UNB

Universitat Autonoma de Barcelona

Further approaches on sperm cryopreservation protocol towards the establishment of the
sperm bank from endangered native Catalan ram breeds (Xisqueta and Aranesa)

Uchebuchi Ike Osuagwuh

ADVERTIMENT. L’accés als continguts d’aquesta tesi queda condicionat a I'acceptacié de les condicions d’Us
establertes per la seglent lliceéncia Creative Commons: @ M) http://cat.creativecommons.org/?page_id=184

ADVERTENCIA. El acceso a los contenidos de esta tesis queda condicionado a la aceptacion de las condiciones de uso
establecidas por la siguiente licencia Creative Commons: @@@@ http://es.creativecommons.org/blog/licencias/

WARNING. The access to the contents of this doctoral thesis it is limited to the acceptance of the use conditions set

by the following Creative Commons license: @@@@ https://creativecommons.org/licenses/?lang=en




UNB

Universitat Autonoma de Barcelona

Further approaches on sperm cryopreservation
protocol towards the establishment of the sperm
bank from endangered native Catalan ram breeds
(Xisqueta and Aranesa)

Uchebuchi Ike Osuagwuh

Doctoral Thesis

Facultat de Veterinaria
Departament de Medicina i Cirurgia Animal
Universitat Autonoma de Barcelona

2017






Dra. Maria Jesus Palomo Peird, Profesora Titular del Departament de Medicina i

Cirurgia Animals de la Facultat de Veterinaria de la Universitat Autonoma de Barcelona

Certifica:

Que la tesis titulada “Further approaches on sperm cryopreservation protocol towards
the establishment of the sperm bank from endangered native Catalona ram breeds
(Xisqueta and Aranesa)”, presentada por Uchebuchi Ike Osuagwuh para optar al grado
de Doctor en Veterinaria se ha realizado bajo mi direccion y, considerandola acabada,

autorizo su presentacion para que sea juzgada por la comision correspondiente.

Bellaterra (Cerdanyola del Vallés), Septiembre de 2017.

Dra. Maria Jesus Palomo Peird Sr. Uchebuchi ke Osuagwuh

Directora Candidato






SUMMARY
RESUMEN
CHAPTER I.

TABLE OF CONTENT

INTRODUCTION

CHAPTER Il. OBJECTIVES
CHAPTER Ill. LITERATURE REVIEW

3.1
311
3.1.2
3.1.3
3.14
3.15

3.2
3.2.1
3.2.2
3.2.3
3.24
3.25
3.3.6
3.3.7

3.3
3.3.1
3.3.2
3.3.3
3.34
3.35
3.3.6
3.3.7
3.3.8

Factors influencing sperm production and quality on rams
Donor Age

Size of testis

Method of collection

Breed

Season and environment

Semen cryobank and sperm cryopreservation factors
Specie and individual male factor

Semen collection method

Seminal plasma effect

Season

Freezing extender and cryoprotectant

Refrigeration

Freezing and thawing rates

Semen Analysis

Evaluation of Sperm Motility

Sperm analysis through flow cytometry

Analysis of the sperm plasma membrane integrity
Analysis of mitochondrial functionality

Analysis of acrosomal integrity

Oxidative stress analysis

Analysis of free-cysteine residues in sperm nucleoproteins

Thermal resistance test

11
11
12
12
12
13
14
15
16
16
17
18
19
20
22
22
24
25
26
26
27
28
29



CHAPTER IV. RESULTS 31
Study 1. Influence of melatonin implantation during a non-breeding season 33
to semen donor rams on semen parameters held for 24h at 5°C
Study 2. A Comparison of Semen Collection Methods (electroejaculation 55
vs. artificial vagina) on the Quality of Pre- and Post-thawed
Aranesa Ram Spermatozoa
Study 3. Effect of semen washing on thawed ram spermatozoa subjected to 75
a four hours post-thawing thermal evaluation test
Study 4. Assessment of post-thawed (washed vs. unwashed) ram sperm 83
quality after incubation with autologous whole seminal plasma
obtained by electroejaculation and artificial vagina
CHAPTER V. GENERAL DISCUSSION 101
CHAPTER VI. CONCLUSSIONS 111
CHAPTER VII. REFERENCES 115



SUMMARY



The new interest towards the characterization and conservation of Aranesa and Xisqueta
ram breeds was constituted by ex situ programs using assisted reproductive techniques
(ARTS) such as semen cryopreservation and the development of sperm banks. Therefore, the
most commonly used application in the development of sperm banks are semen collection
and freezing, and this requires the knowledge of the reproductive physiology for these
species. Besides semen collection and freezing, its utilization towards artificial insemination
(Al) as well as the suitable assisted reproductive technologies is also a key aspect in order to
prevent the disappearance of these breeds and maintain their genetic diversity. However,
there are still concerns due to issues regarding frozen-thawed sperm quality. With the present
technological advances made in recent years on sperm evaluating techniques such as the use
of computer-assisted sperm analysis (CASA) and flow cytometry, a wealth of information on
their sperm characteristics may be achieved. Furthermore, as the application of refrigerated
and frozen-thawed semen technology increases, more information on sperm quality and
advances are required. To this regard, the general aim of this thesis was to provide some basic
information on Aranesa and Xisqueta sperm processes for cryopreservation and to determine
the efficacy of some strategies towards improving post-thawed sperm quality prior to testing

its usefulness for further application.

In this doctoral thesis, we evaluated the seasonal effect and the melatonin implantation on
scrotal circumference, time of semen emission and characteristics of fresh ram ejaculates
collected by electroejaculation. In addition, the sperm qualitative characteristics stored at 5°C
and held for 24h in a cryopreservation media from the various treated males during non-
breeding was determined, and directly compared with same parameters from a breeding
season. The goal was to provide some useful information on holding spermatozoa below
body temperature to various time periods prior to cryopreservation or as an alternative to
frozen-thawed semen for Al. In this study, semen was collected (n=8) from ten rams
(Aranesa and Xisqueta breeds) via electro-ejaculation during the non-breeding season; five
males were implanted with Melovine®, while the other five rams remained untreated.
Thereafter, semen was collected from six rams (n=8) during the breeding season. Results
from this study showed no difference in any sperm parameter between melatonin treated and
breeding season groups but both groups differed significantly (P < 0.05) when compared with
the untreated/non-breeding semen donor group except on scrotal circumference. Also, despite
all parameters being negatively influenced by the chilled liquid storage time, melatonin

treated group showed better sperm quality parameters when compared to other groups. This



study demonstrates that melatonin implantation during the non-breeding season improved

almost all qualitative sperm parameters studied during chilled liquid semen storage.

This thesis also addresses the efficacy of collection methods electroejaculation (EE) vs.
artificial vagina (AV)) on fresh and post-thawed sperm quality of Aranesa ram sperm
towards the establishment of a sperm bank. The aim being that for the successful sperm
cryobank establishment towards conservation, information on semen recovery methods on
pre- and post-thawed sperm quality is essential. This may lead to rapid constitution of the
sperm bank especially from a large number of untrained males within a short period of time.
Results in this study on fresh semen showed no significant difference between methods
except for volume, concentration, total sperm count and functional sperm membrane
integrity. Motility parameter was significantly higher in EE samples than those obtained via
AV in pre-freeze samples but none was observed after thawing. Post-thawed samples
evaluated by flow cytometry showed that semen sample obtained by EE had lower
percentage of viable cells with damaged acrosome and active mitochondria (cryo-
capacitation) and total acrosome damage than those via AV. Results herein supports the
inclusion of EE method as a viable alternative and quicker method for semen collection
towards the ongoing conservation program and establishment of Aranesa sperm cryobank.

Furthermore, in this thesis, we evaluated the sperm motility and qualitative characteristics of
ram spermatozoa cryopreserved with or without seminal plasma under a controlled condition
and subjected to a 4 h post-thawing thermal evaluation test. The aim being that exposing
these frozen-thawed sperm to thermal resistance test will provide some knowledge on their
survivability in the female genital tract towards fertilizing the ovum. This was achieved by
collecting semen from 5 males (5 years old) via artificial vagina, and split into two aliquots.
One aliquot was diluted (1:5) in Tris-citric acid-glucose (TCG) solution and washed twice by
centrifugation at 600 x g for 10 min, while the other aliquot was kept unwashed. Thereafter,
washed and unwashed sperm were extended in a TCG-based powdered egg yolk media and
frozen. Frozen-sperm were thawed and incubated at 37°C for 4 h. Results from this work
showed that unwashed samples generally had better results than washed samples as regards to
sperm motility characteristics irrespective of incubation. Also, post-thawing incubation time
had a significant effect on acrosome integrity and mitochondria functionality irrespective of
sperm treatment. This study demonstrates that the presence of seminal plasma prior to
cryopreservation was beneficial in maintaining post thawed sperm motility, and as such, may

be useful for ex situ ram sperm cryopreservation towards its use for artificial insemination.



The addition of seminal plasma to frozen-thawed sperm has been suggested as an alternative
measure to improving its sperm quality. Therefore, we evaluated the effect of removing
seminal plasma and freezing media by washing via centrifugation and subsequently
supplementing with autologous whole seminal plasma (20%) collected by EE from a non-
breeding and breeding season or by AV from a breeding season on frozen-thawed sperm
quality. Furthermore, the effect of incubating frozen-thawed sperm (washed and unwashed)
with the various seminal plasma sources for up to 90 min on sperm qualitative parameters
was evaluated. The aim being that supplementing these sperm samples with different seminal
plasma source following a thermal resistance test at 37°C will provide some information as
regards their quality and survivability in the female genital tract. Results herein on sperm
kinematics immediately after thawing showed that the addition of seminal plasma regardless
its source on cyropreserved sperm (washed and unwashed) generally had a positive effect on
sperm motility parameters. Also, after 90 min of incubation period, there was a decrease in
sperm motility, irrespective of sperm treatments. Furthermore, no difference was observed
amongst treatment groups with seminal plasma on all sperm function parameters evaluated by
flow cytometry immediately after thawing except on total acrosome integrity and
mitochondria functionality of washed sperm incubated with only PBS. This study
demonstrates that supplementing frozen-thawed sperm with seminal plasma irrespective of its
source maintained sperm functions and motility characteristics during a post-thawing
incubation period. Furthermore, washing by centrifugation or removal of freezing component

after thawing was not necessary.

We can therefore conclude from the results obtained in this thesis that melatonin implants on
male during a non-breeding season provided a beneficial effect on ram sperm during chilled
liquid storage, the inclusion of EE as method for semen collection towards the establishment
of a sperm bank is recommendable, and finally, the presence of seminal plasma prior to
cryopreservation or its addition to post-thawed sperm was important in maintaining sperm

motility and functions.



CHAPTER I

Introduction






Aranesa and Xisqueta are native Catalan breeds of sheep located in marginal areas across
the north of Catalonia, Spain. In the case of Aranesa sheep breed, they are characterized by
their meat and lamb production, and are highly adapted to the harsh conditions of traditional
grazing system in mountains and valleys during winter and summer periods (Esteban, 2003).
The geographical distribution of this species is in the Valley of Aran and to the north of the
province of Lleida, bordering the French border. In 2003, the Agriculture, Livestock and
Environment Services of the Aran Valley General Council reported that there were 64 sheep
farmers with a total of 2,569 Aranesa sheep, of which 1,489 were considered of pure race
following the racial standard described by Parés (2008). As regards the Xisqueta sheep, they
are located mainly in the Leridan regions of Pallars Jussa, Pallars Sobira, Alta Ribagorca and
Ribargoza. They are also scattered around in the regions of Monegros and Sobrarbe as well as
in regions that makes up the Plane of Lleida. They are characterized by their meat and lamb
production. Nonetheless, Avellanet et al. (2005) reported that the number of breeding stock is
between 12,000 and 15,000 individuals.

However, a recent survey has indicated a sharp decline of these breeds due to the low
generational changes in farming and was listed as endangered species with the brink of
extinction (Avellanet et al., 2005). Therefore, a new interest towards the characterization and
conservation of these breeds was constituted by ex situ programs using assisted reproductive
techniques (ARTSs) such as semen cryopreservation and development of sperm bank with its
ultimate use for artificial insemination (Al), which may eventually help to conserve these
breeds (Garcia, 2014). Despite the availability of literatures on the characteristics of semen
and factors affecting the reproductive abilities from several breeds of rams (Boland et al.,
1985; Wiemer et al., 1987; Osinowo et al., 1988), not much is known about these Catalonian
breeds. Nonetheless, to efficiently apply ART, it is important to understand the basic
reproductive physiology of these rams. However, ram semen preservation still remains a
critical factor either as frozen-thawed or in liquid storage for Al (Allai et al., 2015), or chilled

extended semen prior to freezing.

Moreover, a recent investigation by our group demonstrated the optimization of
cryopreservation protocols for these breeds by studying the substitution of several
components used in sperm freezing as well as the beneficial importance of melatonin

implants (Garcia, 2014). Despite the aforementioned, more work is required to provide



prognostic information in identifying sperm kinematics, morphological or physiological
behaviours thus indicating the state of the sperm at any given time in other to correlate its
quality and fertility (Gadea et al., 2005; Rodriguez-Martinez, 2006; Silva and Gadella, 2006).

With the present technological advances made in recent years on sperm evaluating
techniques such as the use of computer-assisted sperm analysis (CASA) and flow cytometry,
a wealth of information on their sperm characteristics may be achieved. Furthermore, as the
application of refrigerated and frozen-thawed semen technology increases, more information
on sperm quality and advances is required. Therefore, the failure towards these investigations
may result to loss of superior genetics, and if conception with Al could be improved through
strategies that enhance semen post-thaw quality, a greater chance for maintaining superior
genetics may be achieved. Several studies have focused on exploring different approaches to
improve semen quality or conception rate of domestic, wild and endangered animals. This
includes holding spermatozoa below body temperature to various time periods prior to
cryopreservation (Fiser and Fairfull, 1984; Purdy, 2006); refrigerated extended semen as an
alternative sperm storage to frozen semen (Evans and Maxwell, 1987; Rodriguez-Gil, 2006);
reversing seasonality effects on reproductive performances using subcutaneous melatonin
implants to give a desirable effect (Abecia et al., 2007); understanding the benefits and
limitation of various semen collection methods in domestic species or breeds in creating a
sperm bank as well as its effect on post-thawed semen quality (Nikolovski et al. 2013); sperm
washing by centrifugation to remove seminal plasma prior to freezing and its effect on the
post-thaw sperm quality (Moore et al., 2005; Fraser et al., 2007; ElI-Bahrawy, 2010; Naing et
al., 2011; Natali, 2011; Jiménez-Rabadan et al., 2012); supplementing post-thawed sperm
with seminal plasma and its effect during a post thawing incubation period on sperm quality
(Maxwell et al., 2007; Rovegno et al., 2013; Rebolledo et al., 2007; Rickard et al., 2014);
evaluation and maintenance of frozen-thawed sperm quality over an extended period of time
at 37°C (thermo-resistance test) as an indication towards sperm survivability in achieving
high fertility rates (Alvarez et al., 2000; Bag et al., 2004; Joshi et al., 2005). All these
approaches with some variations while using an established cryopreservation protocol in our

laboratory constitute the main components of this thesis.



Chapter 11

OBJECTIVES






The main goal of this thesis has been the creation of a sperm cryobank for Aranesa and
Xisqueta ram breeds using an established cryopreservation protocol with the aim of
understanding and improving sperm survival and functionality either as refrigerated or

frozen-thawed. Therefore, the following specific objectives were suggested:

1. To determine the influence of melatonin implantation during a non-breeding season
on scrotal circumference, time of semen emission and characteristics of fresh ram
ejaculates, and further, to evaluate their sperm qualitative characteristics held for 24h
at 5°C of liquid storage in a cryopreservation media with direct comparison to a

breeding season.

2. To evaluate the potential effect of two semen collection methods (electroejaculation
vs. artificial vagina) on sperm production and quality of fresh and frozen-thawed

Aranesa ram spermatozoa for the rapid constitution of a sperm bank.

3. To determine the resilience of washed (seminal plasma removal by centrifugation)
and unwashed frozen-thawed sperm samples during a 4-h incubation period. This was
aimed at providing some knowledge as regards sperm processes before

cryopreservation prior to testing its usefulness for further application.

4. To evaluate the effect of adding whole seminal plasma (20%) collected via
electroejaculation (breeding and non-breeding season) or via artificial vagina
(breeding season) on post-thawed washed and unwashed ram sperm quality.
Furthermore, to determine the resilience of these frozen-thawed sperm treatments

during a 90 minutes post-thawing incubation period at 37°C (thermo-resistance test).
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3.1. FACTORS INFLUENCING SPERM PRODUCTION AND QUALITY ON RAMS

In sexually matured male ruminants, sperm cells are produced in the seminiferous
tubules of the testis through a process called spermatogenesis and stored in the epididymis
where they undergo maturation (Hafez and Hafez, 2000). This process is regulated by
hormones called gonadotropins which are released into the bloodstream by the pituitary gland
(Evans & Maxwell, 1987). The hormones responsible for maintaining and regulating
spermatogenesis are the follicle stimulating hormone (FSH) and luteinizing hormone (LH).
FSH has a critical role in regulating spermiogenesis, by regulating the differentiation and
transformation of germ cells into spermatozoa thus controlling the fertilizing ability of the
sperm (Moudgal & Sairam, 1998). On the other hand, LH acts on the Leydig cells of the
testis to stimulate the production of testosterone which in turn acts on the seminiferous
tubules to promote spermatogenesis (Evans & Maxwell, 1987). Nonetheless, the processes
involved in sperm development and production reaches full maturation in about 50 days in
the ram (Hafez and Hafez, 2000).

In creating a sperm bank for its use towards artificial insemination (Al) which is
increasing becoming utilized, opportunities for substantial increase in the production and use
of frozen semen abounds. Therefore, to supply this demands, the Al industry must optimize
the factors affecting sperm production and semen quality.

3.1.1. Donor Age

In sheep, as in most other species, the quality and quantity of semen is strongly influenced
by age. The semen volume, motility and sperm concentration increased with advancing age,
while the percentage of dead and morphologically abnormal spermatozoa decreased (Mandiki
et al., (1998). Furthermore, a similar report has also been demonstrated in bulls in which
semen production and quality was improved in older males when compared with younger
ones (Brito et al., 2002). Also, Shannon and Vishwanath, (1995) and Garner et al., (1996)
reported that sperm morphology, concentration, motility and volume of the ejaculate
improved with an increase in the age of the bulls. These findings seem to indicate that the
genital system of the ram undergoes maturational changes during this period (Osinowo et al.,
1988; Toe et al., 2000). For example, a recent study by Lymberopoulos et al., (2010)

11



demonstrated that matured rams (4-5 years) had significantly lower values of sperm
hyperactivated motility, higher percentages of live non-capacitated sperm and cells with
intact plasma membrane, functional mitochondrial as well as greater lambing rate than

younger males (1-2years).

3.1.2. Size of testis

The testicular size of the testis has been regarded as a trait of choice in male (Matos and
Thomas, 1992). Furthermore, it has been demonstrated that genetic correlation exists between
scrotal circumference and semen volume as well as sperm motility (Rege et al., 2000).
Langford (1987) reported that there was an increase in sperm output from males with an
increased scrotal circumference. Therefore, scrotal circumference has been suggested as a
good indicator towards libido and sperm producing ability as well as the attainment of
puberty (Toe et al., 2000).

3.1.3. Method of collection

In small ruminants, semen collection via artificial vagina (AV) or electroejaculation (EE)
are commonly used methods. Nevertheless, the methods of semen collection have been
reported to affect sperm quality both in fresh ejaculates (Greyling and Gobbelaar 1983) as
well as on post-thawed sperm (Salamon and Maxwell 1995; Watson 1995). For example,
Marco-Jimenez et al. (2005) reported that the semen volume and concentration in the Guirra
ram was higher when collected by the AV method than the EE technique. In another study,
ejaculates via EE had larger seminal volume than those obtained via AV (Jiménez-Rabadan
et al. 2016), suggesting that the larger volume is as a result of increased seminal plasma (SP)
from the accessory sex glands due to electric stimulation (Marco-Jiménez et al. 2008).
Nonetheless, controversies still abounds on sperm quality as regards method of semen
collection.

