2
h. Then, the samples were further diluted (3:1) with the diluent 2 at this temperature and
held for equilibration at 5°C for 2 h (total refrigeration time at 5°C was thus 4 h). At the
end of the cooling and equilibration period, the extended semen was loaded into 0.25-
mL plastic straws and frozen. The straws were frozen in a programmable biofreezer
(Planner) at 20°C/min to -100°C, and at 10°C/min from -100°C to -140°C and then
plunged into liquid nitrogen.

2.4. Semen evaluation

The straws were thawed for 20 sec at 37°C and aliquots were used to assess sperm
quality. Percentage of individual sperm motility evaluated subjectively was recorder.
Also, the acrosome integrity and viability were noted. Acrosome integrity was evaluated
after a 1:10 dilution in 2% glutaraldehyde in 0.165 M cacodylate/HCI buffer (pH 7.3).
The percentage of spermatozoa with intact acrosomes , i.e., those showing a normal apical
ridge (% NAR), was assessed by phase-contrast microscopy. The viability was assessed
by nigrosin-eosin stain as previously described [33]. An aliquot of thawed semen was
mixed with the stain (1:2) for 20 sec at 37°C and a smear was carried out after
incubation. The percentage of live spermatozoa, i.e., those remaining unstained (%

Viability), was assessed by bright field microscopy.
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Aliquots of thawed semen were used to carry out flow cytometry analysis. We
assess the membrane stability with YO-PRO-1, the membrane phospholipid disorder
with Merocyanine 540, the mitochondrial membrane potentital with Mitotracker Deep
Red, the acrosome integrity with PNA-FICT and the viability with propidium ioide (PI).
We prepared two staining solutions using flow cytometer sheath fluid (BD
FACSFlow™). One of them was prepared by adding 3 nM Hoechst 33342 (stock:9 uM
in milli-Q water), 50 nM YO-PRO-1 (stock: 100 pM in DMSO), 1 uM Merocyanine
540, 15 pM propidium ioide (stock: 7.5 mM in milli-Q water) and 100 nM of
Mitotracker Deep Red (stock: 1 mM in DMSO). The other was prepared by adding the
same concentration of Hoechst 33342 and PI, and 10 pg/mL of PNA-FITC (stock of 0.2
mg/mL). We diluted 20 pL of sample in 0.5 mL of each staining solution in
polypropylene tubes for flow cytometry. The tubes were allowed to rest for 15 min in
the dark and then analyzed using a LSR-I flow cytometer (BD Biosciences, San José,
CA, USA). We used the three lasers of the cytometer to excite the different
fluorochromes. A 325 nm Helium-Cadmium UV laser for exciting the Hoechst 33342, a
488 nm Argon-lon laser for exciting YO-PRO-1, Merocyanine 540, PNA-FITC and PI,
and a 633 nm Helium-Neon laser for exciting Mitotracker Deep Red. We acquired the
FSC (forward-scatter light) and SSC (side-scatter light) signals plus the fluorescence
light of each fluorochrome using four photodetectors. FL.1 was used for YO-PRO-1 and
PNA-FITC (530/28BP filter), FL2 for Merocyanine 540 (575/26BP filter), FL3 for
propidium ioide (670LP filter), FL5 for Hoechst 33342 (424/44BP filter) and FL6 for
Mitotracker Deep Red (670/40BP filter). The acquisition was controlled using the Cell
Quest Pro 3.1 software. All the parameters were read using logarithmic amplification.
We set up an acquisition template in the software which allowed us first to discriminate

spermatozoa from debris within the events acquired. FSC/SSC and FL6/FL3 (Hoechst
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33342 vs. PI) dot plots were used to discard debris. The filtered events were displayed
in dot plots showing either FL1/FL3 (YO-PRO-1 vs. PI), FL6/FL3 (Mitotracker Deep
Red vs. PI) and FL2/FL3 (Merocyanine 540 vs. PI). We acquired 10000 spermatozoa
from each sample, saving the data in FCS v. 2 files.