3.1.4. Breed

The breed of males has been reported to significantly affect the semen characteristics

(Fernandez et al., 1993). For example, Corriedale rams was reported to have a lower semen
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production and sperm concentration with higher incidence of sperm abnormalities than rams
of other breeds like Polwarth, Merilin and Merino breeds of ram (Fernandez et al., 1993).
Furthermore, a similar study by Langford et al. (1998) reported that Canadian rams produced

more sperm per ejaculate (7.0 billion) than Finnish Landrace (3.3 billion).

3.1.5. Season and environment

Although, semen production in ram continues all year round (Chemineau et al., 1992), the
most important environmental factors influencing sperm production and quality are
season/photoperiod and temperature. Seasonal effects on semen quality are caused by several
factors, such as ambient temperature or humidity, day length, and available feed quality.
Seasonal variations in total protein content of the seminal plasma were found in rams, being
higher in autumn than in summer and winter (Gundogan, 2006). Furthermore, the exposure of
males to hot temperature has been reported to produce high abnormal morphological semen
profile (Marai et al., 2007).

Also, libido, semen production and fertilizing ability are significantly reduced in heat
stressed rams (Daader et al., 1985). This is suggested to be as a result of elevated temperature
on sperm quality due to the damage sustained during the late stages of spermatogenesis
(Howart, 1969). On the other hand, photoperiod has been demonstrated to have a significant
effect on the growth of testes and LH pulses, highest being in the short photoperiod seasons
such as autumn and winter and lowest in spring and summer (Lindsay et al., 1984; Malejane
et al., 2014). The gonadotropins and gonadal hormones act in concert with prolactin to
determine the function of the reproductive axis; this interaction potentially affects the
function of the gonads, accessory sex glands, secondary sex characteristics and the expression

of sexual and aggressive behaviour during sexual cycle in seasonal breeders (Lincoln, 1996).

However, reports on the significant effects of season on semen production differs (Fuerst-
Waltl et al., 2006). For example, Stalhdmmer et al. (1989) observed the highest sperm
concentration and total number of spermatozoa during summer, Mathevon et al. (1998) found
higher values during winter and spring, while Brito et al. (2002) failed to detect any effect of
season on semen production. Nevertheless, with the above-mentioned knowledge, sperm

production can be manipulated to give a desirable effect, especially in an out of breeding
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season with subcutaneous melatonin implants (Abecia et al., 2007), thereby reversing
seasonality effects on reproduction. Thus, melatonin implants have been reported to increase
scrotal size, improve semen quality and enhance reproductive performances outside breeding
periods (Palacin et al., 2008; Casao et al.,, 2008). In this regard, seasonality of
spermatogenesis may not be a limiting factor for an all year semen collection in the ram.
However, the influence of both seasonality and melatonin treatment on reproductive
parameters has strong genetic component and variation between individual rams, breeds and
or donor age (Mandiki et al., 1998; Karagiannidis et al., 2000; Garcia, 2014). Therefore, a
better knowledge on the influence of season on semen production is essential towards

creating a sperm bank.

3.2. SEMEN CRYOBANK AND SPERM CRYOPRESERVATION FACTORS

In 2007, the Food and Agricultural Organization (FAO) initiated the preservation of
animal genetic resources towards preventing the loss of animal genetic variability by
prioritizing in situ and ex situ preservation of genetic materials of endangered breeds.
Therefore, the creation of a sperm bank (ex situ) is recognized as a measure of conservation.
This allows for the storage of semen or other forms of genetic materials such as oocytes,
embryos, etc. for a prolonged period of time thereby ensuring the genetic diversity of species
(Holt and Pickard, 1999; Roldan et al., 2006). Nonetheless, the National Institute of
Agricultural Research (INIA) promoted the creation of a sperm bank for these native Catalan
breeds through early genetic selection of breeders towards cryopreservation (Garcia, 2014).
This was done to curb losses of their genetic variability as well as preventing their
possibilities of going extinct. However, in creating a sperm cryobank, the use of an effective
semen collection, freezing and evaluation technique is an integral aspect towards an effective
conservation program. Therefore, it is of great paramount importance in the understanding of
some basic reproductive physiology and semen characteristics of these species or breeds,
which needs cryopreserving before its application with the assisted reproductive techniques.

Sperm cryopreservation has been a useful tool for the storage and restoration of valuable
genetic resources, and in combination with assisted reproductive techniques, conservation of
endangered breeds may be practical (Maxwell and Watson, 1996; Holt and Pickard, 1999;
Watson, 2000). This involves various stages of any cryopreservation protocol such as

collection and extension of semen, addition of cryoprotectant, cooling rate to above 0 °C
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(equilibration time), freezing and thawing (Salamon and Maxwell, 2000). Despite the
similarities in most sperm cryopreservation protocols used in small ruminants (Shipley et al.,
2007; Parkinson, 2009), differences still exist between and within species due to breed or
species characteristics and response of sperm to cryopreservation protocols (Jiménez-
Rabadan et al., 2016). However, cryopreservation adversely impairs ram semen quality by
altering sperm function (Ledesma et al., 2016). This may be due to spermatozoa sensitivity to
extreme temperature changes during cooling, freezing and thawing, invariably leading to a
reduction in motility, viability, mitochondria membrane integrity, increase in reactive oxygen
species production and chromatin damage (Bailey et al., 2003; Said et al., 2010). These
alterations may affect the post thawing fertilizing capabilities as a result of reduced
survivability of the frozen thawed spermatozoa (Salamon and Maxwell, 1995; Ledesma et al.,
2016). During the last 50 years, numerous techniques have been developed and perfected in
order to obtain good fertility through the application of frozen seminal doses (Watson, 1995).
Although great advances in freezing bull semen and utilization have been successful, results
from other species such as ovine have been inconsistent and extremely low (O'Meara et al.,
2008; Barbas and Mascarenhas, 2009). Nevertheless, there are many factors affecting sperm
cryopreservation which influences the outcome of the process or fertility results (Purdy,
2006). These factors include species and individual, sperm collection technique, seminal
plasma, season, extender, cooling rate, equilibration time, freezing and thawing rate, among

others.
3.2.1. Specie and individual male factor

In small ruminants, there is evidence of qualitative differences between spermatozoa
resulting to differences in their susceptibility towards freezing and thawing (Curry, 2000).
This response of spermatozoa to freezing and thawing processes may vary between
individuals within the same species due to differences in their composition of cell membranes
(Salamon and Maxwell, 2000). It has also been demonstrated that sperm membrane lipid
composition influences the susceptibility of sperm cells to damage during cryopreservation
(Holt, 2000a). For example, ram sperm are more resistant to cold shock damage in
comparison with boar sperm (Holt, 2000b). Furthermore, inter-male and inter-ejaculates has
been shown to vary in sperm freezability during cryopreservation (Soler et al., 2003; Ramon
et al., 2013). To this regards, ejaculates are usually referred to as good freezers (GFE) or bad

freezers (PFE) due to the variation between ejaculates in accordance to their resilience to
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withstand freeze-thawing process (Yeste, 2016). This has been reported in some species such
as in boar (Yeste et al., 2013), goats (Dorado et al., 2010) and stallions (Yeste et al., 2015).
Furthermore, Yeste, (2016) reported that the individual response is not only related to
cryopreservation but to other semen processing procedure such as liquid storage.
Nonetheless, the post-thawing survival and motility of GFE has been demonstrated to be
more resistant on their chromatin structure than PFE (Casas et al., 2009). Although the
differential mode of action involved between GFE and PFE is not known, it has been
suggested that the freezabilty differences between them may be related to their genetic
differences, however, inconsistency still exist between species (Vilagran et al., 2015).
However, the addition of seminal plasma from GPE to PFE has been reported to increase its
freezability thereby improving motility and viability of PFE frozen-thawed sperm (Vilagran
et al., 2015). Therefore, for the successful application of cryopreservation towards
conservation, information on their sperm physiology and appropriate freezing methodology is
essential in other to prevent cellular damage during cryopreservation processes (Purdy,
2006).

3.2.2. Semen collection method

In creating a sperm cryobank, the use of an effective semen collection and evaluation
technique is an integral aspect to achieving this goal. In small ruminants, semen collection via
artificial vagina (AV) or electroejaculation (EE) are commonly used methods. Although, AV
is the preferred method (Leboeuf et al., 2000), semen collection from large numbers of
untrained rams makes sperm bank creation difficult as this technique requires previous
training periods (Wulster-Radcliffe et al., 2001). Alternatively, EE could be a useful
procedure for semen collection especially from untrained males (Jiménez-Rabadan et al.,
2012). This has been successfully used in collecting semen from wild ruminants (Asher et al.,
1990; Garde et al., 2003; Santiago-Moreno et al., 2009). Nevertheless, differences in
collection methods have been reported to affect sperm quality both in fresh ejaculates
(Greyling and Gobbelaar 1983) and post-thawed sperm (Salamon and Maxwell 1995; Watson
1995).

3.2.3. Seminal plasma effect

Many studies have tested the effect of seminal plasma on sperm quality during
cryopreservation with variable results. While there are reports demonstrating the positive

effects such as improved sperm resistance to cold or thermal shock, increase sperm motility
16



and its ability to migrate through the cervical mucus (Rebolledo et al., 2007; Rickard et al.,
2014), others have demonstrated detrimental (Maxwell et al., 2007; Rovegno et al., 2013) or
no effect (Morrier et al., 2003). These inconsistencies may be due to the complexity and
variance of seminal plasma amongst species (Mandiki et al., 1998), donor age (Muifio-Blanco
et al., 2008), seasons (Leahy et al., 2010) and or method of collection (Ledesma et al., 2014).
Nonetheless, seminal plasma is a complex mixture of secretion originating from the male
accessory organs (Gundogan, 2006). It is synthesized and secreted by the testes and accessory
sex glands and plays a significant role in the maintenance of sperm motility and freezability
(Turner et al., 2006). Furthermore, it contains proteins, enzymes, lipids, electrolytes, sugars
and various other factors, which may play significant roles in the metabolic regulation of
sperm cells (Maxwell et al., 1999). Many studies have shown that the low content of seminal
plasma proteins is associated with poor semen quality (White et al., 1987; Ashworth et al.,
1994). Also, Taha et al., (2000) reported that the reduction in sperm concentration and
motility are associated with a decrease in seminal plasma lipid content. Seminal plasma has
also been reported to maintain sperm motility and viability in many species (Maxwell et al.,
1996) and increase the sperm resistance to cold shock injury (Barrios et al., 2000), by
providing specific components that stabilize the membrane of the frozen-thawed sperm cells
(Maxwell & Watson, 1996). In addition, Maxwell et al. (1999) reported that the penetration
of sperm cells through the cervical mucus was improved and fertility after cervical
insemination of ewes significantly increased when frozen-thawed sperm supplemented with
20% seminal plasma was used. Nonetheless, other studies on seminal plasma have also
demonstrated detrimental effect (Maxwell et al., 2007; Rovegno et al., 2013) or no effect
(Morrier et al., 2003). Therefore, in order to prevent this adverse effect, some works have
suggested that the removal of seminal plasma from the ejaculates by centrifugation increased
post thawed sperm motility and functions (Kozdrowski et al., 2007; Garcia, 2014). Despite
the abovementioned suggestion, other studies have shown no effect (Cabrera et al., 2005) or
detrimental effect (Barrios et al., 2000; 2005) of seminal plasma removal on post thawed

sperm quality.
3.2.4. Season

Although, semen production in small ruminants continues all year round (Chemineau et
al., 1992), season and photoperiod has been an important factor towards the success of sperm

collection and quality (Shackell et al., 1977). Several positive changes have been associated

17



with season such as increase in testicular weight, volume of ejaculates, libido and fertility,
and these has been associated during the period of autumn and winter considered as breeding
season (Shackell et al., 1977; Mandiki et al., 1998; D’Alessandro and Martemucci, 2003).
Furthermore, the effect of season has been demonstrated to affect the response of
spermatozoa to the freeze-thawing process in several domestic animals (Fiser and Fairful,
1983; Janett et al., 2003; D’ Alessandro and Martemucci, 2003; Medrano et al., 2010; Coloma
et al., 2011). Also, the improvement of fertility of frozen-thawed sperm from rams has been
associated with the changes in seminal plasma obtained during the breeding season (Smith et
al., 1999). In addition, many works have demonstrated the beneficial effect on sperm quality
by supplementing sperm with seminal plasma obtained during the breeding season
(Dominguez et al., 2008; Leahy et al., 2010). However, the interaction between season and
seminal plasma to frozen thawed sperm has yielded variable results (EI-Rajj Ghaoui et al.,
2007).

3.2.5. Freezing extender and cryoprotectant

Semen extenders (or diluents) were developed in order to provide an acceptable buffering
capacity, osmolality, various sources of energy, to minimize bacterial growth and provide
protection due to decreases in temperature (Vishwanath and Shannon, 1997; Purdy, 2006).
The composition of an extender in which semen is diluted before freezing is a major factor
that influences the success of cryopreservation (De Leeuw et al., 1993; Woelders et al.,
1997). However, a cryopreservation media includes a non-penetrating cryoprotectant, a
penetrating cryoprotectant, a buffer, one or more sugars, salts and antibiotics (Evans and
Maxwell, 1987). The need to control ice crystal formation during freezing is of great
importance (Mazur, 1980) and several penetrating cryoprotentants have been tested with
glycerol being the most commonly used (Holt, 2000b). Its protective effect is its ability to
reduce thermal stress thereby preventing fractures in the frozen media by reducing the total
ice volume expansion during water crystallization (Gao et al., 1995). However, glycerol also
has a negative effect on spermatozoa (Hammerstedt et al., 1990; Holt, 2000b) and this
depends on the extender composition, method of glycerol addition, cooling and freezing rates
(Salamon and Maxwell, 1995; Salamon and Maxwell, 2000). Nonetheless, other penetrating
cryoprotectants such as sucrose, raffinose, trehalose and lactose, polymers such as polyvinyl
pyrrolidone (PVP) and the amphipathic compounds such as glycine betaine, glutamine and

proline have been identified as potentially cryoprotective (Lahnsteiner et al., 1996; Holt,
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2000a; Sztein et al., 2001, Sanchez et al., 2011). The most common non-penetrating
cryoprotectant used in semen cryopreservation is egg yolk due to its protecting effect on
sperm acrosomal and plasmatic membranes (Salamon and Maxwell, 2000). Egg yolk helps in
protecting sperm cells against cold-shock which is a lipid-phase transition effect (Drobnis et
al., 1993). However, with current need for disease control and deviation from animal sources
for cryoprotective media, research is ongoing to find alternatives to egg yolk (Holt, 2000b). A
recent investigation has demonstrated the success of cryopreserving semen in a Tris
(hydroxymethyl-aminoethane)-citric acid-glucose (TCG) based media containing 5%
glycerol and 15% (v/v) powder egg yolk (PEY) from Aranesa and Xisqueta rams (Garcia,
2014). Such a test was designed to study the use PEY as an alternative cyroprotectant to fresh
egg yolk in order to reduce the potential risk of microbiological contamination due to
concerns regarding bacterial or viral transmission between extenders containing fresh egg
yolk. Moreover, the pasteurization process during the production of PEY helps to destroy
microorganisms and give a higher homogenous composition makes it safe to use (Thibier and
Guerin, 2000).

3.2.6. Refrigeration

When ram semen is diluted in a freezing extender, it is cooled to 4-5°C
(refrigeration/equilibration time). This period is the interval in which the sperm cell remains
in contact with glycerol before freezing thereby allowing cryoprotectant to penetrate the cells
and aiding equilibrium between intra and extracellular medium (Evans and Maxwell, 1987b).
This equilibration time varies between species. This decrease in temperature produces a
reduction in metabolic activity of cells as well as maintaining spermatozoa functionality.
However, changes in sperm membrane that alter its functionality are produced during this
period (Amann, 1999). The different rates (slow and fast) have been studied in several
species with variable results (Fernandez-Santos et al., 2006; Salazar et al., 2011; Memon et
al., 2013). Some authors have demonstrated the benefits on holding spermatozoa below body
temperature to various time periods prior to cryopreservation or for artificial insemination in
various species: stallion (Backman et al., 2004), boar (Guthrie and Welch, 2005), bull (Foote
and Kaproth, 2002) and ram (Fiser and Batra, 1984; Purdy, 2006). This is due to the fact that
chilled liquid stored semen seems to be an alternative to frozen-thawed semen due to its less
marked detrimental effects on sperm physiology and less expensive to maintain (Evans and

Maxwell, 1987; Rodriguez-Gil, 2006). Therefore, with the importance and increase in chilled
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semen utilization, several techniques have been demonstrated regarding short-term or long-
term chilled liquid sperm storage or preservation (Moradi et al., 2013; Mata-Campuzano et
al., 2015). However, prolonged chilled liquid storage of sperm can be detrimental due to cold
shock leading to sperm structural damages, and factors such as season (Salamon and
Maxwell, 1995; D’Alessandro and Martemucci, 2003) and type of extender (Kasimanickam

et al., 2011) have been incriminated to affect ram sperm during such storage.
3.2.7. Freezing and thawing rates

Freezing and thawing rates have been shown to influence post-thaw survival of sperm
cells (Mazur, 1985). This is as a result of ice formation and dissolution due to freezing and
heating rates (Watson, 1995). However, most cell types do not survive freezing in the
absence of a cryoprotective agent. The incorporation of these substances into the cell
suspension helps to increase the percentage of post-thaw sperm survival. The freezing of
sperm samples is done in straws or pellet form. Freezing of sperm in pellets is rapid and
inexpensive but it is usually problematic because the samples can not be labelled (Evans and
Maxwell, 1987a). On the other hand, freezing in straws are expensive and cumbersome than

the pellet form, however, accurate labelling of samples can be achieved.

As regards thawing, adverse effects also occur in the sperm cell (Watson, 1995).
Traditionally, straws are thawed by placing them in a 37 °C water bath for 12-30 seconds
(Deka and Rao, 1987), although, other authors have demonstrated good sperm quality after
thawing at 70-75 °C for 7-10 seconds (Tuli et al., 1991). However, thawing at 37 °C is more
commonly done and the risk of overheating which can result in tremendous sperm mortalities
is avoided (Evans and Maxwell, 1987a). Therefore, post-thaw sperm quality during this
process requires a successful freezing and thawing stage. Two damaging mechanisms have
been reported during the freeze-thawing process. First, if the sperm are frozen very quickly
and there is slow heating, a phenomenon called re-crystallization occurs by virtue of the
formation of micro-crystals inside the cell which tend to cluster and form larger crystals with
consequent lethal consequences (Mazur, 1985). And, secondly, slowly frozen cells in the
presence of a penetrating cryoprotectant may be injured by osmotic stress if thawed too
quickly due to the fact that the cryoprotectant can not leave the cell fast enough to maintain
the osmotic equilibrium with the swelling due to entry of water (Watson, 1990). The
optimum defrosting speed, therefore, depends on the cooling pattern followed, but should

represent an intermediate situation between the two previous ends, which minimizes damages
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caused by inappropriate transport speeds of solutes and water through the membranes, and by
the clustering of intracellular ice micro-crystals (Hammerstedt et al., 1990). Molecular
destabilizations have also been observed in the plasma membrane because of change in
temperature thus contributing to the appearance of lesions during this phase (Hammerstedt et
al., 1990). Holt et al., (1992), observed the appearance of alterations in the plasma membrane
that manifested only during the thawing stage, and suggested a causal mechanism based on
the phase transitions phenomenon of the lipids membrane, thus highlighting the importance
of thawing in the cryopreservation cycle. The authors further suggested that membranes are
initially destabilized during the freezing step, both by the effect of low temperatures and by

exposure to high salt concentrations leading to post-freeze degeneration.

In addition, spermatozoa and contaminating bacteria during storage produces metabolites
that can reduce the pH of the diluents (Holt and North, 1994). The internal pH of the
spermatozoon is directly related to the pH of the diluents as well as motility; so if the pH of
the diluents goes down, motility and sperm metabolism also decreases (Gadea, 2003). The
main substance responsible for the decrease in pH is the lactic acid produced by the
glycolytic metabolism of sperm cells which also is used as an indicator of seminal quality
(Rigau et al., 1996). As previously mentioned, each step of the cryopreservation process
reduces the viability and increases functionality failures of surviving spermatozoa (Parinaud
et al., 1997; Chatterjee and Gagnon, 2001; Kankofer et al., 2005) thus diminishing its
fertilizing potential. This damage may also be due to oxidative stress (Alvarez and Storey,
1992; O'Flaherty et al., 1997; Chartterjee and Gagnon, 2001), and has been demonstrated in
horse (Baumber et al., 2000, 2003), ram (Peris et al., 2007), bull (Bilodeau et al., 2002; Nair
et al., 2006) and cat (Thuwanut et al., 2008). It has been suggested that one of the causes
leading to oxidative stress is the production of reactive oxygen species (ROS) which is
generated from the metabolism of oxygen (Aitken et al., 1993). Also, other chemically
reactive molecules formed during this process includes both radicals (superoxide (O2—) and
hydroxyl (*OH) and a non-radical, hydrogen peroxide (H.O>) (Ferreira and Matsubara, 1997).
It has been shown that the main targets of ROS are the lipids contained in the cellular
membrane thereby inducing membrane lipid peroxidation which modifies the membrane
permeability and fluidity (Awda et al., 2009). Therefore, an increase in ROS levels has been
associated to cause sperm DNA fragmentation and low motility (Mahfouz et al., 2010).
Nevertheless, low quantities of ROS have been demonstrated to also play an important role in

sperm capacitation, hyperactivity of sperm motility, acrosomal reaction in bulls (O’Flaherty
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et al., 2003), boars (Awda et al., 2009) and rams (Periset al., 2007). Furthermore, the
imbalance between the production of ROS and the scavenging capacity of antioxidants due to
the excessive by-products generated by oxygen metabolism eventually lead to sperm death
(Guerra et al., 2004). Although, ram sperm have been shown to be affected by the
cryopreservation process, it is not known whether these alterations occur simultaneously or at

different stages of the freezing and thawing process (Salamon and Maxwell, 1995).

3.3. SEMEN ANALYSIS

Semen quality and its relationship to fertility are of major concern in animal production. The
accurate evaluation of semen quality is therefore of utmost importance. The conventional
laboratory test for standard semen evaluation is usually the use of light microscopy to
estimate sperm survival and the percentage of motile sperm (Rowe et al., 1993). Nonetheless,
different methods have been demonstrated throughout the last decades, but only few methods
have been adopted for practical or research purposes (Gadea, 2005). Most of these studies
have used light microscopic evaluations of classical sperm parameters, including sperm
concentration, motility, morphology and viability. Although useful, these tests are not
completely reliable because of the lack of objectivity as well as human bias (Graham et al.,
1980). More objectivity and repeatability in the assessment of sperm motility and functions
can be achieved with the aid of the computer assisted aperm analysis (CASA) system (David
et al., 2007) and flow cytometry (Axner and Linde Forsberg, 2007) thus providing a wealth of
information towards the study of sperm characteristics. To this regard, more information on
seminal quality both for fresh and frozen-thawed semen may be determined to speculate the

performance of the semen used for artificial inseminations (Rodriguez-Martinez, 2005).

3.3.1. Evaluation of Sperm Motility

Sperm motility has been considered as one of the most important characteristics in
connection with fertilizing ability (Rodriguez-Martinez, 2006; Awad, 2011), and its
evaluation is regarded as the simplest method to evaluate the quality of a semen sample. This
assessment involves the subjective microscopic estimation of the sperm motility by
examining a uniform drop of semen on a warm slide with a coverslip, under a phase contrast

microscope, fitted to a warm stage at 37°C (Hafez and Hafez 2000). Preliminary subjective
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evaluations of sperm motility are mass motility and individual motility. Mass motility
assessment requires a high sperm concentration in other to observe the swirls or movement,
and this is usually the preliminary and practical level during semen analysis of ruminants as
regards to sperm motility (Mehta et al., 1972). As regards the individual motility, percentage
of motile sperm as well as individual progressive movement can be estimated via observation
with an optical microscope from diluted seminal drop placed on a warm slide and covered
with a cover slip (Mehta et al., 1972). However, despite the usefulness of this technique,
sperm motility evaluations are not completely reliable due to subjective human bias (Graham
et al., 1980). Therefore, the computer assisted sperm analysis (CASA) has been introduced as
a routine method to improve the accuracy and repeatability of sperm quality data thereby
avoiding errors resulting from the subjective evaluation of different technicians as well as to
reduce the time spent during semen evaluation (Jane et al., 1996). Several CASA systems are
available commercially, and may differ in their mode of functioning as well as their ability to
detect and measure the motility of sperm in different species (Quintero-Moreno et al., 2003).
However, the programs designed for this equipment includes a series of descriptive
parameters of the sperm movement that are common to all CASA systems (Boyers et al.,
1989; Farell et al., 1995). The CASA system is able to determine a series of semen variables,
including the number of moving sperm, curvilinear velocity (VCL), linear velocity (VSL),
linear coefficient (LIN), straightness coefficient (STR), beat-cross frequency (BCF), etc. The
kinematic parameters obtained from the CASA system are thus useful for research purposes
(Quintero-Moreno et al., 2003; Holt et al., 2007).

They are described as follows (Holt et al., 2007):

- Total motility (%): percentage of sperm with a total velocity greater than 10pm/s.

- Progressive motility (%0): percentage of motile sperm that show straightness greater
than 80%.

- Curvilinear velocity (VCL) (um/s): distance travelled by the spermatozoa along its
actual path as a function of time.

- Average path velocity (VAP) (um/s): distance travelled by the spermatozoa along its
average path as a function of time.

- Straight-line velocity (VSL) (um/s): velocity over the straight-line distance between
the beginning and the end of a sperm track.
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- Linearity (LIN) (%): straight-line distance divided by the incremental deviations along
the actual path. It is also the percentage relationship between the curvilinear and
straight-line velocity.

- Beat-cross frequency (BCF) (Hz.): the frequency with which the undulatory
movement of the sperm head crosses the average path in function of time.

- Straightness (STR) (%): the percentage relationship between the curvilinear and the
average path velocity.

- Amplitude of lateral head displacement (ALH) ((um/s): shift that makes the head in
its curvilinear trajectory of the one part and the other part of the trajectory average or

linear.

Despite the advantage of the CASA system, there are also problems associated with its
use. One major problem with CASA is the high cost of the instrument, which suggests that its
use is only in sophisticated laboratories that perform a high number of routine semen
evaluations (Verstegen et al., 2002). Also, the instrument settings are relatively subjective
and different CASA instruments use different mathematical algorithms (Rabinovitch, 2006).
Furthermore, there are also problems encountered as regard the accurate counting of high and
low sperm concentrations (Rabinovitch, 2006). This is due to the fact that the kinetic
parameters are regulated by the characteristics and composition of the diluents in which
sperm is diluted (Rijsselaere et al., 2003). Also, the measurements obtained following sperm
counting and statistical counting error may arise depending on the technician who performed
the analysis. Therefore, to avoid subjectivity in sperm analysis, the use of CASA requires
extensive training and cross validation as regards the technician competencies (Verstegen et
al., 2002).

3.3.2. Sperm analysis through flow cytometry

Flow cytometry is now a recognized methodology within animal spermatology, and has
moved from being a research tool to become routine in the assessment of animal semen
destined to breeding (Hossain et al., 2011). This technique is a process in which fluorescently
labeled cells travel individually at high speed through a flow cell, where they are illuminated
by one or more lasers. This causes light scattering and fluorescence excitation of markers

located on specific parts of the sperm which are dectected by the photodetectors and sent to a
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computer program. The computer program presents the information in the form of relative
fluorescent intensity units, which are typically displayed as either scatter plots or histograms
(Martinez-Pastor et al., 2010). The scatter plots and histograms can be analyzed and various
sperm populations can be separated to produce information regarding fluorescence intensity,
percentage of sperm population with certain fluorescent characteristics within a total sample
(Christensen et al., 2004). In addition to the speed, repeatability, and accuracy, flow
cytometry allows close examination of numerous sperm characteristics, including sperm
viability/membrane integrity (Garner et al., 1994), mitochondrial function and membrane
potential (Garner et al., 1997) chromatin structure (Bochenek et al., 2001), and acrosomal
status (Thomas et al., 1997; Nagy et al., 2003).

3.3.3. Analysis of the sperm plasma membrane integrity

The sperm membrane is directly or indirectly related with many sperm functions, warranting
the capability of the cell to maintain homeostasis and depict motility as well as the capacity to
interact with the environment, including the lining epithelium of the female genital tract or
the oocyte—cumulus cell complex (Rodriguez-Martinez, 2003). Therefore, it is regarded as
one of the structures most seriously affected by the freezing-thawing process and its analysis
is of great importance either for research or commercial purpose (Nagy et al., 2003, 2004).
Evaluation of sperm plasma membrane can be done either by conventional staining or by
using fluorescents. Conventional stains include eosin/nigrosin, blue tripan, quick green/eosin,
eosin/aniline blue or naphthol/erythrosine yellow, and their mode of action is to penétrate
ruptured cells thereby changing the color (Rodriguez-Martinez, 2005). Nonetheless, this
methodology is usualy compromised due to complications such as the appearance of partially
dyed sperms that hinders the interpretation of their status (Watson, 1990). On the other hand,
fluorocromes are capable of determining with greater objectivity of the state of membrane
integrity. The first fluorescent probes used in the evaluation plasma membrane integrity were
fluorescein diacetate (Matyus et al., 1984) and carboxyfluorescein diacetate (Garner et al.,
1986). These dyes are non-fluorescent, but converted to fluorescent derivatives by
intracellular esterase enzymes which are trapped by the intact plasma membrane thus
producing a fluorescing cell. The most commonly used combination of dye for membrane
integrity SYBR-14/propidium iodide (PI). In this combined stain, the nuclei of viable

spermatozoa fluoresce green, while those with eroded plasmalemma are red, including a
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moribund cell subpopulation (green—red). Propidium iodide is normally used as the viability
probe of choice as this supravital stain rapidly penetrates non-viable spermatozoa when their
plasma membrane is disrupted (Gillan et al., 2005). In addition, it is able to simultaneously
evaluate sperm cell viability together with some other attributes, for example; in combination
with fluorescently labeled plant lectins for simultaneous assessment of plasma membrane and
acrosome integrity (Flajshans et al., 2004). This technique has been demonstrated in many

species such as in boar, ram, human (Garner et al., 1995).

Another technique used in the evaluation of plasma membrane via its functionality is
known as the hypo-osmotic swelling test (HOST). When sperm cells are exposed to hypo-
osmotic conditions, water enters the spermatozoon in an attempt to reach osmotic
equilibrium. This inflow of water will increase sperm volume and the plasma membrane will
bulge giving minimum surface to volume ratio. The ability of the sperm tail to swell or curl in
the presence of a hypo-osmotic solution is a sign that transport of water across the membrane
occurs normally, i.e. is a sign of membrane integrity and normal functional activity
(Jeyendran et al., 1984). The values obtained in this test are correlated with other sperm

quality parameters such as motility, viability or morphology (Jeyendran et al., 1984).

3.3.4. Analysis of mitochondrial functionality

Sperm mitochondria are located in the mid-piece and generate a major part of the ATP
required for sperm metabolism, membrane function and motility as well as anaerobic
glycolysis in the cytoplasm (Aitken et al., 2004). Furthermore, they are the coordinators of
apoptosis mechanisms in a number of cell systems (Hu et al., 2007; Rasola et al., 2007) and
are also involved in sperm maturation (Aitken et al., 2004), as well as protection against
damage induced by cryopreservation (Pefia et al., 2009). Nonetheless, the fluorescent probes
mainly used to detect damage to the mitochondria that may occur after ejaculation or as a
result of cryopreservation are JC-1 and MitoTracker (Pefia and Rodriguez, 2006). The JC-1
probe is transported into the interior of functioning mitochondria and detects the potential of
the inner mitochondrial membrane. This emits a green fluorescence when it exists as a
monomer but when the concentration of JC-1 inside the active mitochondria increases, the
stain forms aggregates which fluoresce orange (Graham, 2001). On the other hand, the

MitoTracker probe is absorbed only by active mitochondria and specifically binds to
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functional mitochondria membrane lipids (Fraser et al., 2001). Also, the MitoTraker can be

incorporated into different protocols of double and triple staining (Sutovsky et al., 1999).

3.3.5. Analysis of acrosomal integrity

The acrosome is a membrane-enclosed structure covering the anterior part of the sperm
nucleus and contains hydrolyzing enzymes which is a basic feature of the sperm head of all
mammals (Yanagimachi, 1994). Therefore, acrosomal integrity is regarded as a prerequisite
for fertilization and essential for sperm penetration of the zona pellucida (Rodriguez-
Martinez, 2006). The most commonly used probes are plant lectins labeled with a fluorescent
agent, most commonly PSA or peanut agglutinin (PNA). PSA is a lectin from the pea plant
that binds to mannose and galactose moieties of the acrosomal matrix. As PSA can not
penetrate an intact acrosomal membrane, only acrosome reacted or damaged spermatozoa
will stain (Cross et al., 1986). On the other hand, PNA is believed to display less non-specific
binding to other areas of the spermatozoon, and this makes it a choice for most workers
(Graham, 2001). Also, it is the lectin of choice when evaluating sperm extended in egg yolk-
containing media due to the fact that PSA has a nonspecific binding affinity to egg yolk
(Thomas et al., 1997) as well as several nonspecific binding sites on the sperm cell surface
(Graham, 2001). Nonetheless, spermatozoa with reacted, damaged, or abnormally formed
acrosomes acquire fluorescence after PNA labeling, while intact, normal acrosomes have no
fluorescence (Nagy et al., 2003). However, a quadruple staining technique (SYBR-14/ PNA/
PI/ MitoTracker) procedure has been demonstrated and was found out to be an efficient
method for evaluating acrosomal integrity together with other sperm characteristics (Tabarez
et al., 2017). This combination labels every DNA containing event and the colors of the
fluoroprobes fit to the standard filter set of most commercial flow cytometry. This quadruple
stain produces the appearance of eight sperm populations: 1) viable cells with intact
acrosome and active mitochondria (SYBR14+/ IP-/PE-PNA-/Mitotracker deep red + ); 2)
viable cells with damaged acrosome and active mitochondria (SYBR14+/IP-/PE-
PNA+/Mitotracker +); 3) viable cells with intact acrosome and inactive mitochondria
(SYBR14+/IP-/ PE-PNA-/Mitotracker-); 4) viable cells with damaged acrosome and inactive
mitochondria (SYBR14+/IP-/PE-PNA+/Mitotracker-); 5) dead cells with intact acrosome and
active mitochondria (SYBR14-/IP +/PE-PNA /Mitotracker + ); 6) dead cells with damaged
acrosome and active mitochondria (SYBR14-/IP+/PE-PNA+/Mitotracker +); 7) dead cells
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with intact acrosome and inactive mitochondrial (SYBR14-/IP +/PE-PNA-/Mitotracker-) and
8) dead cells with damaged acrosome and inactive mitochondria (SYBR14-/IP+/PE-
PNA+/Mitotracker-).

3.3.6. Oxidative stress analysis

The influence of oxidative stress on sperm adversely affects sperm survival by impairing
critical functions such as motility, membrane integrity and ultimately their fertilizing
capabilities (Aitken et al., 2014). This is due to increased cellular damage triggered by
oxygen and oxygen-derived free radicals known as reactive oxygen species (ROS) (Agarwal
et al., 2014). Among the ROS compounds, one is an unpaired electron known peroxides
(H202) which is an oxidizing agent generated as a by-product from the metabolism of oxygen
and is a highly reactive molecule (Henkel et al., 2011). However, sperm cells are equipped
with antioxidant defence mechanisms that modulate the effect ROS, thus protecting the cells
from oxidative damage (Henkel et al., 2011) but when production of ROS exceeds the
antioxidant capacity of spermatozoa, the cells will be unable to restore the damage induced
by the oxidative stress due to the lack of strong cytoplasmic-enzyme repair systems (Saleh et
al., 2002). Therefore, oxidative stress results from the imbalance between ROS production
and the intracellular/extracellular antioxidants system used by sperm (Saleh and Agarwal,
2002).

Nonetheless, evaluation of ROS can be estimated by reagents that accumulate
intracellularly and become fluorescent upon oxidation. Dichlorofluorescin diacetate (DFCH-
DA) has been used to measure intracellular H20. using the flow cytometry. Evaluation of
intracellular ROS using the flow cytometry has been reported in boar (Guthrie and Welch,
2006), human (Mahfouz et al., 2008) and dog (Kim et al., 2010). The mechanism of action of
H2DCFDA consists in penetrating into the cell through its plasma membrane. 2',7'-
dichlorodihydrofluorescein diacetate is a stable cell-permeable nonfluorescent probe that is
highly intracellularly de-esterified and becomes fluorescent 2',7'-dichlorofluorescein (DCF)
on oxidation (Guthrie and Welch, 2006). The simultaneous differentiation of viable from
non-viable spermatozoa is performed by co-staining the spermatozoa either with PI. This

allows for the removal of the non-viable population from the analysis via the cytometry.
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3.3.7. Analysis of free-cysteine residues in sperm nucleoproteins

Disulfide bonds are bonds found between proteins as well as between other
macromolecules like nucleic acids. These bonds are links between two cysteine amino acids
and their thiol groups and are known to stabilise the tertiary and quaternary structure of
proteins (Brewer et al., 2003). Therefore, these bonds are the main structures responsible for
holding proteins in their respective conformations and, consequently, to maintain the specific
protein folding and stability. Furthermore, these bonds represent a bridge between
nucleoproteins and DNA, and any alterations to protein-DNA linking may compromise
certain processes such as DNA replication (Brewer et al., 2003; Dorigo et al., 2004; Balhorn
R., 2007).

Nonetheless, a good stability is considered useful in maintaining sperm with a compact
chromatin core thus increasing their hydro dynamicity, motility and the possibility to fertilize
the oocyte (Balhorn R., 2007). It is well known, however, that mechanisms such as osmotic
oxidative stress induced by osmotic disturbances are able to destroy disulfide bonds in a
whole series of cellular structures (Cumming et al., 2004; Yang et al., 2007). This is
important, due to the fact that osmotic and oxidative stress are important factors causing
alterations in sperm cells such as changes in structural cellular membranes, mitochondria
volume and shape as well as rupture of the peri-mitochondrial and head actin network
(Hinshaw et al., 1986; Silvia and Gadella, 2006; Correa et al., 2007). Hence, the evaluation of
the amount of free cysteine levels in head and tail sperm through a spectrophotometric
method may be of great importance. Nonetheless, studies have demonstrated that oxidative
stress caused by osmotic disturbances induced changes between nucleoproteins and DNA
bonding by affecting the strength of disulfide bonds, ultimately destabilising nucleoprotein
integrity (Yang et al., 2007; Flores et al., 2011). Also, changes in the number of intact
disulfide bonds have been linked to some processes such as cryoresistance as well as the
achievement of feasible in vitro capacitation (Yeste et al., 2013). To this regard, it is
hypothesized that the variations in free cysteine levels will be an indicative of various

changes in the sperm nucleoprotein structure and chromatin structure stability.
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3.3.8. Thermal resistance test

The duration of sperm motility and characteristics during a post-thawing incubation period
may be an indication in predicting the survivability of sperm within the female reproductive
tract and undergo capacitation and fertilize the ovum (Fiser et al., 1991). Therefore, the
exposure of frozen-thawed sperm to a thermal resistance test may expose damages during
cryopreservation and which may not be revealed immediately after thawing (Aisen et al.,
2000). Thus, thermal resistance test may be a useful technique in assessing the fertilizing

ability of ram sperm prior to its use for Al.
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Chapter IV

RESULTS
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Study 1

Influence of melatonin implantation during a
non-breeding season to semen donor rams

on semen parameters held for 24h at 5°C.
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Abstract

The aim of this study was to evaluate the efficacy of melatonin implantation during a non-
breeding season, and to compare with semen donor rams in a breeding season on scrotal
circumference (S.C), semen emission time (S.E.T) as well as semen quantitative and
qualitative parameters. Furthermore, the effect of chilled liquid storage for up to 24h on
semen qualitative parameters was assessed. Therefore, semen was collected (n=8) from ten
rams (Aranesa and Xisqueta breeds) via electro-ejaculation during the non-breeding season;
five implanted with Melovine®, while the other five rams remained untreated. Thereafter,
semen was collected from six rams (n=8) during the breeding season. Scrotal circumference
was measured, semen emission time was recorded and fresh ejaculates were analysed
macroscopically and microscopically. All samples were re-suspended in a Tris citric acid-
glucose (TCG) based media containing 5% glycerol and 15% powdered egg yolk and chilled
at 5°C for 24h. Analysis on refrigeration time (4 and 24h) on sperm kinematic parameters was
evaluated by CASA while viability and morphology where evaluated via eosin-nigrosin
staining. Sperm plasma membrane functionality was done by hypoosmotic swelling test while
sperm nucleoprotein integrity was done by the determination of overall levels of sperm-head
disulfide bonds via spectrophotometric analysis of free-cysteine radicals’ levels. The
statistical analysis revealed no difference in any sperm parameter between melatonin treated
and breeding season group but both groups differed significantly (P < 0.05) when compared
to untreated/non-breeding semen donor group except on scrotal circumference. However, we
observed that despite all parameters been negatively influenced by storage time, melatonin
treated group showed better sperm quality parameters when compared to other groups. This
study demonstrates that melatonin implantation during the non-breeding season improved
almost all qualitative sperm parameters studied during chilled liquid semen storage.