Chromatin stability was assessed using the metachromatic staining Acridin
Orange (AO), which fluoresces green when combined with double stranded DNA, and
red when combined with single stranded DNA (denatured). Spermatozoa were diluted
with TNE buffer (0.15 M NaCl, 0.01 M Tris HCI, 1 mM EDTA; pH=7.4) to 2x10°
cells/mL. Samples were flash frozen in LN2 and stored at -80°C until analysis. For the
analysis, the samples were thawed on crushed ice and 200 pl were put on a cytometry
tube. Then, we added 400 pl of an acid-detergent solution (0.08 M HCI, 0.15 M NaCl,
0.1% Triton X-100, pH=1.2). Exactly 30 s after adding the acid-detergent solution, we
added 1.2 mL of staining solution (6 pg/mL of acridine orange in a buffer containing 37
mM citric acid, 126 mM Na,HPOy,, 1.1 mM disodium EDTA and 150 mM NacCl;
pH=6). We left the sample staining for 3 min, and then we run it through a Becton
Dikinson LSR-1 flow cytometer. Acridine orange was exciting with an Ar-ion las
providing 488 nm light. The red fluorescence was detected using a long pass (670LP)
filter (FL-3) and the green one using a band pass (530/28BP) filter (FL-1). Sample
acquisition was carried out with a CellQuest v. 3 software. Flow Cytometry data (FCS
files) were processed and saved as tabbed text using WinMDI v. 2.8 (The Scripss
Research Institute, La Jolla, California). We calculated the DNA Fragmentation Index
(DFT) for each spermatozoon as the ratio of red fluorescence respect to total
fluorescence (red+green). High values of DFI, indicates chromatin abnormalities. We

also calculated DF1%, as the percentage of spermatozoa with DFI >25, and High DNA
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Stainability (HDS) as the percentage of the spermatozoa with green fluorescence higher
than channel 600 (of 1024 channels).

2.5. Artificial insemination trials

Thawed sperm samples of all males were used to inseminate a total of 551 ewes in eight
farms. Sperm samples from each male were used to inseminate between 11 and 262
females. The ewes were synchronized using progestagen pessaries (30 mg fluorogestone
acetate, FGA; Chronogest, Intervet, The Netherlands) for 13 days followed by 500 IU
equine chorionic gonadotrophin (eCQG) at pessary removal. Ewes were inseminated intra
uterine by laparoscopy at 55-58 h after pessary removal. Two technicians carried out all
intra uterine inseminations in different dates.

We considered that a male scored a successful fertilization when the female
lambed. Fertility rate for each male was calculated as follows: number of lambed
ewes/number of ewes inseminated x 100. This rate was called Male fertility.

The males were classified according to fertility in two groups: high fertility,
those with fertility above mean (male fertility > 42%) and, low fertility, those with
fertility below mean (male fertility <41%).

2.6. Heterologous in vitro fertilization (IVF)

Heterologous IVF was carried out four times for each male and a minimum of twenty
oocytes were used each time (minimum 20; maximum 40). Calf ovaries about 1 year old
were collected at an abattoir and transported to our laboratory in saline (30°C) between

1 and 2 h after removal. Immature oocytes were collected from ovaries, using 19-gauge
needle, in TCM-199 supplemented with HEPES (2.39 mg/mL), heparin (2 pl/mL) and
gentamycin (40 pg/mL). Aspirated cumulus oocyte complexes (COC) were washed in
with the same medium, and those with dark homogeneous cytoplasm and surrounded by

tightly packed cumulus cells were selected and placed in four-well plates containing
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500 pl of TCM-199 supplemented with cysteamine (100 M) and epidermal growth
factor (EGF) (10 ng/mL) and matured at 38.5°C in 5% CO,.. After 24 h, COC were
washed in synthetic oviduct fluid supplemented with essential and non essential amino
acids [34] and cumulus cells were removed by gentle pipeting. Oocytes were transferred
into four-well plates with 400 pl of fertilization medium (SOF supplemented with 10%
of estrous sheep serum, ss, and 40 pg/mL gentamycin) under mineral oil.