Introduction

In sheep industry, artificial insemination (Al) with fresh or refrigerated extended semen
has been successfully used (Karagiannidis et al., 2000), but still raises more concerns due to
issues regarding inseminating frozen ram semen (Purdy et al., 2010). Therefore, liquid stored
semen seems is the only alternative to frozen-thawed semen due to its less marked
detrimental effects on sperm physiology and less expensive to maintain (Evans and Maxwell,

1987; Rodriguez-Gil, 2006). Benefits abound in literatures on holding spermatozoa below
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body temperature to various time periods prior to cryopreservation or for Al in various
species: stallion (Backman et al., 2004), boar (Guthrie and Welch, 2005), bull (Foote and
Kaproth, 2002) and ram (Fiser and Batra, 1984; Purdy, 2006). Furthermore, frozen—thawed
ram semen results in stronger damages to spermatozoa when compared to liquid storage
(Evans and Maxwell, 1987).

Nonetheless, with the importance and increase in chilled semen utilization, several
techniques have been demonstrated regarding short-term or long-term liquid sperm storage or
preservation (Moradi et al., 2013; Mata-Campuzano et al., 2015). However, prolonged chilled
liquid storage of sperm can be detrimental due to cold shock leading to sperm structural
damages, and factors such as season (Salamon and Maxwell, 1995; D’Alessandro and
Martemucci, 2003) and type of extender (Kasimanickam et al., 2011) have been incriminated
to affect ram sperm during storage. In spite of this, ram semen preservation still remains a
critical factor either as frozen-thawed, refrigerated (Allai et al., 2015), or chilled extended

prior to cryopreservation (Backman et al., 2004; Purdy et al., 2006).

Although, semen production in ram continues all year round (Chemineau et al., 1992),
libido and seasonality are important towards the success of semen collection and quality
(Shackell et al., 1977). Nevertheless, the influence of seasonality on reproductive ability of
ram has been demonstrated to be regulated by melatonin secretion (Malpaux et al., 1996).
With this knowledge, reproductive performances can be manipulated to give a desirable
effect, especially in a non-breeding season with subcutaneous melatonin implants (Abecia et
al., 2007), thereby reversing seasonality effects on reproduction. Thus, melatonin implants
have been reported to increase scrotal size, improve semen quality and enhance reproductive
performances outside breeding periods (Palacin et al., 2008; Casao et al., 2008). In this
regard, seasonality of spermatogenesis may not be a limiting factor for an all year semen
collection in the ram. However, the influence of both seasonality and melatonin treatment on
reproductive parameters has strong genetic component and variation between individual
rams, breeds and or donor age (Mandiki et al., 1998; Karagiannidis et al., 2000; Garcia,
2014).

Also, a positive influence with melatonin implants has been reported to have enhanced
sperm freezability and post-thaw sperm quality in rams (Kaya et al., 2001; Casao et al.,

2008). Despite reports on the influence of melatonin implants on semen production,
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freezability and post-thawed quality, to the authors’ knowledge, there is no information on

similar study evaluating sperm characteristics during chilled liquid storage.

Thus, with this background, the aim was to note the effect melatonin implantation on
scrotal circumference, time of semen emission and characteristics of fresh ram ejaculates.
Furthermore, to evaluate the sperm qualitative characteristics stored at 5°C and held for 24h
in a cryopreservation media during non-breeding, and directly compare with same parameters

from a breeding season.
Material and Methods
Chemicals

All chemicals and reagents were purchased from Sigma Chemical Co. (St. Louis, Mo,
USA) unless otherwise stated. The powdered egg yolk was obtained from NIVE (Nunspeet
Holland Eiproducten).

Preparation of extender

The basic extender used in this study was Tris (hydroxymethylaminoethane)- citric acid-
glucose (TCG) solution as defined by Salamon and Maxwell (2000), consisting of Tris (0.3
M), citric acid anhydrous (94.7 mM), and D (+)-glucose (27.75 mM). This solution was
adjusted to a pH of 7.25 + 0.05 and the osmolarity to 333.0 £ 2.8 mOsm. Thereafter, glycerol
(5% vlv, final concentration), powdered egg yolk (15% v/v) and antibiotics (1000 Ul/mL
sodium penicillin and 1,0 mg/ mL streptomycin sulfate) were added to the solution having a
final pH of 7.0-7.17 and an osmolarity of 1327 + 234 mOsm (Palomo et al., 2017).

Animals and semen collection

Ten adult males (5 Aranesa and 5 Xisqueta) aged 5 years were used in this study. All
males were housed and managed at Caldes de Montbui in the Institut de Recerca i Tecnologia
Agroalimentaries (IRTA, Spain) where they were provided with food and water ad libitum.
During the non-breeding season, animals were randomly divided into two groups; each male
in the first group i.e 3 Aranesa and 2 Xisqueta rams (MEL group) was treated with three slow
releasing implants containing 18 mg of melatonin (Melovine®) while the second untreated
group i.e 2 Aranesa and 3 Xisqueta rams (NB group) acted as control. Semen collection
started 55 days after implantation in both groups and a total number of 80 ejaculates (8

ejaculates per male) were collected twice a week during this period. Furthermore, this
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experimental procedure was repeated during the breeding season from the same rams but
randomly selected (n=6). This was considered as the third group (B group) in this study.
Semen collection technique was repeated as previously, and total number of 48 ejaculates
was collected during this period (8 ejaculate per male) from the six rams (3 Aranesa and 3

Xisqueta).

Before semen collection, males were properly restrained in a standing position to reduce
movement during the procedure. Scrotal circumference measurement was done by using a
flexible measuring tape. The preputial hairs were shaved and the orifice was washed with
clean water and dried to prevent contamination of samples. Faeces were removed and the
accessory glands were massaged to pre-stimulate the male before electrical stimulation.
Electro-ejaculation (EE) was accomplished using a manually controlled electro-ejaculator
purchased from Minitube (Barcelona, Spain) attached to a 2.6 cm diameter rectal probe.
Procedure was done with the probe facing ventrally inside the rectum with consecutive
stimuli of 6-s pulses of similar voltage, and stopped for 6-8 s before the next stimuli. When
the seminal discharge becomes cloudy, a graduated collection tube was placed over the penis
to collect the semen. Time of semen emission (time from the onset of electrical stimulation to

semen emission) was recorded using a stop watch.

Semen evaluation
Analysis of motility characteristics

Immediately after collection, fresh ejaculates were evaluated macroscopically for volume
using a transparent graduated tube. Mass motility and individual motility was determined
subjectively via a phase contrast microscope (Olympus BH-2, Japan). The mass motility was
assessed and scored on a scale of 0-5 (0= no movement and 5= strong wave movement). The
percentage of individual motility was subjectively estimated by diluting fresh semen (1:100)
in a Tris-glucose-citrate (TGC) solution and viewing an average of 10 fields with a

microscope. Also, sperm concentration was calculated using a neubauer chamber.

Sperm kinematics parameters were assessed using the computer-assisted sperm analysis
(CASA) system, ISAS® (PROISER SL., Valencia, Spain). The liquid stored extended sperm
was diluted (1:100) in TGC, and 10 pl drop of sperm suspension was placed on a warm slide
and covered with a cover-slip (24x24mm). Sperm motility parameters were assessed at 38°C
at X 200 using a phase contrast microscope (Olympus BH-2, Japan). For each sample, more
than three fields per drop were analyzed and a minimum of 200 sperm evaluated. The
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percentage of total motile sperm cells (TM), progressive motility (PM), curvilinear velocity
(VCL, um/s), linear velocity (VSL, um/s), mean velocity (VAP, um/s), linearity coefficient
(LIN= [VSL/VCL]x100, %), straightness coefficient (STR= [VSL/VAP]x100, %), lateral
head displacement (ALH, um) and beat cross frequency (BCF, Hz) were evaluated. The
settings used for the sperm image analyses were as follows: number of images (25/s), optical
(Ph-), scale (20xOlympus), particle area (>3 a <70 micras?), slow sperm (10-45 micras/s),
average sperm (45-75 micras/s), rapid sperm (>75 micras/s), progressive (80% STR). All
diluents and materials used in this study that came in contact with semen for analysis were
maintained at about 38°C.

Assessment of sperm viability and morphology

The percentage of sperm viability was assessed using eosin-nigrosin stain as described by
Evans and Maxwell, (1987). Smears were made from the mixture of 5ul of semen/TGC
diluted sample (1:100) and 5ul eosin-nigrosin on a warm slide. The viability was calculated
with bright-field microscopy from a total of 400 sperm cells counted from two slides (200
sperm cells per slide), viewed under a light microscope at 1000x magnification with oil
immersion. Sperm with partial or complete purple coloration was considered non-viable.
Sperm morphology was also determined from the same slide with a total of 400 sperm cells
evaluated (Barth and Oko, 1989).

Assessment of sperm plasma membrane functionality

The functionality of sperm plasma membrane was evaluated using the hypo-osmotic
swelling test (HOS test) as described by Forouzanfar et al. (2010). To determine the
functionality of sperm plasma membrane, 20 uL of sperm was mixed in 180 uL of the HOS
test solution (100 mOsm) and incubated at 37°C for 30 min. Thereafter, a smear was made
from the mixture of 10 puL from the incubated sample and 10 uL of eosin-nigrosin, and

viewing under the phase contrast microscope at 1000x magnification.

Determination of sperm nucleoprotein integrity

The determination of sperm nucleoprotein integrity due to disruption of the overall levels
of sperm head disulfide bonds was done through spectrophotometric analysis of free cysteine
radical levels. This technique was adopted from a published work on the determination of
free cysteine radicals in boar sperm nucleoproteins (Flores et al., 2011). Briefly, aliquot of

fresh ejaculates was centrifuged twice at 5,000x g for 10 min, seminal plasma was carefully
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removed and the resultant pellet was submerged in liquid nitrogen before stored at -80°C until
analysis. After 24hrs of liquid storage, aliquot of the extended semen was washed with
dilution (1:10) in PBS with a centrifugation of 5,000x g for 10 min at 5°C. The supernatant
(seminal plasma/extender) was carefully removed and the resultant pellet was submerged in

liquid nitrogen before been stored at -80°C.

On analysis, all samples were resuspended in 400 ul of ice-cold 50mM Tris buffer (pH
adjusted at 7.4) containing 150mM NaCl, 1% (v:v) Nonidet, 0.5% (w/v) sodium deoxycolate,
1mM benzamidine, 10pg/mL leupeptin, 0.5mM phenylmethylsulfonyl fluoride (PMSF) and
1mM sodium orthovanadate (Na>VOas). Spermatozoa were subsequently homogenised
through sonication (lkasonic U50 sonicator, lka Labortechnick; Staufen, Germany). The
homogenates were centrifuged at 850xg at 4°C for 20 min, and resultant supernatants and the
upper layer of the pellet were removed before resuspended in 500ul of PBS. Thereafter, the
levels of free-cysteine residues in sperm nucleoproteins were determined in the samples
obtained by using the 2,2’-dithiodipyridine technique (2,2’-dipyridyl disulphide; Sigma; Saint
Louis, USA) as described by Brocklehurst et al. (1979). This was determined by adding 10-
ML of the resuspension (isolated sperm heads) obtained as described above to 990uL of an
aqueous solution of 0.4mM 2,2’-dithiodipyridine. The mixture was incubated at 37°C for 1h.
Afterwards, levels of free-cysteine residues in sperm nucleoproteins were determined through
spectrophotometric analysis at a wavelength of 343nm. The results obtained were then
normalised through a parallel determination of the total protein content of each sample
through the Bradford technique (Bradford, 1976), after applying a commercial kit (BioRad;
Hercules, CA, USA).

Statistical analysis

All statistical analyses were performed using the statistical package SPSS 20 and results
were expressed as the mean + S.E.M. Percentage data were arc sine transformed and analysed
with ANOVA, and differences between means were determined using Duncan multiple tests.
This was done to compare the various parameters across three semen donor groups. The
independent sample t-test was used to test for sperm parameters during holding time between

the two periods. The level of significance was set at (P<0.05).

40



Results

First of all, sperm donor groups were classified into 3 groups: NB (untreated/non-breeding
season), MEL (melatonin treated/non-breeding season) and B (breeding season). Mean values
and SEM on scrotal circumference, semen emission time and fresh semen quality of the
various semen donor groups are shown in Table 1.1. The scrotal circumference form the NB
group differed significantly (P < 0.05) compared to the other two groups. Also, the mean time
(min) required for semen emission was much longer in NB group compared to the MEL and
B sperm donor groups. As regards seminal volume, a significantly lower mean value was
obtained in NB group than in MEL and B sperm donor group. No significant effect (P > 0.05)
was observed in individual motility between donor groups but the mass motility differed
significantly (P < 0.05) between groups with NB sperm donor group having the lowest mean
value (Table 1.1). Mean values for sperm concentration and total number of sperm count
showed that season had a significant effect, with very low values in NB compared to the
other sperm donor groups. However, melatonin treated sperm donor group had the highest
mean value amongst all donor groups. Analysis on sperm kinematic parameters within each
holding refrigeration time (4h or 24hr) evaluated by CASA is shown in Table 1.2. Generally,
kinematic parameters at 4h showed that NB sperm donor group had lower values with
significant differences when compared to other sperm donor groups. However, there was no
significant effect observed between MEL and B sperm donor groups on sperm kinematic
parameters at 4hr. Similarly, total motility (TM) was the lowest in NB amongst the 3 groups,
and with a significant difference when compared with MEL and B sperm donor groups. As
regards to progressive motility (PM), there was a significant effect of melatonin treatment at
4h compared with NB but no significant difference with B donor sperm group despite having
higher values (Table 1.2). After 24h of refrigeration, the sperm kinematic parameters of NB
group had the lowest values compared to other sperm donor groups, and differed significantly
except for VCL, VSL, VAP LIN and BCF when compared with B sperm donor values.
Melatonin treatment caused a significant increase of VCL, VSL and VAP but no differences
were seen in LIN, STR, ALH and BCF when compared with B sperm donor group.
Furthermore, the enhancing effect of melatonin treatment was observed after 24h on total and
progressive motility, and was significantly different when compared to NB and B sperm

donor groups.
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Table 1.1: Effect of melatonin implantation and season on scrotal circumference, semen emission
time and characteristics of fresh semen

Parameters Non-Breeding Season Breeding Season
Non-Melatonin Melatonin

Scrotal Circumference 35.23 +0.20° 34.17 £ 0.47° 33.75+0.222

(cm)

Semen Emission Time

(min) 2.22 +0.15° 1.62 £0.15? 1.53+0.23?

Volume b b

(mL) 0.43+ 0.042 0.57 £ 0.06 0.68 £ 0.05

Mass Motility 157 +0.15° 2.75+0.27¢ 2.13+0.16°

(0-5)

Individual Motility 68.75 + 3.94 7417 £5.12 67.78 £ 3.55

(%)

Sperm Concentration 422.08 + 94.562 1797.13 + 325.93¢ 961.07 + 162.81°

(x10%/mL)

Total Sperm Account 195.41 +59.782 1098.73 + 334.76° 685.05 + 133.79°

(x10°%)

Data are shown as mean £ S.E.M. Different superscripts (a, b, ¢) within the same row indicates a significant
difference (P<0.05) between group parameters.

It is important to note that all sperm kinematic parameters decreased progressively (P <
0.05) between 4h and 24h in NB and B sperm donor groups. However, there was an increase
for PM in MEL group (P < 0.05) after 24h of refrigeration (Table 1.2). Nonetheless, sperm
kinematic parameters from melatonin treated sperm donor group had the highest values

amongst other sperm donor groups during various liquid storage times.

The effect of season, melatonin treatment and storage time on the sperm morphology in
fresh ejaculate and after 24h refrigeration in a cryopreservation media are shown in Table 1.3.
Fresh ejaculates showed no significant difference (P > 0.05) in percentage means of sperm
viability, normal sperm morphology, midpiece reflex, bent tails and coiled principal piece.
However, significant differences were noticed in the total acrosome damage, proximal
droplets, distal droplets, dag and detached heads amongst the various sperm donor groups
(Table 1.3). After 24h refrigeration, there was no significant difference between MEL and B
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sperm donor group on mean percentage of viability and normal sperm but both groups

differed significantly (P < 0.05) when compared to NB sperm donor group.