Thawed spermatozoa were selected on a Percoll® discontinuous density gradient
(45/90) and were capacited in the fertilization medium for 10 min. Sperm was co-
incubated with oocytes at a final concentration of 10° mL™" at 38.5°C in 5% CO,.

Oocytes were evaluated visually with an inverted microscope 40 h later for
cleavage (two to eight cells). Then, the oocytes were fixed and stained with Hoechst
33342 to assure fertilization by the presence of 2 or more nuclei. The percentage of
cleaved oocytes was called Heterologous in vitro fertility.

2.7. Statistical analysis

Statistical analyses were performed using SPSS for Windows version 15.0 (SPSS Inc,
Chicago, III). All variables were transformed using arc sin (percentage) or decimal
logarithm. Dates were considered statically significant when p < 0.05.

First, an ANCOVA was carried out to know that variables could be indicative of
male fertility including five independent variables: insemination technician,
insemination date, farm, male as factors and number of inseminated ewes as covariate.
Also, all sperm parameters and heterologous in vitro fertility were compared between
fertility groups using a GLM-ANOVA. Comparisons were made by Bonferroni.
Multiple regression analyses were used to calculate regression equations and to predict

the male fertility on the basis of the analyses made in vitro.
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3. Results

Male fertility rates ranged from 22 to 62% with a mean value of ~ 42% (Table 1).
Differences in fertility rates among males were significant (P = 0.003) (Table 2).
Fertility only depended on the male. Thus, the insemination technician, the insemination
date, the farm or the number of inseminated ewes per male did not influenced the
significantly fertility rates (Table 2).

Heterologous in vitro fertility rates ranged from 31 to 59% with a mean value of
~47% (Table 1, Fig. 1). There were not significant differences between males for
heterologous in vitro fertility (P = 0.340). However, the males classified as of high
fertility (55.11£3.06%) had significantly higher (P = 0.020) in vitro fertility than those
of low fertility (38.90.£3.06%).

The values for the sperm parameters after thawing are showed in Table 1. There
was a great variability between males with respect to the values of sperm quality.
However, the two fertility groups did not show significant differences (P > 0.05) for the
different sperm parameters (Table 3).

To calculate expected fertility, all tested parameters were included in a
predictive equation. Stepwise multiple regression analysis was used to select the
independent variables that best predicted fertility values. Only the heterologous in vitro
fertility showed a relationship with in vivo male fertility (r = 0.76; P = 0.025). Thus,
the males with higher heterologous in vitro fertility were those with higher in vivo

fertility (Fig. 1).

4. Discussion
In the present study we assessed the relationship between different sperm parameters

and heterologous in vitro fertility with the male fertility. Heterologous in vitro
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fertilization tests were useful to assess the fertility of thawed ram sperm since a high
relationship was showed between in vitro fertility and in vivo male fertility.

Hybrid embryos may occur almost exclusively between closely related species
[35]. Slavik et al. [36] produced hybrid zygotes to the 8 cell-stage by in vitro
fertilization of in vitro matured bovine oocytes with ram semen and others authors [28-
30] obtained hybrid embryos to the same stage using bovine oocytes and spermatozoa
of different antelope species.

So far, heterologous I'VF tests using zona-free oocytes and ovum have been used
to assess the sperm functionality [21-25,37]. Nevertheless, some authors have used
zona-free hamster tests to study the relationship with in vivo fertility [38]. However, the
zona-free hamster assay evaluates only a part of the process of fertilization, since it does
not measure the ability of spermatozoa to bind and penetrate the zona pellucida and
later on the cleavage rate [38]. Others authors have used these assays using zona-intact
oocytes [28-31]. However, in these works have been not studied the relationships with
in vivo fertility.