The functionality of sperm plasma membrane, assessed by the HOS test, showed that the
mean percentage value for NB sperm donors was significantly different (P < 0.05) when
compared to MEL and B sperm donor groups both in fresh ejaculate and after 24h of
refrigeration (Table 1.4). However, there was a reduction and significant difference (P <
0.05) in the mean percentage values in all groups when fresh and 24h refrigeration was
compared. As regards to the sperm nucleoprotein integrity, a significant higher value (P <
0.05) of free cysteine radicals was seen in B donor group compared to NB and MEL sperm
donor groups, both in fresh ejaculate and after 24h of refrigeration (Table 1.4). However,

refrigeration time had no effect on any of the sperm donor group.
Discussion

In the present work, the influence of melatonin implantation to semen donors during a
non-breeding season generally reversed seasonal effect and maintained sperm parameters
during chilled liquid storage. This was achieved by directly comparing sperm parameters
from ram sperm donors’ in a non-breeding season: melatonin treated (MEL) and untreated
(NB), and with breeding season (B). In this study, we observed no effects on mean scrotal
circumference between melatonin treated and breeding season sperm donor rams. However,
the mean scrotal circumference of NB sperm donor group was higher than other donor
groups. An explanation for this discrepancy was due to the fact that two rams from NB group
had significant larger testicular sizes compared to the rest of the animals used in this study.
However, and on careful observation during the course of this experiment, we observed no
marked changes on scrotal circumferences amongst individual donor rams. This is in
agreement with similar works in rams (Sookhtehzari et al., 2008; Faigl et al., 2009) but in
contrast with Palacin et al. (2008), who observed an increase in scrotal circumference in

melatonin implanted rams.
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Table 1.2: Effect of melatonin implantation and season evaluated by CASA on sperm motility and holding time after 4 h and
24h in a cryopreservation media at 5°C

Holding time (h)

4 24
™ (%)
Non-breeding season 34.33 +5.48? 28.95 +5.232
Melatonin/non-breeding 60.84 + 6.75° 57.71 + 6.65°
Breeding season 55.48 + 4,122 34.92 +3.981
PM (%)
Non-breeding season 12.64 £ 2.942 9.54 +2.38?
Melatonin/non-breeding 22.40 + 3.81™ 25.29 + 4,002
Breeding season 18.08 + 2.4822 6.37 £ 1.67%
VCL (um/s)
Non-breeding season 39.67 +5.692 33.20 £ 6.03?
Melatonin/non-breeding 63.10 + 6.77° 63.50 +7.15°
Breeding season 65.26 + 4.37"2 47.06 + 3.841
VSL (um/s)
Non-breeding season 15.68 £ 2.722 12.29 £2.332
Melatonin/non-breeding 24.76 £3.13° 26.66 +3.33°
Breeding season 23.55 + 1.86"2 12.89 +1.34%
VAP (um/s)
Non-breeding season 21.83 +3.392 16.65 + 3.092
Melatonin/non-breeding 34.59 + 4.08° 35.50 +4.29°
Breeding season 34.36 + 2.432 22.70 + 1,943
LIN (%)
Non-breeding season 22.84 + 3.46° 18.20 + 3.322
Melatonin/non-breeding 31.72 £ 3.49° 33.93 +£3.59°
Breeding season 33.10 +1.822 25.29 + 2,351
STR (%)
Non-breeding season 40.93 +5.712 34.94 +6.032
Melatonin/non-breeding 56.47 +5.64° 59.34 +5.96°
Breeding season 59.59 + 3.10 46.47 + 3,64
ALH (um/s)
Non-breeding season 1.79 £0.252 1.55+0.282
Melatonin/non-breeding 2.78 £0.29° 2.73+0.29°
Breeding season 3.16 +0.222 2.41 +0.18"
BCF (Hz)
Non-breeding season 4.14 + 0.65? 3.61 +0.66%
Melatonin/non-breeding 6.27 +0.70° 7.10 £0.76°
Breeding season 6.18 + 0.39"2 4,60 +0.372

TM: total motility; PM: progressive motility; VCL: Curvilinear velocity; VSL: Linear velocity; VAP: Mean velocity;
LIN: Linear coefficient; STR: Straightness coefficient; ALH: Lateral head displacement; BCF: Frequency of heat
displacement. Values are expressed as mean + S.E.M. Different superscripts (a, b) within the column indicate a
significant effect (P < 0.05) amongst donor groups within each holding time. Different numbers (1, 2) in the row for the
same parameter indicates a significant difference (P < 0.05) between holding time (4h or 24h).
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Table 1.3. Effect of melatonin implantation and season on sperm morphology and plasma membrane integrity for fresh

ejaculate and 24h refrigerated semen

Holding time (h)

Parameter F R24

Viability (%)

Non-breeding season 50.00 + 4.802 25.78 + 3.29%
Melatonin/non-breeding 61.39 + 5.942 49.32 + 4,67
Breeding season 51.93 + 3.832 45,02 + 3,56
Normal morphology (%)

Non-breeding season 66.71 + 3.24? 41.21 + 3.48%
Melatonin/non-breeding 73.33 £ 4.042 58.16 + 3.16"
Breeding season 65.57 + 3.242 52.74 + 3.06"

Acrosome damage (%)
Non-breeding season
Melatonin/non-breeding
Breeding season

Proximal droplet (%)
Non-breeding season
Melatonin/non-breeding
Breeding season

Midpiece reflex (%)
Non-breeding season
Melatonin/non-breeding
Breeding season

Dag (%)

Non-breeding season
Melatonin/non-breeding
Breeding season

Bent tail (%)
Non-breeding
Melatonin/non-breeding
Breeding season

Distal droplet (%)
Non-breeding season
Melatonin/non-breeding
Breeding season

Coiled principal piece (%)
Non-breeding season
Melatonin/non-breeding
Breeding season

Detached head (%)
Non-breeding season
Melatonin/non-breeding
Breeding season

7.24 £ 1,073
8.48 £ 1,77
471 +0.67¢

0.49 +0.31%
0.62 £ 0.31*
2.10+0.61°

1.76 + 0.63
0.76 £ 0.28
1.64 + 0.361

1.11+0.322
1.00 +0.31°
5.31+1.81°

7.86 £ 1.55!
571+1.87!
6.74 + 0.69*

0.57 +0.30%
1.19 + 0.54%
1.76 £ 0.31°

0.24+0.19
043+0.14
0.83+£0.40

6.84 + 1.60%
3.24 +1.752
10.60 + 2.48P

18.04 + 2.00?
12.74 £ 1.79
7.86 £ 0.66%

0.70 £ 0.342
1.21 +0.30?
2.64+0.51°

1.39 + 0.542
0.42 £0.222
5.98 + 0.38"2

1.52 + 0.58%
0.26 £ 0.212
5.26 + 1.69°

17.65 + 2.06
24.53 + 2.44%
11.43 + 0.70%

0.78 +0.212
0.63+0.212
2.07 £0.37°

0.30 +0.192
0.34 £ 0.202
1.86 + 0.52°

8.30 + 2.46°
3.89 £ 0.96%
11.12 + 2.392

F: fresh ejaculate; R24: 24h refrigerated semen. Values are expressed as mean + S.E.M. Different superscripts (a, b, c)
within the same column indicate a significant effect (P < 0.05) amongst donor group within holding time. Different numbers
(1, 2) in the row for the same parameter indicates a significant difference (P < 0.05) between holding time (4h or 24h).
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Table 1.4. Effect of melatonin implantation and season on sperm nucleoprotein integrity for fresh
ejaculate and 24h refrigerated semen

Holding time (h)

F R24
Host (%)
Non-breeding season 31.33+£2.13% 15.44 + 3.20%
Melatonin/non-breeding 51.48 + 4,092 32.83 +3.51M
Breeding season 46.32 + 3.56 29.79 + 2.06"
FCR (nmolCys/ug protein)
Non-breeding season 0.33+0.112 0.03 £ 0.022
Melatonin/non-breeding 0.46 £0.192 0.03+0.032
Breeding season 4.34 + 0.56° 6.31+0.62°

F: fresh ejaculate; R24: 24h refrigerated semen; HOST: hypo-osmotic swelling test; FCR: free cysteine radical.
Values are expressed as mean + S.E.M. Different superscripts (a, b) within the same column indicate a
significant effect (P < 0.05) amongst donor group. Different numbers (1, 2) in the row for the same parameter
indicates a significant difference (P < 0.05) between holding time (4h or 24h).

The mean time for semen emission using EE was longer in NB donor group than other
sperm donor groups. This significance may be as a result of marked seasonal variation
regulated by photoperiod which negatively affects semen production especially during a non-
breeding season (Hanif and William, 1991: Fitzgerald and Stellflug, 1991). The analysis on
various semen parameters from fresh ejaculates varied considerably among the three sperm
donor groups. However, from our results, it was evident that melatonin treatment in the non-
breeding season generally improved fresh semen quality by reversing the negative effect on
sperm production or quality usually observed in a non-breeding season (Casao et al., 2008;
Rosa et al., 2012).

As regards to sperm morphology, our results showed that melatonin treatment displayed
reproductive seasonality inversely associated with photoperiod thereby presenting results
similar to short day length or breeding season. Although, melatonin administration did not
exert any beneficial influence on viability, normal morphology and on some sperm defects in
fresh ejaculates, it enhanced the viability and normal sperm morphology after 24h of chilled
liquid storage. As far as spermatozoa defects were concerned, the most common sperm
defects noticed after 24h refrigeration in all groups were acrosome damage, bent tails and
dethatched sperm heads. The NB donor group was mostly affected and differed significantly
when compared to other sperm donor groups after chilled liquid storage. Furthermore, no
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difference on viability and normal sperm morphology after 24h refrigeration between MEL
and breeding season sperm donor groups despite higher values in MEL. The general negative
effect or reduction regarding chilled liquid storage to sperm parameters tested in the present
work was similar to all previous observations (Purdy, 2006; D’Alessandro and Martemucci,
2003). This may be due to oxidative phosphorylation by sperm mitochondria leading to
generation of reactive oxygen species (ROS) from prolonged liquid storage and temperature
(Allai et al., 2015).

Results on sperm kinematics parameters by CASA showed that MEL group generally
displayed better values than other sperm donor groups. The only evident significant changes
in all kinematic parameters were observed in NB donor group except for BCF at 24h when
compared to other sperm donor groups. Result herein does not agree with a similar work by
our group at 4h of chilled liquid storage (Garcia, 2014), who hypothesise that the non-
beneficial effect of the melatonin implants may be that these native breeds of Aranesa and
Xisqueta seems less affected by seasons. However, we suggest that the reason for this
discrepancy may be age related due to the fact that males used in the previous study were
much younger (1-2years) than males in the present study (5 years), and that the beneficial
effect of melatonin implants may be evident in older males than younger ones. Nevertheless,
further investigation is required. This observation suggests that melatonin reversed the non-

breeding season effect on sperm kinematic motility parameters.

The functionality of sperm plasma membrane was negatively affected during chilled liquid
storage, showing a significant reduction of percentage values in all sperm donor groups. This
is in agreement with result of Allai et al. (2015) who also reported a decline from prolonged
liquid storage of sperm in a Tris egg-yolk based extender. However, no difference was
observed between MEL and breeding season sperm donors after 24h of refrigeration, and

both group differed significantly from NB sperm donor group which had the lowest values.

Regarding sperm nucleoprotein integrity, studies have demonstrated that oxidative stress
caused by osmotic disturbances induces changes between nucleoproteins and DNA bonding
by affecting the strength of disulfide bonds, ultimately destabilising nucleoprotein integrity
(Yang et al., 2007; Flores et al., 2011). To the best of our knowledge, this is the first study
towards the evaluation of ram sperm nucleoprotein integrity by assessing disulfide bonds
rupture. This was done by determining the sperm head free cysteine radicals as a direct
measure in the number of disulfide bonds in nucleoprotein-DNA structure. As indicated
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above, our results showed no effect of liquid storage in all donor groups but a significant
difference between seasons. Although, no studies on chilled liquid storage effect on ram
sperm nucleoprotein structure has been reported, a previous work in boar has demonstrated a
marked increase of sperm-head disulfide bonds rupture from oxidative stress due to freezing-
thawing (Flores et al., 2011). As regards the significant difference between seasons, we
hypothesise that ram sperm chromatin package in relation to nucleoprotein-DNA
compactness maybe be correlated with seasonal variation but this area requires further

investigation

Nevertheless, from results in this study, we suggest that the adverse effect of seasonality
on sperm may have been reversed by the increased plasma melatonin levels in melatonin
implanted rams during the non-breeding season (Egerszegi et al., 2014), or the increased
antioxidant enzyme activities in the seminal plasma (Reiter et al., 2009; Casao et al., 2010)
during storage. Our result is similar to observations made by Kaya et al., (2001), although on
cryopreservation, demonstrated improved freezabilty of sperm from melatonin implanted
rams. Results herein, and to our knowledge, is the first report on the effect of melatonin
implantation during a non-breeding season on semen quality as regards to 24h chilled liquid
storage as most similar studies have been focused on frozen-thawed sperm quality (Casao et
al., 2008; Egerszegi et al., 2014).

Furthermore, another explanation for the differences on sperm quality between NB and
MEL donor groups may be attributed to increase of testosterone levels observed with
melatonin implantation to rams in a non-breeding season (Kokolis et al., 2000). Further
confounding information demonstrates melatonin action on the pineal gland and, with
stimulating effect of pineal hormone on the hypothalamus-pituitary axis, causes an increase
of testosterone levels by increased GnRH and LH secretions (Misztal et al., 2002). Also,
studies have shown melatonin direct action on testosterone secretion by the testis (Valenti
and Giusti, 2002), and its direct involvement in androgen secretion (Frungier et al., 2005).
Therefore, the essentiality of testosterone in the testis for spermatogenesis improves male
fertility by regulating the latter phase of spermatogenesis, maintaining blood-testis barrier and
release of mature sperm (Walker, 2009). Although the level of testosterone was not tested in
the present work, we suggest that the influence of this hormone may have reversed the
seasonal effect by the melatonin implants during the non-breeding season, giving similar

results, and sometimes even better when compared to sperm donors in breeding season.
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In conclusion, our results confirm that melatonin implantation to sperm donor rams during
the non-breeding season enhanced the ability of sperm cells in almost all the parameters
studied during chilled liquid semen storage. Furthermore, the mechanism by which melatonin

implants acts on sperm function during liquid storage needs further investigation.
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A Comparison of Semen Collection Methods
(electroejaculation vs. artificial vagina)

on the Quality of Pre- and Post-thawed
Aranesa Ram Spermatozoa
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Abstract

This study was conducted to evaluate the efficacy of collection methods (electroejaculation
(EE) vs. artificial vagina (AV) on the quality Aranesa ram sperm towards the establishment
of a sperm bank. A total of ten Aranesa rams were subjected to the different collection
method: 5 males for EE and 5 for AV. Fresh semen quality was evaluated microscopically,
pre-freeze and post-thawed sperm motion by CASA while plasma membrane integrity
(SYBR-14/P1), acrosome integrity (PE-PNA), mitochondria activity (Mitotracker deep red)
and reactive oxygen species (H.DCFDA) on post-thawed sperm were analysed by flow
cytometry. Sperm nucleoprotein integrity assessment was done by the determination of
overall levels of sperm-head disulfide bonds via spectrophotometric analysis of free-cysteine
radicals’ levels. Fresh semen results showed no significant difference between methods
except for volume, concentration, total sperm count and functional sperm membrane
integrity. There was a significant difference between methods in almost all motion
parameters except for LIN and STR in pre-freeze samples but none was observed after
thawing. Post-thawed samples evaluated by flow cytometry showed better stability and
functionality of sperm obtained via EE than by AV. Results herein supports the inclusion of
EE method as a viable alternative and quick method for semen collection especially from a
large numbers of untrained rams towards the ongoing conservation program and

establishment of Aranesa sperm cryobank.
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Introduction

Aranesa rams are native Catalonia breed of sheep located in marginal areas across the
north of Catalonia, Spain. They are characterised by their meat and lamb production, and are
highly adapted to harsh conditions of traditional grazing system even during summer
(Esteban 2003). However, in 2003, this breed was listed as endangered with facing extinction
by the Servicios de Agricultura, Ganaderia and Medio Ambiente del Consejo General del
Valle de Arén. Furthermore, a recent survey indicated a sharp decline due to low generational
changes in farming thus sparking new interest towards characterization and conservation of
this breed (Avellanet et al. 2005). To this regards, an ex situ program was initiated towards
the creation of sperm cryobanks (Garcia 2014). This procedure is a useful tool for storage and
restoration of valuable genetic resources, and in combination with ART, conservation of

endangered breeds may be practical (Holt and Pickard 1999).

Therefore, in creating a sperm cryobank, the use of an effective semen collection and
evaluation technique is an integral aspect to achieving this goal. In small ruminants, semen
collection via artificial vagina (AV) or electroejaculation (EE) are commonly used methods.
Although, AV is the preferred method (Leboeuf et al. 2000), semen collection from large
numbers of untrained rams makes sperm bank creation difficult as this technique requires
previous training periods (Wulster-Radcliffe et al. 2001). Alternatively, EE could be a useful
procedure for semen collection especially from untrained males (Jiménez-Rabadan et al.
2012). Nevertheless, literature abounds on the benefits and limitation on various semen
collection methods in some domestic species or breeds (Nikolovski et al. 2013), but to our
knowledge, nothing is known about this Catalonia breed. Furthermore, differences in
collection methods have been reported to affect sperm quality both in fresh ejaculates
(Greyling and Gobbelaar 1983) and post-thawed sperm (Salamon and Maxwell 1995; Watson
1995). Despite the similarities in most sperm cryopreservation protocols used in small
ruminants (Parkinson 2009; Shipley et al. 2007), differences may still exist within species
due to breed characteristics and response of sperm to cryopreservation protocols (Jiménez-
Rabadan et al. 2016). Also, evaluation to semen recovery method on rams’ post-thawed
sperm quality may not be directly similar due to various handling techniques or freezing
protocols (Alvarez et al. 2012).

To this regard, there is no information on the most effective method of semen collection
from Aranesa rams as regards their semen characteristics, although collection via AV has
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been mainly used but on trained males (Garcia 2014). Therefore, for the successful
application of ARTs towards conservation, information on semen recovery method on pre-
and post-thawed sperm quality is essential. This may lead to a rapid constitution of sperm
bank especially from a large number of untrained males within a short period of time towards
conservation purposes for this breed. Thus, the present study aims at evaluating the potential
effect of two semen collection methods (electroejaculation and artificial vagina) on sperm

production and quality of fresh and frozen-thawed Aranesa ram spermatozoa.
Materials and Methods

Animals and location

Animal handling was performed in accordance to Spanish Animal Protection Regulation,
RD 53/2013, which conforms to European Union Regulation 2010/63. Experimental animals
were housed and managed at Caldes de Montbui in the Institut de Recerca i Tecnologia
Agroalimentaries (IRTA, Spain) where they were provided with food and water ad libitum.
The freezing protocol and different sperm analysis were conducted in the Autonomous

University of Barcelona, Spain, 25 Km away of IRTA facilities.

Reagents and Media

Unless otherwise stated, all reagents were acquired from Sigma Chemical Co. (St. Louis,
Mo, USA). Fluorescence probes and analysis kits (LIVE/DEAD® sperm viability kit (L-
7011; SYBR-14 and PI) and Mitotracker deep red (M22426) were purchased from Invitrogen
(Barcelona, Spain). All fluorochrome solutions were kept in the dark at -20°C. The freezing
extender was prepared in our laboratory using powdered egg yolk as described by Palomo et
al. (2017) obtained from NIVE (Nunspeet Holland Eiproducten).

Collection and processing of fresh semen

Semen samples were collected during the breeding season from ten adult (Aranesa) rams
(5 years old). Prior to collection, males were randomly divided into two groups: EE or AV

group comprising of five males per group.

For the electroejaculation, Electrojac 1V® stimulator (Minitub lberica SL, Reus, Spain) was
used with a rectal probe of 22 cm long, 2.5 cm in diameter. This procedure was accomplished

by first shaving the preputial hairs and cleaning the orifice with clean water to prevent
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contamination of samples. Feaces were removed, and the accessory glands were massaged to
pre-stimulate the males before electrical stimulation. Afterwards, the probe was inserted
facing ventrally inside the rectum and consecutive stimuli of 6-s pulses of similar voltage,
and stopped for 6-8 s before the next stimuli. When the seminal discharge became cloudy, a

graduated collection tube was placed over the penis to collect the ejaculate.

For collecting semen with an AV, trained rams were brought close to a ewe in the presence
of a handler with an artificial vagina. Temperature of water in the lining of the AV ranged
from 40 to 44°C during semen collection. Collection was done twice per day on weekly basis
from each male using both methods. A total number of six replications (n=6) was carried out
regardless the method, totaling 120 ejaculates (12 ejaculates per male). Immediately after

collection, ejaculates were maintained in water bath at 37°C following initial analysis.
Evaluation of ejaculates

All fresh ejaculates were evaluated macroscopically for volume using a transparent
graduated tube. Mass motility and linear progressive motility were determined subjectively
using phase contrast microscope (warming stage at 37°C). Mass motility was scored on a
scale of 0-5 (0: no movement - 5: strong wave movement). Percentage of linear progressive
motility was subjectively estimated by diluting fresh ejaculate (1:10) in Tris-glucose-citrate
(TGC) solution and assessing 10 fields with a microscope. Fresh sperm viability and
morphology was estimated by eosin-nigrosin staining as described by Evans and Maxwell
(1987). Sperm plasma membrane functionality was evaluated by hypo-osmotic swelling test
(HOST solution: 0.519¢ fructose, 0.282g sodium citrate diluted in 50ml of milli Q water, 100
mOsm) as described by Forouzanfar et al. (2010). A total number of 400 spermatozoa were
counted under the microscope at x1000 magnification with oil immersion from every

staining.
Cryopreservation of semen

The basic extender used in this study was Tris (hydroxymethyl-aminoethane)-citric acid-
glucose (TCG) solution as demonstrated by Salamon and Maxwell (2000), consisting of Tris
(0.3M), citric acid anhydrous (94.7 mM), and D(+)-glucose (27.75 mM). This solution was
adjusted to a pH of 7.25 + 0.05 and osmolarity 333 £ 2.80 mOsm. Thereafter, glycerol (5%
v/v, final concentration) and antibiotics (1000 Ul/mL sodium penicillin and 1mg/mL
streptomycin sulfate) were added to the solution having a final pH 7.0-7.17 and 1327 + 234
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mOsm. Powdered (PEY) egg yolk was then added to a final concentration of 15% as
described by Palomo et al. (2017). First and second ejaculates from each male were mixed
together following no differences in semen characteristics. Semen samples were extended in
a TCG-based media containing a final concentration of 5% glycerol and 15% powdered egg
yolk (PEY). All extended samples were held for equilibration for 4 hours at 5°C (pre-
freezing). Thereafter, extended semen was packed into 0.25ml plastic straws (IMV
Technologies, L’Aigle, Cedex, France) at a final concentration of 400 x 10° sperm/ml. All
straws were kept in liquid nitrogen vapor (5cm above the nitrogen level) for 10 minutes

before plunged into liquid nitrogen.
Sperm motion assessment by CASA

Pre-freezing (after 4h cooling) and post-thawed sperm motion parameters were assessed
using the computer-assisted sperm analysis (CASA) system ISAS® (PROISER SL.,
Valencia, Spain). For frozen sperms, two straws from every replicate were thawed by
immersion in a water bath at 37 °C for 30 s and the content poured in a dry tube kept at the
same temperature for analysis. Analysis by CASA was done by diluting sperm samples (1:10)
in PBS, and placing 5pl of sperm suspension on a slide, and covered with a cover-slip. Sperm
motion was assessed at 37°C at x200 magnification using a phase contrast microscope
(Olympus BH-2, Japan). For each sample, more than three fields per drop were analyzed and

a minimum of 200 spermatozoa evaluated.