Alternatively, homologous IVF tests if have been used to assess the fertility of
thawed spermatozoa. Thus, Papadopoulos et al. and O’Meara et al. [19,20] studied the
relationship between in vitro and in vivo fertility for thawed ram semen using cervical
artificial insemination. In these works, the in vitro fertility was related with non-return
rate, but not with the pregnancy rate [19]. However, when these authors inseminated
oocytes with low sperm concentration (0.0625 x 10° spermatozoa/mL), the cleavage rate
at 48 hours in an IVF system showed a relationship with the pregnancy rate [20]. Our
results do not agree with that study since a relationship between the in vitro fertility and
male fertility was showed, despite using a normal sperm concentration (106

spermatozoa/mL) to inseminate calf oocytes. These differences could be due to the
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different insemination technique. Thus, we inseminated intrauterinely by laparoscopy,
whereas they carried out cervical inseminations [19,20]. The conditions of spermatozoa
after intrauterine insemination may be more similar to those of in vitro fertilization.
Cryopreservation damages severely to spermatozoa and when this type of semen is used
in cervical insemination the fertility is clearly reduced, partly due to the high structural
complexity of the ewe cervix which prevents deep artificial insemination [39-42]. Since
the routine IVF procedures are designed to maximize blastocyst yields, in order, to find
relationships between in vivo and in vitro fertility using cervical insemination, we
would need to subject the spermatozoa used in the vitro fertilization systems to limiting
conditions with the purpose of mimicking the conditions of the sperm subpopulation
after cervical insemination. Thus, O’Meara et al. [20] using an extreme sperm
concentration in an IVF procedure were able to predict the fertility of ram thawed
sperm. However, our results agree with those obtained by Smith et al. [43] who found
significant correlations (r = 0.521; P < 0.003) between ram fertility after laparoscopic
artificial insemination and cleavage rate obtained in a homologous IVF assay using a
high sperm concentration (2 x 10° spermatozoa/mL) to inseminate the oocytes.

Although, the number of spermatozoa used in our intrauterine inseminations
trials was high (50 x 10° spermatozoa/per straw), we could clearly find relationships
between in vivo and in vitro fertility. It could be due to that the number of spermatozoa
decreased after the uterotubal junction, as it has been showed by Suarez et al. [44].
Thus, the number of spermatozoa reaching the oocyte would be much lower, resembling
the situation of the in vitro fertilization test.

Our results showed that post-thawing sperm quality varied between males.
However, these differences did not discriminated among fertility groups, which showed

no differences for the sperm parameters assessed. Moreover, any of the sperm
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parameters obtained by flow cytometry was of predictive value for fertility, in the
stepwise multiple regression analysis. These outcomes agree with those obtained by
O’Meara et al. [16] who did not found any relationship between sperm quality after
thawing, employing sperm functional tests similar to ours, and comparing with ram
fertility after cervical insemination. Furthermore, Hallap et al. [11] did not found any
correlation between the mitochondrial status and in vivo fertility, although they showed
that the percentage of spermatozoa with unstable membrane, using the triple
fluorochrome combination [Merocyanine 540/YO-PRO-1/H33342] was related to the
non-return rates [6]. Likewise, others authors have showed relationships between
different sperm characteristics and in vivo fertility. Thus, Januskasuskas et al. [13]
found a relationship between viability assessed by flow cytometry and non-return rates
(r=10.68; P <0.01). Furthermore, Garcia-Macias et al. [15] showed a correlation
between DNA integrity evaluated by Sperm-Bos-Halomax and flow cytometry and the
fertility. In addition, in the previous reports the fertility was related to routine sperm
parameters, such as subjectively assessed motility or the morphology.