The percentage of total motility (TM), progressive motility (PM), curvilinear velocity
(VCL, pm/s), linear velocity (VSL, pum/s), mean velocity (VAP, um/s), linearity coefficient
(LIN= [VSL/VCL]x100, %), straightness coefficient (STR= [VSL/VAP]x100, %), lateral
head displacement (ALH, um) and beat cross frequency (BCF, Hz) were evaluated. The
settings used for the sperm image analyses were as follows: number of images (25/s), optical
(Ph-), scale (20xOlympus), particle area (>3 a <70 micras?), slow sperm (10-45 micras/s),

average sperm (45-75 micras/s), rapid sperm (>75 micras/s), progressive (80% STR).

Flow cytometry analysis

Flow cytometry was performed using the BD FACSCanto platform (BD Biosciences,
USA), and data were analyzed by BD FACS DIVA software (BD Biosciences, USA). Plasma
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and acrosomal membrane integrity as well as mitochondrial function of frozen-thawed sperm
were evaluated by flow cytometry using a quadruple-staining technique as described by
Tabarez et al. (2017). The following fluorescent probes were used: LIVE/DEAD® sperm
viability kit (SYBR-14 and Propidium lodide (PI; L-7011, Invitrogen SA)) for plasma
membrane integrity (viability), Phycoerythrin-Peanut Agglutinin (PE-PNA; GTX015009,
Antibody, Bcn SL) for acrosome integrity and Mitotracker deep red (M22426, SA Invitrogen)

for the detection of mitochondrial activity.

This analysis was done using a final concentration of 1 nM of SYBR-14 (diluted in
DMSO), 1.5 uM of PI, 2.5 ug/mL PE-PNA (1 mg/mL of stock solution in a buffer composed
of 3.0 M ammonium sulfate, 50 mM sodium phosphate and 0.05% sodium azide, pH 7.0
containing 1 mM [Ca2 + ] and [Mn2 + ] ions) and 1.5 nM of Mitotracker deep red (diluted in
DMSO) with 1 mL of sperm diluted in PBS to a final concentration of 1 x10%/mL. Samples
were mixed and incubated at 37 °C for 10 min and then remixed just before analysis. Stained
sperm suspensions were subsequently ran through the flow cytometer. Fluorescent probes
SYBR-14, PE-PNA and PI were excited in the flow cytometer using a 488-nm blue solid-

state laser while the Mitotracker deep red was excited using a 633-nm He/Ne excitation laser.

After evaluation, sperm populations taken into consideration for this study were sperm
viability (total alive sperm cells), viable cells with intact acrosome and active mitochondria
(SYBR14+/ IP-/PE-PNA-/Mitotracker +), viable cells with damaged acrosome and inactive
mitochondria (SYBR14"/IP/PE-PNA*/Mitotracker ), viable cells with damaged acrosome
and active mitochondria (SYBR14+/IP-/PE-PNA+/Mitotracker +) and viable cells with
damage acrosome and inactive mitochondria (SYBR14"/IP"/PE-PNA*/Mitotracker’). Also,
the total acrosome damage was recorded.

Assessment reactive oxygen species (ROS) production)

Reactive oxygen species (ROS) production of all samples were determined using
fluorescent probes: 2',7'-dichlorodihydrofluorescein diacetate (H.DCFDA). This was done
following a procedure modified from Guthrie and Welch (2006), and a simultaneous
differentiation of viable from non-viable spermatozoa was performed by co-staining the
spermatozoa with PI. Spermatozoa were stained with H.DCFDA at a final concentration of
200 pM and incubated at 37 °C for 10 min in the dark. Thereafter, 1pl of PI at a final
concentration of 10 UM was added to the incubation until 60min following analysis.

H>DCFDA is a stable cell-permeable non-fluorescent probe that is intracellularly de-
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esterified and becomes a highly fluorescent 2',7'-dichlorofluorescein (DCF) upon oxidation
(Guthrie & Welch 2006). This DCF fluorescence was collected through FL-1, whereas Pl
fluorescence was detected through FL-3. The index of ROS production was expressed as the
measurement of the geometric mean of green intensity fluorescence unit (GMFI; geometric
mean in FL1). Data are expressed as means + SEM of fluorescence intensity of viable

spermatozoa with high intracellular H20: levels (high DCF* fluorescence).
Determination of sperm nucleoprotein integrity

The determination of sperm nucleoprotein integrity due to disruption of the overall levels
of sperm head disulfide bonds was done through spectrophotometric analysis of free cysteine
radical levels. This technique was adopted from a published work on the determination of
free cysteine radicals in boar sperm nucleoproteins (Flores et al. 2011). Briefly, aliquot of
frozen thawed semen was washed with dilution (1:10) in PBS with a centrifugation of 5,000x
g for 10 min at 5°C. The supernatant (seminal plasma/extender) was carefully removed and
the resultant pellet were resuspended in 400 ul of ice-cold 50mM Tris buffer (pH adjusted at
7.4) containing 150mM NaCl, 1% (v:v) Nonidet, 0.5% (w/v) sodium deoxycolate, 1mM
benzamidine, 10pg/mL leupeptin, 0.5mM phenylmethylsulfonyl fluoride (PMSF) and 1mM
sodium orthovanadate (Na2VOs). Spermatozoa were subsequently homogenised through
sonication (lkasonic U50 sonicator, Ika Labortechnick; Staufen, Germany). The homogenates
were centrifuged at 850xg at 4°C for 20 min, and resultant supernatants and the upper layer

of the pellet were removed before resuspended in 500l of PBS.

Thereafter, the levels of free-cysteine residues in sperm nucleoproteins were determined in
the samples obtained by using the 2,2’-dithiodipyridine technique (2,2’-dipyridyl disulphide;
Sigma; Saint Louis, USA) as described by Brocklehurst et al. (1979). This was determined by
adding 10-uL of the resuspension to 990uL of an aqueous solution of 0.4mM 2,2’-
dithiodipyridine. The mixture was incubated at 37°C for 1h. Afterwards, levels of free-
cysteine residues in sperm nucleoproteins were determined through spectrophotometric
analysis at a wavelength of 343nm. The results obtained were then normalised through a
parallel determination of total protein content of each sample through the Bradford technique
(Bradford, 1976), after applying a commercial kit (BioRad; Hercules, CA, USA).

Statistical analyses
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Statistical analysis was performed using the statistical package SPSS 20 and results were
expressed as the mean + S.E.M. The data obtained from the analysis of all sperm parameters
were subjected to tests of normality and homoscedasticity Shapiro-Wilk and Levene,
respectively. Where necessary, data were arc sine transformed. Comparison between semen
collection methods were analyzed using the independent sample t-test, followed by Duncan

multiple test. Analyses were considered as statistically significance at P<0.05.

Results

Fresh ejaculate parameters

With regards to collection methods, no influence (P > 0.05) was established for both
methodologies on mass motility, progressive motility, viability, normal sperm morphology
and total acrosome damage. However, a significant effect (P < 0.05) was observed in the
volume, sperm concentration and total sperm count, showing ejaculates via AV having the
lesser volume but the highest sperm concentration (Table 2.1). Similarly, after the hypo-
osmotic test analysis, the membrane functional integrity was significantly higher (P < 0.05) in
sperm samples collected by AV compared to those collected by EE.

Pre-freeze and post-thawed sperm motion parameter by CASA

Means of semen parameters for pre-freeze and frozen-thawed samples collected using both
methods obtained by CASA are presented in Table 2.2. Pre-freeze analysis showed that
collection method had an effect on sperm motion (P < 0.05) for VCL, VSL, VAP, ALH, BCF,
TM or PM variables with sperm collected by AV having the lowest values. However, no
difference (P > 0.05) was observed for LIN and STR between collection methods. After
thawing, significant effects (P < 0.05) were observed in some sperm motility parameters (VCL,
VSL, VAP and TM) between pre-freeze and frozen-thawed samples regardless of collection
method. There was no difference on PM in AV collected samples but a significant decrease (P
< 0.05) was seen in the EE collected samples. As regards to all frozen-thawed samples, no
difference (P > 0.05) was observed between collection methods in all sperm motility

parameters studied.
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Table 2.1. Effect of method of collection on fresh ejaculate characteristics

Parameters EE AV

Volume (ml) 1.25+0.12? 0.79 +£0.08°

Mass motility 3.54+0.10 3.58£0.15
Progressive motilty (%) 76.04 £1.90 74.79+2.30

Host (%) 55.29 + 3.272 70.50 + 1.63"
Viability (%) 76.38 + 1.61 67.63 +5.82
Normal morphology (%) 77.50+2.28 73.42£2.02
Total acrosome damage (%) 6.21 +0.87 5.21 +0.69
Concentration (x10°) 1722.21 + 201.232 4871.88 + 268.94°
Total sperm count (x10°) 2104.92 + 325.872 3374.83 + 306.33°

EE: electroejaculation; AV: artificial vagina. Data are shown as mean * S.E.M. Different superscripts (a, b) across

the same row indicates significant difference between collection methods (P < 0.05).

Effect of collection methods on post-thawed sperm nucleoprotein integrity

Analysis of free cysteine radicals in sperm nucleoproteins at freeze-thawing showed no
significant difference (P > 0.05) in the mean levels of cysteine residues in sperm
nucleoproteins between sperm collected via EE (0.42 = 0.14 nmol/ug protien) compared to
those by AV (0.51 + 0.21 nmol/ug protien).

Frozen-thawed sperm quality by flow cytometry

The flow cytometry analysis of thawed sperm samples showed no significant difference (P>
0.05) on total viable sperm cells (alive population) regardless of collection method (Table 2.3).
Also, within the above population, we observed no differences in viable sperm cells with intact
acrosome and active mitochondria on sperm obtained by EE compared to those via AV.
However, there was a significant increase (P < 0.05) in the percentage of viable cells with
damage acrosome and high mitochondria activity in sperm obtained via AV compared to those
collected via EE. In this study, we considered this sperm population as “cryocapacitated”
sperm. Also, percentage of viable cells with intact acrosome and inactive mitochondria was

significantly higher in EE collected samples compared to those collected via AV
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Table 2.2. Effect of collection method on pre-freeze and frozen-thawed sperm motility

Parameters Collection method Pre-freeze Post-thaw
™ (%) EE 67.54 + 2.48% 28.50 + 2.89°
AV 53.67 + 5.00%2 29.92 + 2.55°
PM (%) EE 21.71 + 1.86% 7.67 +1.35
AV 9.00 + 2.162 8.21+1.18
VCL (um/s) EE 78.04 + 3,674 89.55 + 6.41°
AV 55.03 + 3.53%2 79.82 + 4.51°
VSL (um/s) EE 28.32 + 1.55% 35.95 + 3.10°
AV 16.99 + 1.3922 36.82 + 3.05"
VAP (um/s) EE 42.23 + 2,052 53.98 + 4.04°
AV 27.59 + 1.93%2 52.88 + 3.36"
LIN (%) EE 36.76 +1.24 39.37 +1.48
AV 35.18 +2.04 40.80 + 1.71
STR (%) EE 64.94 +1.03 61.82+1.72
AV 61.65 + 1.89 59.80 + 1.84
ALH (um/s) EE 3.62 +0.13 3.72+0.21
AV 2.84 +0.152 3.22+0.13
BCF (Hz) EE 7.11 £0.33 6.65 + 0.42
AV 5.65 + 0.362 5.49 £0.32

EE: electroejaculation; AV: artificial vagina; TM: total motility; PM: progressive motility; VCL: Curvilinear velocity; VSL:
Linear velocity; VAP: Mean velocity; LIN: Linear coefficient; STR: Straightness coefficient; ALH: Lateral head
displacement; BCF: Beat cross frequency. Data are shown as mean + S.E.M. Different numbers (1, 2) in the column for the
same parameter indicates significant difference (P < 0.05) between collection methods. Different superscripts (a, b) across
the same row (pre-freeze and post-thawed) indicate a significant difference (P < 0.05).

Viable cells with damaged acrosome and inactive mitochondria detected by this technique
showed very low values with no significant differences between collection methods.
Furthermore, the total acrosome damage was significantly higher in AV collected sperm
compared to those via EE (Table 2.3). No significant difference was observed on reactive

oxygen species (ROS) production values between collection methods.
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Table 2.3. Effect of collection on frozen-thawed plasma and acrosomal membrane
integrity, mitochondrial activity and production of reactive oxygen species analysed by

flow cytometry

Parameters EE AV
Viable sperm cells (%) 24,95+ 141 25.39+1.30
Viable, intact acrosome and active 21.65+2.92 23.31+0.51
mitochondria (%)

Viable, damaged acrosome and active 0.10£0.03* 0.39+0.37°
mitochondria (%)

Viable, damaged acrosome and inactive 0.22+0.01 051+0.21
Mitochondria

Total Acrosome Damage (%) 31.10 = 4.62° 43.50 * 3.06°
ROS (GMFI) 7.35+1.37 8.70+1.36

EE: electroejaculation; AV: artificial vagina; ROS: reactive oxygen species; GMFI: geometric mean
fluorescence intensity of viable spermatozoa with high intracellular H;O- levels. Data are shown as mean +

S.E.M. Different superscripts (a, b) across the same row indicates significant difference (P < 0.05).

Discussion

Various works have suggested that the effect of collection methods on pre and or post-
thawed sperm quality varies in small ruminants thus showing inconsistent results depending
on species and or breeds (Marco-Jiménez et al. 2008). In this study, we directly compared the
effect of two semen collection methods (EE vs AV) on fresh and frozen-thawed sperm
quality of endangered Aranesa ram using an established cryopreservation protocol in our
laboratory (Palomo et al. 2017). Despite the usefulness of EE, especially for untrained males,
this method has been reported to alter semen characteristic and may show different responses

of sperm to cryopreservation (Jiménez-Rabadan et al. 2012; Ledesma et al. 2014).

In the present study, ejaculates via EE had larger seminal volume with lesser sperm
concentration than those via AV (Jiménez-Rabadan et al. 2016), suggesting that the larger
volume is as a result of increased seminal plasma (SP) from the accessory sex glands due to
electric stimulation (Marco-Jiménez et al. 2008). Also, total sperm count and functional

integrity of sperm membrane obtained via EE were lower compared to AV. This result agrees
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with Jiménez-Rabadan et al. (2016) but in contrast with Marco-Jiménez et al. (2005) who
found similar values. Furthermore, there was no effect on sperm viability, morphology and
total acrosome damage between the methods (Marco-Jiménez et al. 2008; Jiménez-Rabadan
et al. 2012).

Regarding sperm kinematics parameters by CASA at pre-freezing, it was interesting to
observe that motility parameters was significantly higher in EE samples than those obtained
by AV except for LIN and STR motion parameters. This discrepancy may be due to changes
in protein composition in SP obtained by EE (Marco-Jiménez et al. 2008). Further
confounding this explanation may be the greater amount of energy and buffer per
spermatozoa in the seminal plasma available for maintenance of metabolism during chilled
liquid storage (Leahy et al. 2010; Mata-Campuzano et al. 2015). In any case, most studies are
inconclusive as to the best possible sperm concentration and SP since no direct comparison
has been made, especially for chilled liquid storage (Maxwell and Salamon 1993; Mata-
Campuzano et al. 2015). Whether the changes in protein composition or increased amount of
SP obtained via EE improved chilled stored sperm kinematics compared to those by AV,
further investigation is required. At post-thaw, an effect was observed on VCL, VSL, VAP
and TM motility parameters regardless of collection method. This result agrees with other
findings as regards the negative effect of freeze-thawing on sperm motility (Jiménez-Rabadan
et al. 2012; Ledesma et al. 2014). On the other hand, our study agrees with a similar works
showing no difference between collection methods on post-thawed sperm motility parameters
(Marco-Jiménez et al. 2008; Jiménez-Rabadén et al. 2016).

Flow cytometry analysis of thawed sperm samples on viability and ROS agrees with
similar study reported by Alvarez et al. (2012), but contradicts Marco-Jiménez et al. (2005)
who reported better values in sperm collected by EE than via AV. We suggest that this
discrepancy may be due to the cryopreservation protocol used making comparison hardly
conclusive (Jiménez-Rabadan et al. 2016). Nonetheless, cryopreservation process has been
reported to induce changes in sperm function such as loss of membrane permeability, sperm
structural damage, reduced enzyme activity, viability and motility (Thundathil et al. 1999). In
this study, we observed no effect on viable cells with intact acrosome and active
mitochondria as well as in damaged acrosome and inactive mitochondria after thawing,
irrespective of collection method. Our results contradict similar work by Jiménez-Rabadan et

al. 2016, indicating that ram sperm collected via AV were more resistance to cold shock with
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better sperm quality than via EE. However, Marco-Jiménez et al. (2005) reported a higher
sperm cryoresistance quality in EE obtained samples than via AV. An explanation to this may
be due the complexity and variance of SP amongst species or breeds (Leahy et al. 2010).
Consequently, semen sample obtained by EE had lower percentage of viable cells with
damaged acrosome and active mitochondria (cryo-capacitation) and total acrosome damage
than those via AV. This agrees with Marco-Jiménez et al. (2005). Our result in the present
study suggests that EE frozen-thawed sperm seem to display better stability during
cryopreservation. This stability may be due to SP proteins induced by electrical stimulation of
accessory glands which may have helped to suppress capacitation or acrosome reaction, and
to an extent, preserved the functional characteristics of spermatozoa during freezing (Barrios
et al. 2000; El-Rajj Ghaoui et al. 2007). It is worthy to note the high incidence of sperm with
low mitochondrial activity in sperm collected via EE. A possible explanation may be due to
the electrical stimulation, resulting to the forceful out flow of spermatozoa with various
qualitative characteristics unlike AV which resembles natural mating (Wulster-Radcliffe et
al. 2001).

Regarding sperm nucleoprotein integrity, studies have demonstrated that oxidative stress
caused by osmaotic disturbances induces changes between nucleoproteins and DNA bonding
by affecting the strength of disulfide bonds, ultimately destabilising nucleoprotein integrity
(Yang et al., 2007; Flores et al., 2011). Furthermore, the weakening and disruption of
disulfide bonds due to oxidative stress during cryopreservation and freeze-thawing may cause
damages to nucleoprotein structure (Oganesyan et al., 2007). However, to the best of our
knowledge, this is the first study towards evaluating ram sperm nucleoprotein integrity by
assessing disulfide bonds rupture. This preliminary study was done to determine sperm head
free cysteine radicals as a direct measure in the number of disrupted disulfide bonds in
nucleoprotein-DNA structure between sperm from EE and AV. Our results showed no
significant difference between methods on post thawed sperm. We hypothesise that ram
sperm chromatin package in relation to nucleoprotein-DNA compactness between EE and
AV may be similar. However, we can only speculate about the physiological significance of
this structure but further investigation is needed in order to evaluate the strength of the
hypothesis, as well as the consequences during the entire cryopreservation process.