We were not able to find correlations between the sperm quality and fertility.
Some sperm attributes assessed in this study (i.e: motility, intact acrosomes, membrane
stability and DNA stability), might not have a critical role when intrauterine
insemination is performed, since the semen is deposited close to the insemination site.
Moreover, it is possible that some techniques used to assess the sperm quality were not
sufficiently powerful to predict differences in the fertility or that the sperm population
after intrauterine insemination were different from the population evaluated in the
different tests, which is more heterogeneous. Thus, the methods used in the laboratory
to separate spermatozoa (swim-up, Percoll®...) can be useful to obtain a sperm

population with attributes of importance to fertilize the oocytes, as it has been suggested
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by Rodriguez-Martinez [2,3] and for this reason we have noted a relation between in
vitro fertility of spermatozoa subject to a separation procedure using Percoll® and in
vivo fertility. Nevertheless, we must keep in mind that the number of males used in this
study was low. For studying relationship between sperm quality and in vivo fertility, it
would be necessary to have a larger male population, with a higher heterogeneity with
regard to the fertility.

In conclusion, the results of this study indicate that heterologous in vitro
fertilization assays using zona-intact calf oocytes are good procedures to predict the
fertility of thawed ram semen after laparoscopic intrauterine insemination, whereas,

other tests used to evaluate the sperm quality were not related to fertility.

ACKNOWLEDGEMENTS:

This work was supported by Instituto de Investigacion y Tecnologia Agraria y
Alimentaria (INIA) (Project RTA 2005-00091-CO2) and by the Education and Science
Council of Junta de Comunidades de Castilla-La Mancha (PBI-05-011). The authors
thank to Frimancha Industrias Carnicas S.A. for their collaboration in the collection of
the samples used in this work. Olga Garcia-Alvarez and Alejandro Maroto Morales
were recipient of a scholarships from INIA and Junta de Comunidades de Castilla-La
Mancha respectively. Felipe Martinez-Pastor, M. Rocio Fernandez-Santos and Milagros
C. Esteso were supported by the Juan de la Cierva programme from Spanish Ministry of

Science and Innovation.

References
[1] Rogriguez-Martinez H. Laboratory semen assessment and prediction of fertility: still

utopia?. Reprod Domest Anim 2003;38:312-318.



366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

16

[2] Rodriguez-Martinez H. Can we increase the estimative value of semen assessment?.
Reprod Domest Anim 2006;41:2-10.

[3] Rodriguez-Martinez H. State of art in farm animal sperm evaluation. Reprod Fertil
Dev 2007;19:91-101.

[4] Rodriguez-Martinez H, Barth AD. In vitro evaluation of sperm quality related to in
vivo function and fertility. Soc Reprod Fertil 2007;64:34-59.

[5] Nagy S, Jansen J, Topper EK, Gadella BM. A triple satin flow cytometric method to
assess plasma-and-acrosome-membrane integrity of cryopreserved bovine sperm
immediately after thawing in presence of egg-yolk particles. Biol Reprod 2003;68:1828-
1835.

[6] Hallap T, Nagy S, Jaakma U, Johannisson A, Rodriguez-Martinez H. Usefulness of
a triple fluorochrome combination Merocyanine 540/Y O-PRO-1/Hoechst 33342 in
assessing membrane stability of viable frozen-thawed spermatozoa from Estonian
Holstein Al bulls. Theriogenology 2006;65:1122-1136.

[7] Pena FJ, Saravia F, Johannisson A, Wallgren M, Rodriguez-Martinez H. A new and
simple method to evaluate early membrane changes in frozen-thawed boar spermatozoa.
Inter J Androl 2005;28:107-114.

[8] Pena FJ, Saravia F, Johannisson A, Wallgren M, Rodriguez-Martinez H. Detection
of early changes in sperm membrane integrity pre-freezing can estimate post-thaw
quality of boar spermatozoa. Anim Reprod Sci 2007;97:74-83.

[9] Martinez-Pastor F, Fernandez-Santos MR, del Olmo E, Dominguez-Rebolledo AE,
Esteso MC, Montoro V, Garde JJ. Mitochondrial activity and forward scatter vary in
necrotic, apoptotic and membrane intact spermatozoan subpopulations. Reprod Fert and

Dev 2008;20:547-556.



390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

17

[10] Ganer DL, Thomas ChA, Joerg HW, Dejarnette JM, Marshall CE. Fluorometric
assessments of mitochondrial function and viability in cryopreserved bovine
spermatozoa. Biol Reprod 1997;57:1401-1406.

[11] Hallap T, Nagy S, Jaakma U, Johannisson A, Rodriguez-Martinez H.
Mitochondrial activity of frozen-thawed spermatozoa assessed by MitoTracker Deep
Red 633. Theriogenology 2005;63:2311-2322.

[12] Kjaestad H, Ropstad E, Andersen BK. Evaluation of spermatological parameters
used to predict the fertility of frozen bull semen. Acta Vet Scand 1993;34:299-303.

[13] Januskauskas A, Johannisson A, Rodriguez-Martinez H. Subtle membrane changes
in cryopreserved bull semen in relation to sperm viability, chromatin structure and field
fertility. Theriogenology 2003;60:743-758.

[14] Tartaglione CM, Ritta MN. Prognostic value of spermatological parameters as
predictors of in vivo fertility of frozen-thawed bull semen. Theriogenology
2004;62:1245-1252.

[15] Garcia-Macias V, de Paz P, Martinez-Pastor F, Alvarez M, Gomes-Alves S,
Bernardo J, Anel E, Anel L. DNA fragmentation assessment by flow cytometry and
Sperm-Bos-Halomax (bright-field microscopy and fluorescence microscopy) in bull
sperm. Int J Androl 2007;30:88-98.

[16] O’Meara CM, Hanrahan JP, Prathalingam NS, Owen JS, Donovan A, Fair S, Ward
F, Wade M, Evans ACO, Lonergan P. Relationship between in vitro sperm functional
tests and in vivo fertility of rams following cervical artificial insemination of ewes with
frozen-thawed semen. Theriogenology 2008;69:513:522.

[17] Zhang BR, Larsson B, Lundeheim N, Rodriguez-Martinez H. Relationship between

embryo development in vitro and 56-day nonreturn rates of cows inseminated with



414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

18

frozen-thawed semen from dairy bulls. Zhan BR, Larsson B, Lundeheim N, Rodriguez-
Martinez H. Theriogenology 1997;48:221-231.

[18] Schneider CS, Ellington JE, Wright RW. Relationship between bull field fertility
and in vitro embryo production using sperm preparation methods with and without
somatic cell co-culture. Theriogenology 1999;51:1085-1098.

[19] Papadopoulos S, Hanrahan JP, Donovan A, Duffy P, Boland MP, Lonergan P. In
vitro fertilization as a predictor of fertility from cervical insemination of sheep.
Theriogenology 2005;63:150-159.

[20] O’Meara CM, Hanrahan JP, Donovan A, Fair S, Rizos D, Wade M, Boland MP,
Evans ACO, Lonergan P. Relationship between in vitro fertilization of ewe oocytes and
the fertility of ewes following cervical artificial insemination with froze-thawed ram
semen. Theriogenology 2005;64:1797:1808.

[21] Hanada A, Chang MC. Penetration of zona-free eggs by spermatozoa of different
species. Biol Reprod 1972;6:300-309.

[22] Yanagimachi R, Yanagimachi H, Rogers BJ. The use of zona-free animal ova as a
test-system for the assessment of the fertilizing capacity of, human spermatozoa. Biol
Reprod 1976;15:471-476.

[23] Bousquet D, Brackett BG. Penetration of zona-free hamster ova as a test to assess
fertilizing ability of bull sperm after frozen storage. Theriogenology 1982;17:199-212.
[24] Berger T, Parker K. Modification of the zona-free hamster ova bioassay of boar
sperm fertility and correlation with in vivo fertility. Gam Res 1989;22:385-397.

[25] Comizzoli P, Mauget R, Mermillod P. Assessment of in vitro fertility of deer
spermatozoa by heterologous IVF with zona-free bovine oocytes. Theriogenology

2001;56:261-274.



438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

19

[26] Florman HM, Storey BT. Mouse gamete interactions. the zone pellucida is the site
of the acrosome reaction leading to fertilization in vitro. Dev Biol 1982;91:121-130.
[27] Cardullo RA, Thaler CD. Function of the egg’s extracellular matrix. In:
Fertilization, Hardy DM (Ed.), Academic Press, 2002, pp. 119-144.