In conclusion, results in our study supports the inclusion of using EE technique in the

creation of Aranesa sperm bank as a swift methodology towards cryopreservation without the
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need for training period. This will allow for a quicker conservation program for this breed
with less detrimental effect on cryopreserved sperm quality. Furthermore, future work is
required to aim at improving cryopreservation protocols or extenders towards the successful

conservation program on semen collected by EE from Aranesa rams.
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ARTICLEINFO ABSTRACT

Keywords: This study was conducted to evaluate sperm motility and quali@ative characteristics of ram spermatozoa cryo-
Ram preserved in the presence or absence of seminal plasma under controlled conditon and subjected w a 4 h post-
Washing thawing thermal evaluation test. The aim being that exposing these frozen-thawed sperm o thermal resistance
Sperm : test will provide useful information on their survivability in the female genital tract towards fertilizing the ovum.
m’:’”‘m“ Briefly, ejaculates fom 5 males (Syears) were collected by artificial vagina, and split into two aliquots. One

aliquot was diluted (1:5) in Tris-citric acid-glucose (TCG) solution and washed twice by centrifugation at 600 x g
for 10 min, while the other aliquot was kept unwashed. Thereafter, washed and unwashed sperm were extended
in a TCG-based media containing 5% glycerol and 15% powdered egg yolk (PEY) and frozen. Frozen-thawed
sperm were thawed and incubated at 37 °C for 4 h. Sperm motility characteristics was evaluated by CASA while
plasma membrane integrity (SYBR-14/PI), acrosome integrity (PE-PNAJ, mitochondria activity (Mitotracker
deep red) and reactive oxygen species (H,DCFDA) were analysed by flow cytometry. Sperm nucleoprotein in-
tegrity assessment was done by the determination of overall levels of sperm-head disulfide bonds via spectro-
photometric analysis of free-cysteine radicals’ levels. Unwashed samples generally showed better results than
washed samples as regards o sperm motility characteristics irrespective of incubation. The post-thawing in-
cubation had a significant (P < 0.05) effect on acrosome integrity and mitochondria functionality imespective
of sperm treatment. This study demonstrates that the presence of seminal plasma prior to cryopreservation was
beneficial in maintaining post thawed sperm motility, and as such, could be useful for ex situ ram sperm pre-
servation towards its wse for artificial insemination.

Paost thawing quality

1. Introduction nature of the sheep industry. Nevertheless, there is still a wide varia-

bility with cryopreserved semen resulting to frequently low fertility

The use of semen cryopreservation in assisted reproductive techni-
ques (ART) has become an indispensable tool for genetic improvement
towarnds breeding management in sheep industry (Anel et al, 2006).
However, cryopreservation adversely impairs ram semen quality by
altering sperm function (Ledesma et al., 2016). This may be due to
spermatozoa sensitivity to extreme temperature changes during
cooling, freezing and thawing, invariably leading to a reduction in
motility, viability, mitochondria membrane integrity, increase in re-
active oxygen species production and chromatin damage (Bailey et al.,
2003 Said er al., 2010). These alterations may affect the post thawing
fertilizing capabilities as a result of reduced survivability of the frozen
thawed spermatozea (Salamon and Maxwell, 1995 Ledesma et al,
2016).

Although, laparcscopic artificial insemination (AI) has yielded ac-
ceptable results (Naqvi et al., 2001), its use is usually sophisticated and
cost effective, making it routinely inappropriate due to the extensive
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rates (Bag et al., 2004). This is notably observed when cervical Al is
performed, leaving substantive period of time for spermatozoa to mi-
grate to the oviduct thus impairing sperm survivability (Druart et al.,
2009). Therefore, maintaining the sperm quality of frozen-thawed
spermatozoa for an extended perod of time is of utmost importance.
However, several researchers on different species have reported that
the longevity of frozen thawed spermatozoa during in vitre incubation is
low due to the varous alterations in sperm membrane during cryo-
preservation (Gadea et al, 2005; Domunguez-Rebolledo et al, 2009;
Mata-Campuzano et al, 2012). Therefore, many attempts to improve
the quality of frozen-thawed semen in various species have been re-
ported; one such method is the removal of seminal plasma from the
ejaculate by centrifugation (semen washing) prior to freezing (Peterson
et al, 2007; Webb and Dean, 2009). Despite studies reporting the
beneficial importance of seminal plasma prior to cryopreservation in-
creased sperm resistance to cold shock and reducing cryocapacitation
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(Barrios et al., 2005; Fernandez-Juan et al, 2006), others have also
demonstrated that removing seminal plasma was necessary to increase
motility, membrane integrity and fertility after freeze-thawing (Moore
et al., 2005; Maxwell et al., 2007).

Nevertheless, the necessity to eliminate the seminal plasma ornot in
ram sperm cryopreservation is still an ongoing issue. One reason for this
discrepancy may be due to the complexity and variance of seminal
plasma amongst species, breeds, donor age and or seasons (Mandiki
et al., 1998; Muino-Blanco et al., 2008; Leahy et al, 2010). However, a
recent work in our laboratory has demonstrated that the removal of
seminal plasma (washing by centrifugation) improved the sperm kine-
matics and survival of frozen-thawed ram sperm (Garcia, 2014). De-
spite the main aim- being to establish a semen bank for these en-
dangered native Catalonian eed of rams (Aranesa and Xisqueta) under
controlled conditions, information on sperm motility and qualitative
characteristics during post-thawing incubation regarding the various
sperm treatments prior to freezing is of preliminary imporance.
Therefore, exposing these frozen-thawed sperm to a thermal resistance
test may be a useful technique in assessing their probability for survival
in the female genital tract and capacitation status towards fertilizing the
ovum (Aisen et al., 2000).

Therefore, in this present work, we tested the resilience of frozen-
thawed sperm from washed and unwashed sperm samples during a 4-h
incubation period. The objective was to determine the sperm physio-
logical changes and qualitative characteristics by assessing their kine-
matic parameters, viability, nucleoprotein integrity, plasma membrane
integrity, acrosome membrane integrity, mitochondrial function and
reactive oxygen species (ROS) production at post thaw, and after a 4-h
post-thawing incubation period. We aim at providing some basic in-
formation as regards to ram sperm processes for cryopreservation prior
to testing its usefulness for further application.

2. Materials and methods
2.1. Reagents and media

Unless otherwise stated, all reagents were acquired from Sigma
Chemical Co. (St. Louis, Mo, USA). Fluorescence probes and analysis
kits (UVE,—’DEAD. sperm viability kit (L-7011; SYBR-14 and PI) and
Mitotracker deep red (M22426) were purchased from Invitrogen
(Barcelona, Spain). All fluorochrome solutions were kept in the dark at
—20°C. The freezing extender was prepared in our laboratory using
powdered egg yolk as described by Palomo et al. (2017) obtained from
NIVE (Nunspeet Holland Eiproducten). Incubation media used in this
study was a modified phosphate buffer solution (PBS) (supplemented
with 36 pg/mL pyruvate and 0.5 mg/mL BSA) with osmolarity of
280-300 mOsm and pH 7.3-7.4.

2.2, Animals and sample collection

Five adult male rams of Aranesa and Xisquetn breeds (aged 5 years)
were used in this study. They were maintained under an intensive
management system in Institute farm (IRTA, Caldes de Montbui,
Barcelona, Spain) where semen collection and initial assessment was
carfed out. Semen was collected twice weekly with two ejaculates per
collection from each male via artificial vagina with a total of six re-
plications. Prior to collection, the preputial hairs were shaved and the
orifice was washed with dean water and dried to prevent contamina-
tion of samples. All ejaculates were collected during the breeding
season and maintained in water bath at 37 “C following initial analysis.
Volume, mass motility, progressive motility and concentration were
accessed immediately after collection through conventional methods.
Only ejaculates of good quality were used and frozen (mass moti-
lity: =4; sperm concentration: =2500 » 10° sperm/ml: normal sperm
morphology =70%).
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2.3. Cryopreservation of semen

The basic extender wsed in this study was Tris (hydroxymethyl-
aminoethane)-citric acid-glucose (TCG) solution as defined by Salamon
and Maxwell (2000), consisting of Tris (0.3 M), citric acid anhydrous
(94.7 mM), and D(+)-glucose (27.75 mM). This solution was adjusted
toapHof 7.25 + (.05and osmolarity 333 + 2.80 mOsm. Thereafter,
glycerol (5% wv/v, final concentration) and antibiotics (1000 UL/mL
sodium penicillin and 1 mg/mL streptomycin sulfate) were added to the
solution having a final pH 7.0-7.17 and 1327 + 234 mOsm. Powdered
(PEY) egg yolk was then added to a final concentration of 15% as de-
scribed by Palomo et al. (2017). The first and second ejaculates from
each male were mixed together following no differences in the semen
characteristics and divided into two equal samples. One sample was
washed twice by dilution (1:5) in TGC by centrifugation at 600 X g for
10 min to remove the seminal plasma while the other sample was kept
unwashed. Thereafter, the supernatant was carefully removed from the
washed samples leaving the resulting sediment. All samples (washed
and unwashed) was then diluted with the freezing extender (1:4). All
extended samples were held for equilibration for 4 h at 5°C. After
cooling for 4 h (pre-freezing), the extended semen was packed into
0.25 ml plastic straws (IMV Technologies, L'Aigle, Cedex, France) at a
final concentration of 400 x 10* sperm/ml and sealed with palyvinyl
aleohol. All straws were kept in liquid nitrogen vapor (5 cm above the
nitrogen level) for 10 min before been plunged into the liquid nitrogen
and stored.

2.4. Sperm thermal evaluation test

Thermal stress test was carried out to verify the longevity of thawed
semen samples. Two straws per treatment (wash and unwashed) per
replicate were thawed and diluted in the modified PBS to 40 % 10°
sperm,/ml. Thereafter, samples were incubated at 37 °C in a dry bath in
the dark. Evaluation on all post thawed parameters in this study was
assessed immediately after thawing (0 h) and at 4 h of post-thawing
incubation.

2.5, Semen evaluation

2.5.1. Modlity assessment by CASA

Motion characteristics of pre-freezing (after 4 h of refrigeration) and
post-thawed (Oh and 4 h of incubation) samples were assessed using
the computer-assisted sperm analysis (CASA) system ISAS® (PROISER
SL., Valencia, Spain). On analysis, all sperm samples were diluted
(1:10) in PBS, and 5 pl drop of sperm suspension was placed on a slide
and covered with a cover-slip (24 »x 24 mm). Sperm motility was as-
sessed at 37 °C at x200 magnification using a phase contrast microscope
(Olympus BH-2, Japan). For each sample, more than three fields per
drop were analysed and a minimum of 200 spermatozoa evaluated.

The percentage of total motility (TM), progressive motility (PM),
curvilinear velocity (VCL, pm/s), linear velocity (VSL, pm/s), mean
velodty (VAP, pm/s), linearity coeffident (LIN = [VSL/VCL]x100, %),
straightness coefficient (STR = [VSL/VAP]x100, %), lateral head dis-
placement (ALH, pm) and beat cross frequency (BCF, Hz) were eval-
uated. The settings used for the sperm image analyses were as follows:
number of images (25/5), optical (Ph-), scale (20mOlympus), particle
area (= 3 a = 70 micras®), slow sperm (10-45 micras/s), average
sperm (45-75 micras/s), rapid sperm (= 75 micras/s), progressive
(80% STR). All diluents and materials used for sperm analysis were
maintained at 37 "C.

2.5.2. Flow cytometry analysis
Flow cytometry was performed using the BD FACSCanto platform

(BD Biosciences, USA), and data were analysed by BD FACS DIVA
software (BD Biosciences, USA). Plasma and acrosomal membrane in-
tegrity as well as mitochondrial function were evaluated by flow
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cytometry using a quadruple-staining technique as described by
Tabarez et al. (2017). The following fluorescent probes were used:
LIVE/DEAD" sperm viability kit (SYBR-14 and Propidium lodide (PL; L-
7011, Invitrogen SA)) for plasma membrane integrity (viability), Phy-
coerythrin-Peanut Agghutinin (PE-PNA; GTX01509, Antibody, Ben SL)
for acrosome integrity and Mitotracker deep red (M22426, SA In-
vitrogen) for the detection of mitochondrial activity.

This analysis was done using a final concentration of 1 nM of SYBR-
14 (diluted in DMS0), 1.5 uM of PI, 2.5 pg/mL PE-PNA (1 mg/mL of
stock solution in a buffer composed of 3.0 M ammonium sulfate, 50 mM
sodium phosphate and 0.05% sodium azide, pH 7.0 containing 1 mM
[Ca2 +] and [Mn2 +] ions) and 1.5 nM of Mitotracker deep red (di-
luted in DMSO) with 1 ml of sperm dilured in PBS to a final con-
centration of 1 % 10%perm/ml. Samples were mixed and incubated at
37 °C for 10 min and then remixed just before analysis. Stained sperm
suspensions were subsequently ran through the flow cytometer.
Fluorescent probes SYBR-14, PE-PNA and PI were excited in the flow
cytometer using a 488-nm blue solid-state laser while the Mitotracker
deep red was excited using a 633-nm He,/Ne excitation laser,

After evaluation, sperm populations taken into consideration for
this study were sperm viability (total alive sperm cells), viable cells
with intact acrosome and active mitochondria (SYBR14 + /IP-/PE-
PNA-/Mitotracker + ), viable cells with damaged acrosome and active
mitochondria (SYBR14 + /1P-/PE-PNA+ /Mitotracker +) and wiable
cells with intact acrosome and inactive mitochondria (SYBR14™ /IP~/
PE-PNA™ /Mitotracker™ ). Also, the total acrosome damage was re-
corded.

Reactive oxygen species (ROS) production of all samples were de-
termined using fluorescent probes: 2’,7'-dichlorodihydrofluorescein
diacetate (HzDCFDA). This was done following a procedure modified
from Guthrie and Welch (2006), and a simultaneous differentiation of
viable from non-viable spermatozoa was performed by co-staining the
spermatozoa with PL. Spermatozoa was stained with H;DCFDA at a final
concentration of 200 pM and incubated at 37 “C for 10 min in the dark.
Thereafter, 1 pl of PI at a final concentration of 10 pM was added to the
incubated mixture and the incubation continued until 60 min before
analysis. H;DCFDA is a stable cell-permeable non-flucrescent probe
that is intracellularly de-esterified and becomes a highly fluorescent
2", 7"-dichlorofluorescein (DCF) upon oxidation (Guthrie and Welch,
2006). The index of ROS production was expressed as the measurement
of the geometric mean of green intensity fluorescence unit (GMFL;
geometric mean in FL1). Data are expressed as means * SEM of
fluorescence intensity of viable spermatozoa with high intracellular
H.0s levels (high DCF™ fluorescence).

2.5.3. Determination of sperm head free cysteine radicals

The determination of sperm nucleoprotein integrity due to disrup-
tion of the overall levels of sperm head disulfide bonds was done
through spectrophotometric analysis of free cysteine radical levels. This
technique was adopted from a published work on the determination of
free cysteine radicals in boar sperm nucleoproteins (Flores et al., 2011).
Briefly, aliquot of frozen thawed semen was washed with dilution
(1:10) in PBS with a centrifugation of 5,000 x g for 10 min at 5 °C. The
supematant (seminal plasma /extender) was carefully removed and the
resultant pellet were resuspended in 400 pl of ice-cold 50 mM Tris

Table 1

Effect of the presence or absence of ssminal plasma on pre-freeze sperm motion parameters.
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buffer (pH adjusted at 7.4) containing 150 mM NaCl 1% (v:v) Nonidet,
0.5% (w/v) sodium deoxycolate, 1 mM benzamidine, 10 pg/mL leu-
peptin, 0.5 mM phenylmethylsulfonyl fluoride (PMSF) and 1 mM so-
dium orthovanadate (Na;V0;). Spermatozoa were subsequently
homogenised through sonication (lkasonic US0 sonicator, lka La-
bortechnick; Staufen, Germany). The homogenates were centrifuged at
B850 xg at 4 °C for 20 min, and resultant supernatants and the upper
layer of the pellet were removed before resuspended in 500 pl of PBS,

Thereafter, the levels of free-cysteine residues in sperm nucleopro-
teins were determined in the samples obtained by using the 2,2°-di-
thiodipyridine technique (2,2"-dipyridyl disulphide; Sigma; Saint Louis,
USA) as described by Brocklehurst et al. (1979). This was determined
by adding 10-pL of the resuspension to 990 pl of an aqueous solution of
0.4 mM 2,2"-dithiodipyridine. The mixture was incubated at 37 °C for
1 h. Afterwards, levels of free-cysteine residues in sperm nucleoproteins
were determined through spectrophotometric analysis at a wavelength
of 343 nm. The results obtained were then normalised through a par-
allel determination of total protein content of each sample through the
Bradford technique (Bradford, 1976), after applying a commercial kit
(BioRad; Hercules, CA, USA).

2.6. Swmtistical analysis

All statistical analyses were performed using the statistical package
SPSS 20 and results were expressed as the mean * S.EM. The ex-
periment was replicated six times (n = 6). Percentage data were arc
sine transformed and analysed with ANOVA, and differences between
means were determined using Duncan multiple tests. This was done to
compare the various parameters across the incubation period. The in-
dependent sample t test was used to test for sperm parameters between
treatments. The level of significance was set at P < 0.05.

3. Results

Once established that there was no significant difference
(P = 0.05) between males used in this study, and that days of collec-
tion or replicates had no effect on the variables, the mean percentage of
the five rams on each day was established and analysed. Results for
CASA analysis are summarised in Tables 1 and 2. Results for pre-freeze
samples on motion kinematics parameters are shown in Table 1. This
was evaluated as regards having a clearer understanding on sperm
motion parameters just before freezing between the treatments. There
were no significant differences (P > 0.05) on almost all the sperm
motion kinematic parameters studied except on TM, in which un-
washed sperm was significantly higher (P < 0.05) than washed sperm
(Table 1). Also, results immediately after thawing showed no significant
difference between treatment on mean percentage values of TM, PM,
VCL, ALH and BCF parameters (Table 2). However, the effect of treat-
ment was observed (P < 0.05) on mean values of VSL, VAP, LIN and
STR with unwashed sperm having higher values between treatments
(Table 2). After 4 h pot-thawing incubation, no effect was seen on PM,
VCL, VAP, STR, ALH and BCF mean values, regardless of treatment.
Also, no effect was seen for unwashed sperm on TM, and LIN for washed
sperm after 4 h. However, there was a significant decrease (P < 0.05)
on LIN for unwashed sperm and also TM for washed sperm after 4 h

Treatment ™ (%) PM (%) WVCL (pmy/'s) V5L {pomi's) VAP (gm/s) LIN (%) STH (%) ALH (gm s} BCF (Hz)
uw 5563 = 4770 2553 £ 219 5697 = 320 17.54 = 140 2555 = L&4 34.30 £ 190 60.95 = 200 200 £ 013 5680 = 0.30
w 4667 = 355 2133 £ 178 5184 = 1.41 15.56 = 0.58 I7.34 = 083 33.56 = 115 5B.00 = 187 271 = 008 592 = 0.30

UW: unwashed sperm; W: washed sperm; TM: total motility; PM: progressive motility; VCL: Curvilinear velocity; VEL: Linear velocity; VAP: Mean velocity; LIN: Linear coefficient; STR:
Straightness coefficient; ALH: Lateral head displacement; BCF: Beat cmoss frequency. Data are shown as mean + SE.M. Different letters in the column indicates significant difference

(P = 0.05) between treatments.
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Table 2
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Effect of 4 h thermal evaluation test on post-thawed sperm motion parameters frozen in the presence or absence of seminal plasma.

Time  TM (%) PM (%) VCL (my's) VSL (m/s) VAP (umys) LIN (%) STR. (%) ALH (pmy/s) BCF (Hz)

0h

uw 4033 + 228" 1953+ 116 BL.63 = 4.04 3370 = 280" 540 = 310" 4212 = 151" 6071 = 15" 328 = 013 538 = 0.20
i 3630 = 1.72* 1633 = 158 71.62 = 372 2117 = 150 3578 = LEF 3028 + 184 5303 = 233° 323 = 014 550 = 0.28

4h

uw 3870 & 208" 1667 = 003  B4.31 = 431 3017 £ 240° 4033 = 348" 3530 & 155 5623 = 128" 367 = 015 612 £ 0.3

w 3087 £ 261° 1473 = 124 7433 £ 391 2220 £ 176" 3037 £ 235 3318 + 227 5187 = 250 333 £ 017 567 + 0.38

UW: unwashed sperm; W: washad sperm; TM: total motlity; PM: progressive motility; VCL: Curvilinear velocity; VSL: Linear velodity; VAP: Mean velocity; LIN: Linear coefficient; STR:
Straightmess coefficient; ALH: Lateral head displacement; BCF: Beat cmoss frequency. Data are shown as mean £ SE.M Different letters in the column indicates significant difference

(P = 0.05) between treatments or incubation time.

Table 3

Effect of 4 h thermal evaluation test on post-thawed sperm physiology frozen in the presence or absence of seminal plasma.