[28] Roth TL, Weiss RB, Buff JL, Bush LM, Wildt DE, Bush M. Heterologous in vitro
fertilization and sperm capacitation in an endangered African antelope, the Scimitar-
Horned Oryx (Oryx dammah). Biol Reprod 1998;58:475-482.

[29] Roth TL, Bush LM, Wildt DE, Weiss RB. Scimitar-Horned Oryx (Oryx dammah)
spermatozoa are functionally competent in a heterologous bovine in vitro fertilization
system after cryopreservation on dry ice, in a dry shipper, or over liquid nitrogen vapor.
Biol Reprod 1999;60:493-498.

[30] Kouba AJ, Atkinson MW, Gandolf R, Roth TL. Species-Specific sperm-egg
interaction affects the utility of a heterologous bovine in vitro fertilization system for
evaluating antelope sperm. Biol Reprod 2001;65:1246-1251.

[31] Soler AJ, Poulin N, Fernandez-Santos MR, Cognie Y, Esteso MC, Garde JJ,
Mermillod P. Heterologous in vitro fertility evaluation of cryopreserved Iberian red deer
epididymal spermatozoa with zona-intact sheep oocytes and its relationship with the
characteristics of thawed spermatozoa. Reprod Domest Anim 2008;43:293-298.

[32] Fiser PS, Ainsworth L, Fairfull RW. Evaluation of a new diluent and different
processing procedures for cryopreservation of ram semen. Theriogenology
1987;28:599-607.

[33] Tamuli M, Watson PF. Use of simple staining technique to distinguish acrosomal
changes in the live sperm subpopulation. Anim Reprod Sci 1994;35:247-254.

[34] Gardner DK, Lane M, Spitzer A, Batt PA. Enhanced rates of cleavage and

development for sheep zygotes cultured to the blastocyst stage in vitro in the absence of



463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

20

serum and somatic cells: amino acids, vitamins, and culturing embryos in groups
stimulate development. Biol Reprod 1994;50:390-400.

[35] Chang MC, Hancock JL. Experimental hybridization. In: Comparative aspects of
reproductive failure, Benirschke K (Ed.), New York, 1967, pp. 206.

[36] Slavik T, Kopecny V, Fulka J. Development failure of hybrid embryos originated
after fertilization of bovine oocytes with ram spermatozoa. Mol Reprod Dev 1997;
48:344-349.

[37] Soler AJ, Garde JJ. Relationship between the characteristics of epididymal red deer
spermatozoa and penetrability into zona-free hamster ova. J Androl 2003;24:393-400.
[38] Choudhry TM, Berger T, Dally M. In vitro fertility evaluation of cryopreserved
ram semen and its correlation with relative in vivo fertility. Theriogenology
1995;43:1195-1200.

[39] Halbert GW, Dobson H, Walton JS, Buckrell BC. The structure of the cervical
canal of the ewe. Theriogenology 1990;33:977-992.

[40] Kaabi M. Analisis de factores morfoestructurales, instrumentals y metodologicos
de la inseminacion artificial en la oveja. Tesis Doctoral, Facultad de Veterinaria ,
Universidad de Ledn, Spain 2002.

[41] Watson PF. The causes of reduced fertility with cryopreserved semen. Anim
Reprod Sci 2000;60-61:481-492.

[42] Anel L, Kaabi M, Abroug B, Alvarez M, Anel E, Boixo JC, de la Fuente LF, de
Paz P. Factors influencing the success of vaginal and laparoscopic artificial
insemination in churra ewes: a field assay. Theriogenology 2005;63:1235-1247.

[43] Smith JF, Parr J, Murray GR, Clarke AG, McDonald RM, Duganzich DM.
Relationship between laboratory measures of ram sperm competence and field fertility.

Proc N Z Soc Anim Prod 1998;58:181-185.



488

489

[44] Suarez SS, Brockman K, Lefebvre R. Distribution of mucus and sperm in bovine

oviducts after artificial insemination. Biol Reprod 1997;56:447-453.

21



22

Figure 1. Relationship between in vivo male fertility (AI) and heterologous in vitro

fertility (IVF)
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Table 1. Descriptive statistics (mean, standard deviation (SD), and range) for male

fertility, heterologous in vitro fertility and sperm parameters for thawed ram

spermatozoa.
Parameters Mean (%) SD (%) Range: min-max
(%)
Male fertility 42.33 6.84 22-62
Heterologous in vitro fertility 47.00 4.11 31-59
Motility 50.00 5.32 30-70
NAR 46.83 10.84 13-74
Viability 45.16 7.88 20-66
YO-PRO-1-/PI- 80.82 3.91 65-91
M540-/P1- 65.80 4.74 50-85
Mitotracker+/PI- 67.08 7.86 35-90
PNA+/PI- 97.39 0.95 93-99
DFI 1.03 0.12 0.7-1.6
HDS 6.70 0.54 5-8

Sperm parameters: NAR: spermatozoa with normal acrosomal apical rigde; YO-PRO-1-
/PI-: live spermatozoa with stable membrane; M540-/PI-: live spermatozoa with low
membrane phospholipid disorder; Mitotracker+/PI-: live spermatozoa with high
mitochondrial membrane potential; PNA+/PI-: live spermatozoa with intact acrosome;
DFI: % spermatozoa with DFI (DNA fragmentation index) higher that 25%; HDS: %
spermatozoa with high DNA stainability (green fluorescence higher than channel 600)
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Table 2. GLM of male fertility on number of inseminated ewes, insemination

technician, insemination date, farm and male (Model: ’=0.83; P = 0.002).

Dependent variable Independent variable P
Number of inseminated ewes 0.584
Insemination technician 0.156
Male fertility Insemination date 0.323
Farm 0.207

Male 0.003




Table 3. Values (LSMean = SEM) for the sperm parameters in the groups of high and low fertility

25

Sperm Parameter (%)

Fertility group Motility NAR Viability YO-PRO-1-/PI- M540-/PI- Mitotracker+/PI- PNA+/PI- DFI HDS
High fertility 50.00+8.41°  46.33+17.14" 45.66+12.46 82.17+6.12° 60.08+6.31° 60.79+11.61° 97.87+1.47"  1.03£0.20" 6.73+0.86"
Low fertility 50.00+8.41°  47.33+17.14" 44.66+12.46 79.47+6.12° 71.52+6.31° 73.36+11.61° 96.91+1.47°  1.03£0.20° 6.66+0.86"

Different superscripts within a column differ significantly. Sperm parameters: NAR: spermatozoa with normal acrosomal apical ridge; YO-
PRO-1-/PI-: live spermatozoa with stable membrane; M540-/PI-: live spermatozoa with low membrane phospholipid disorder;
Mitotracker+/PI-: live spermatozoa with high mitochondrial membrane potential; PNA+/PI-: live spermatozoa with intact acrosome;
DFI: % spermatozoa with DFI (DNA fragmentation index) higher that 25%; HDS: % spermatozoa with high DNA stainability (green
fluorescence higher than channel 600)
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Dear Editor of Theriogenology,

Our manuscript “Heterologous in vitro fertilization is a good procedure to assess
the fertility of thawed ram spermatozoa” is aimed at improving the current
knowledge on methods to assess the ferfility. In this study, we have assessed
different sperm parameters, including the ability of spermatozoa to fertilize in
vitro matured oocytes in a heterologous in vitro fertilization test, and the
relationship of these sperm parameters with in vivo fertility. We have found that
the heterologous in vitro fertility is correlated with in vivo fertility, but we have
not found relationships between sperm quality and in vivo fertility. Our results
may have a direct application for the insemination centers, since the fertility of
thawed ram spermatozoa can be assessed by heterologous in vitro fertilization
test.
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