Time Viability (%) % Viable cells with intact acrosome % Viable celk with intact acrosome % Viable cells with damage Total acmosome ROS (GMFI)
and active mitochondria and inactive mitochondia acresome and active mitochondria  damage (%)

0h

uw 2583 = 1.25 2401 = 038" 052 + 0.17" 040 = 021 3630 £ 265 1860 = 7.03
v 2447 & 119 2266 = 049" 0.38 = 012" 0.56 = 039 3497 = 198 1406 = 1.66

4h

UwW 2313 £ 0.74 1647 = 370 593 £ 0.72* 0.40 = D42 3910 = 212 1L20 £ 0.75

W 2163 = 0.B6 1635 = 331" 451 = 0.30% 0.3 = 032 3617 = 1495 1078 = 1.41

UW: unwashed sperm; W: washed sperm. ROS: reactive oxygen species; GMFI: geometric mean fluorescence intensity of viable spermatozoa with high intracellular Hx0x levels. Data are

post-thawing incubation (Table 2).

Flow cytometry results on the interaction between treatments and
after 4 h post-thawing incubation on viable sperm populations are
presented in Table 3. While viability and mitochondria status being
good indicators of the overall integrity of sperm, there was no sig-
nificant difference (P > 0.05) on the viability and other sperm popu-
lations immediately after thawing, imrespective of treatment. Similarly,
the variable related to oxidative stress (ROS) showed no difference
between treatments. However, after 4 h of incubation, we observed a
significant decrease (P < 0.05) on the mean percentage of viable cells
with intact acrosome and active mitochondra irrespective of treat-
ments (Table 3). Also, there was a significant negative effect of post-
thawing incubation on mitochondria functionality regardless of treat-
ment. Nonetheless, mean percentage of viable cells with damage ac-
rosome and active mitochondria, total acrosome damage and ROS were
not affected either by treatment or incubation time.

Analysis of free cysteine radicals in sperm nucleoproteins at freeze-
thawing showed no significant difference (P > 0.05) in the mean le-
vels of cysteine residues in sperm nudeoproteins between treatments
(unwashed and washed sperm) immediately after post thawing
(0.47 = 0.05and 0.49 % 0.03 nmol/pg protien) and or at 4 h post-
thawing incubation (.59 + 0.07 and 0.56 * 0.04 nmol/pg protien).
Furthermore, incubation time had no significant effect the sperm cy-
steine residues regardless of treatment.

4. Discussion

The importance of establishing genetic resource banks of frozen
semen from rare breeds is steadily being acknowledged, particularly for
its potential towards environmental changes and utilization for Al
(Holt, 1997; Yoshida, 2000). Nevertheless, preserving sperm quality
after thawing for a longer period especially when subjected to thermo-
evaluation test at 37 Cis a crucial aspect for fertilization processes (Bag
et al., 2004). In the present study, an attempt was made to understand
whether the presence or absence of seminal plasma prior to cryopre-
servation would exert any changes on post-thaw sperm quality and after
4 h of post-thawing incubation.

Results on the analysis of motility kinemartics on pre-freeze sperm

shown as mean = 5 E.M Different letters in the column indicates significant difference (P < 0.05) between treatments or incubation time.

showed that the removal of seminal plasma by centrifugation (washed
sperm ) significantly reduced the percentage of total motility (TM%) of
sperm compared with sperm with seminal plasma (unwashed sperm).
However, other pre-freeze sperm kinematics parameters were not af-
fected between the treatments. This result agrees with other reports on
pre-freeze sperm motility in goats (Leboeuf et al, 2000), in stallion
(Hoogewijs et al., 2010) and in ram (Ahmed et al., 2016). Nonetheless,
analysis on post thawed samples showed that unwashed sperm gen-
erally had higher values in all sperm kinematic motility with significant
differences between treatments on VSL, VAP, LIN and STR motility
parameters. Our results agree with other works on the importance of
seminal plasma during ram sperm cryopreservation (Bamics et al.,
2000; 2005), suggesting that seminal plasma seems to increase sperm
resistance to cold shock thereby preserving motility and viability of ram
thawed sperm. However, a previous study by our group demonstrated
that sperm washing by centrifugation provided a beneficial effect on
ram sperm kinematic parameters after thawing Garcia, (2014). A pos-
sible explanation for this discrepancy may be age related due to the fact
that males used in the previous study were much younger (1-2years)
than males in the present study (5 years), and seems that the beneficial
effect of seminal plasma may be evident in older males than younger
ones (Mandiki et al., 1998; Maxwell et al., 1999). Furthermore, analysis
of sperm kinematics after 4 h post-thawing incubation showed that
sperm motility was negatively affected irrespective of the treatments.
Despite this general negative effect on sperm motility, unwashed sperm
had better kinematic parameters than washed sperm with significant
differences on TM, VSL and VAP motility parameters. We suggest that
the presence of seminal plasma proteins in the unwashed sperm may
have had a beneficial effect in maintaining sperm motility (Turner,
2005). However, in the present study regarding post-thawing incuba-
tion effect on kinematic parameters, a significant decrease on sperm
linearity (LIN) for unwashed sperm and total motility (TM) for washed
sperm was observed. This observation agrees with similar results on
motility during post-thawing incubation for ram sperm (Bag et al.,
2004; Joshi et al., 2005), suggesting a gradual decrease in the ability of
sperm to generate ATP from mitochondral respiration due to mi-
tochondrial ageing (Viswanath and Shannon, 1997). Another explana-
tion could be as a result of dead cells releasing toxic effect of
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membrane-bound aromatic amino acid oxidase enzyme thereby causing
a decline in the motility of spermatozoa (Shannon and Curson, 1972).

Cryopreservation process has been reported to induce various forms
of changes in sperm function such as loss of membrane permeability,
sperm structural damage, reduced enzyme activity, viability and mo-
tility (Thundathil et al., 1999). Furthermore, the deterioration of sperm
viability during post-thaw incubation as a result of freezing and
thawing depends on factors such as the nature and components used as
diluents during freezing (Fiser and Fairfull, 1989), or thawing (Holt and
North, 1994). Therefore, the degree of damage during freezing and
thawing will be exposed during incubation and ultimately determines
the life span of frozen-thawed spermatozoa in the female genital tract.
In this study, we observed no effect between treatments either im-
mediately after post-thaw or after 4 h of incubation on the various
sperm populations analysed by flow cytometry. The only changes ob-
served was the adverse effect of the themmal incubation showing an
increase on viable cells with intact acrosome and inactive mitochon-
dria, irrespective of treatments. This finding is in agreement with other
researchers demonstrating a decline of acrosome integrity and mi-
tochondria functionality from prolonged incubation (Bag et al. 2004;
Joshi et al, 2005). We suggest that the decrease in mitochondrial
functionality further elucidated the decline in sperm motility during
post thawing incubation due to mitochondrial ageing.

Regarding sperm nucleoprotein integrity, studies have demon-
strated that oxidative stress caused by csmotic disturbances induces
changes between nucleoproteins and DNA bonding by affecting the
strength of disulfide bonds, ultimately destabilising nucleoprotein in-
tegrity (Yang et al, 2007; Flores et al, 2011), Furthermore, the
weakening and disruption of disulfide bonds due to oxidative stress
during cryopreservation, freeze-thawing or post-thawing incubation
has been reported to cause damages in boar sperm nucleoprotein
structure (Oganesyan et al., 2007; Yeste et al, 2013). Therefore, to the
best of our knowledge, the inclusion of this methodology is the first
attempt to determine the sperm head free cysteine radicals as a direct
measure in the number of disulfide bonds in nucleoprotein-DNA
structure ram sperm. Our results showed no significant difference be-
tween treatments regardless of post thawing sperm incubation time.
However, although the determination on the level of free cystiene ra-
dicals was not done on fresh ejaculates prior to cryopreservation, we
hypothesis that ram sperm nuclecprotein may be cryotolerant as re-
gands its resistance to alteration in their structure during freeze-thawing
as observed from their low values in our result. Nonetheless, we can
only speculate about the significance of this structure bur further in-
vestigation is needed in order to elucidate the strength of this hypoth-
esis, as well as the consequences during the entire cryopreservation to
freezing-thawing processes and thermal stress for am sperm.

To this regard and in the present stdy, it seems that the presence of
seminal plasma prior to freezing was only beneficial in maintaining
sperm motility parameters, and such parameters have been considered
as an important factor in correlation with fertility (Budworth er al,,
1988, Aitken, 1990). Also, the lack of difference observed on mi-
tochondrial activity between sperm treatments may indicate that the
effect of seminal plasma is primarily on glycolysis metabolism of sperm
flagellum and not on mitochondrial oxidative phosphorylation
(Rovegno et al., 2013). Nevertheless, more studies are needed to de-
termine the relationship between mitochondrial status and seminal
plasma; however, the presence or absence of seminal plasma prior to
sperm preservation is still a controwversial topic (Muino-Blanco et al.,
2008). Therefore, from our result herein, further research should be
aimed at evaluating the importance of adding seminal plasma to frozen-
thawed sperm, especially to improve sperm kinematics towards ferti-
lizing the ovum for cervical AL

In conclusion, our result confirms that the presence of seminal
plasma prior to cryopreservation assisted in the maintenance of sperm
motility at post thaw and after a 4 h post-thawing incubation period.
Following this pattem, further investigation is needed to assess the

Emall Ruminant Research 155 (201 7) B1-86
fertilizing capability through artificial insemination.
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Abstract

This study was conducted to evaluate the effect of washing post-thawed sperm by
centrifugation and incubating with seminal plasma (SP) obtained via electroejaculation
(during non-breeding and breeding season) and, via artificial vagina (AV) (breeding season)
for up to 90 min. The aim being that exposing these frozen-thawed sperm treatments to a
thermal resistance test will provide useful information on their survivability over a period of
time. Briefly, frozen-thawed semen from 5 males (5 years old) collected by AV, and split into
two samples. One sample was diluted (1:5) in Tris-citric acid-glucose (TCG) solution and
washed twice by centrifugation at 600 x g for 10 min, while the other sample was kept
unwashed. Each sample was further split into four treatment groups and supplemented with
20% of the various seminal plasma source and PBS (control), and incubated at 37°C for up to
90min. Sperm kinematics were evaluated by CASA while plasma membrane integrity,
acrosome integrity and mitochondria activity were analysed by flow cytometry at 0, 45 and
90 min of post-thawing incubation period. Sperm kinematics immediately after thawing
showed that the addition of SP regardless its source on cyropreserved sperm (washed and
unwashed) improved motility when compared with their controls. Sperm motility was
generally affected by the incubation period. No difference was observed amongst treatment
groups with SP on all sperm function parameters evaluated by flow cytometry immediately
after thawing except on acrosome integrity and mitochondria functionality for washed sperm
(+PBS/Control). This study demonstrates that supplementing frozen-thawed sperm with SP
irrespective of its source was beneficial in maintaining sperm quality during a post-thawing
incubation period. Furthermore, there was no identifiable beneficial effect of the different SP

sources on sperm quality.

Introduction

In the ram, it is well known that cryopreservation process causes series of detrimental
alterations in sperm functions such as in viability, motion characteristics, mitochondrial
membrane potential, increase in reactive oxygen species (ROS) production and chromatin
damages (Holt and North, 1994; Bailey et al., 2003; Said et al., 2010). Furthermore, an
important aspect of cryo alteration is the untimely initiation of a capacitation-like process,
also referred to as cryocapacitation (Bailey et al., 2003). All these alterations may result to
less survival of cryopreserved sperm in the female genital tract thus reducing its capability to
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fertilize the ovum after cervical insemination (Dominguez-Rebolledo et al., 2009; Mata-
Campuzano et al., 2012). Therefore, the evaluation and maintenance of frozen-thawed sperm
characteristics over an extended period of time at 37°C (thermo-resistance test) is paramount,
and gives a better indication towards achieving high fertility rates (Bag et al., 2004).
However, several researchers on different species have reported that the longevity of frozen-
thawed sperm during in vitro incubation is low due to various alterations in sperm membrane
during cryopreservation (Gadea et al., 2005; Dominguez-Rebolledo et al., 2009; Mata-
Campuzano et al., 2012). In spite of this, attempts to improve the quality of frozen-thawed
semen in various species have been demonstrated; one such method is the addition of SP to
frozen-thawed sperm (Ledesma et al., 2016). Despite studies reporting that adding SP after
thawing reversed freeze—thaw effect on sperm, improved sperm resistance to thermal shock,
increase sperm motility and its ability to migrate through the cervical mucus (Rebolledo et
al., 2007; Rickard et al., 2014), others have demonstrated detrimental (Maxwell et al., 2007;
Rovegno et al., 2013) or no effect (Morrier et al., 2003). These inconsistencies may be due to
the complexity and variance of seminal plasma amongst species (Mandiki et al., 1998), donor
age (Muifio-Blanco et al., 2008), seasons (Leahy et al., 2010) and or method of collection
(Ledesma et al., 2014).

Furthermore, seasonal effect on SP protein profile and function on sperm has also been
reported, showing better results from a breeding season when compared to a non-breeding
season (Dominguez et al., 2008). Nevertheless, the role of SP remains a controversial topic
and still a matter of speculation. Therefore, taking the beneficial role of SP factors into
consideration, the present work is aimed at evaluating the effect of adding autologous whole
SP collected via electroejaculation (breeding and non-breeding season) and artificial vagina
(breeding season) on post-thawed washed and unwashed ram sperm quality. Furthermore, we
tested the resilience of these frozen-thawed sperm treatments during a 90 minutes incubation
period at 37°C.

Materials and Methods

Reagents and Media

Unless otherwise stated, all reagents were acquired from Sigma Chemical Co. (St. Louis, Mo,
USA). Fluorescence probes and analysis kits (LIVE/DEAD® sperm viability kit (L-7011;
SYBR-14 and PI) and Mitotracker deep red (M22426) were purchased from Invitrogen
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(Barcelona, Spain). All fluorochrome solutions were kept in the dark at -20°C. The freezing
extender was prepared in our laboratory using powdered egg yolk as described by Palomo et
al., (2017) obtained from NIVE (Nunspeet Holland Eiproducten). Incubation media used in
this study was a modified phosphate buffer solution (PBS) (supplemented with 36ug/ml
pyruvate and 0.5mg/ml BSA) with osmolarity of 280-300 mOsm and pH 7.3-7.4.

Animals and sample collection

Five adult male rams of Aranesa breeds (aged 5 years) were used in this study. They were
maintained under an intensive management system in the Institut de Recerca i Tecnologia
Agroalimentaria (IRTA) farm, Caldes de Montbui, Barcelona, Spain, where semen collection
and initial assessment was carried out. Semen was collected twice weekly with two ejaculates
per collection from each male via artificial vagina with a total of six replications. Prior to
collection, the preputial hairs were shaved and the orifice was washed with clean water and
dried to prevent contamination of samples. All ejaculates were collected during the breeding
season and maintained in water bath at 37°C following initial analysis. Volume, mass
motility, progressive motility, sperm concentration and morphology were assessed
immediately after collection through conventional methods. Only ejaculates of good quality
were used and frozen (mass motility: > 4; sperm concentration: > 2500 x 10° sperm/mL.:

normal sperm morphology > 70%).

Cryopreservation of semen

The basic extender used in this study was Tris (hydroxymethyl-aminoethane)-citric acid-
glucose (TCG) solution as defined by Salamon and Maxwell (2000), consisting of Tris
(0.3M), citric acid anhydrous (94.7 mM), and D(+)-glucose (27.75 mM). This solution was
adjusted to a pH of 7.25 + 0.05 and osmolarity 333 + 2.80 mOsm. Thereafter, glycerol (5%
v/v, final concentration) and antibiotics (1000 Ul/mL sodium penicillin and 1mg/mL
streptomycin sulfate) were added to the solution having a final pH 7.0-7.17 and 1327 + 234
mOsm. Powdered egg yolk (PEY) was then added to a final concentration of 15% as
described by Palomo et al., (2017). The first and second ejaculates from each male were
mixed together following no differences in the semen characteristics, and diluted with the
freezing extender (1:4). All extended samples were held for equilibration for 4 hours at 5°C.
After cooling for 4 hours, the extended semen was packed into 0.25mL plastic straws (IMV

Technologies, L’Aigle, Cedex, France) at a final concentration of 400 x 10° sperm/mL and
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sealed with polyvinyl alcohol. All straws were kept in liquid nitrogen vapor (5cm above the

nitrogen level) for 10 minutes before been plunged into the liquid nitrogen and stored.
Seminal plasma collection and preparation

Seminal plasma recovery was done using two methods; electroejaculation (EE) and artificial
vagina (AV). Seminal plasma was obtained via EE during the breeding season (B) and non-
breeding season (NB) while via AV was during the breeding season (B). All seminal plasma
used as diluents was obtained from the same males used in this study. Preparation of SP was
similar for both methods of collection (EE and AV). Briefly, an aliquot of fresh semen was
centrifuged at 5,000 x g for 10 min at 5°C. The supernatant was collected and centrifuged
again at 5,000 x g for 10 min at 5°C to remove the remaining sperm and cell debris.
Thereafter, the clear supernatant (SP) from each male was recovered, pooled and freeze dried

in liquid nitrogen before stored at -80°C until used.
Sperm incubation with seminal plasma

This was carried out to verify the longevity and quality of frozen-thawed treated sperm
samples incubated with the various SP sources. Two straws per replicate (n=6) from five
males were thawed, pooled and divided into two samples. One sample was washed twice by
dilution (1:5) in TGC by centrifugation at 600 X g for 10 min to remove the SP/extender
leaving the resulting sediment while the other sample was kept unwashed. Thereafter, each
sample (washed and unwashed) were diluted in the modified PBS to 40 x 10° sperm/mL and
divided into four aliquots. Furthermore, the various SP samples were thawed and added to
their respective sperm aliquots to a final concentration of 20%. The following eight

treatments were established:

e Washed sperm + SP collected by EE (Non-breeding season)

e Washed sperm + SP collected by EE (Breeding season)

e Washed sperm + SP collected by AV (Breeding season)

e Washed sperm + PBS (Control)

e Unwashed sperm+ SP collected by EE (Non-breeding season)
e Unwashed sperm + SP collected by EE (Breeding season)

e Unwashed sperm + SP collected by AV (Breeding season)

e Unwashed sperm + PBS (Control)
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All aliquots were then incubated at 37°C in a dry bath in the dark. Evaluation on all post

thawed parameters in this study was assessed after thawing at 0, 45 and 90 min of incubation.

Semen evaluation

Motility assessment by CASA

Motion characteristics of various post-thawed sperm treatments samples were assessed at
0, 45 and 90 min of incubation using the computer-assisted sperm analysis (CASA) system
ISAS® (PROISER SL., Valencia, Spain). On analysis, all sperm samples were diluted (1:10)
in PBS, and 5pl drop of sperm suspension was placed on a slide and covered with a cover-
slip (24x24mm). Sperm motility was assessed at 37°C at x200 magnification using a phase
contrast microscope (Olympus BH-2, Japan). For each treated sample, more than three fields

per drop were analyzed and a minimum of 200 spermatozoa evaluated.

The percentage of total motility (TM), progressive motility (PM), curvilinear velocity
(VCL, pm/s), linear velocity (VSL, pum/s), mean velocity (VAP, um/s), linearity coefficient
(LIN= [VSL/VCL]x100, %), straightness coefficient (STR= [VSL/VAP]x100, %), lateral
head displacement (ALH, um) and beat cross frequency (BCF, Hz) were evaluated. The
settings used for the sperm image analyses were as follows: number of images (25/s), optical
(Ph-), scale (20xOlympus), particle area (>3 a <70 micras?), slow sperm (10-45 micras/s),
average sperm (45-75 micras/s), rapid sperm (>75 micras/s), progressive (80% STR). All
diluents and materials used for sperm analysis were maintained at 37°C.

Flow cytometry analysis

Flow cytometry was performed using the BD FACSCanto platform (BD Biosciences, USA),
and data were analyzed by BD FACS DIVA software (BD Biosciences, USA). Plasma and
acrosomal membrane integrity as well as mitochondrial function were evaluated by flow
cytometry using a quadruple-staining technique as described by Tabarez et al., (2017). The
following fluorescent probes were used: LIVE/DEAD® sperm viability kit (SYBR-14 and
Propidium lodide (PI; L-7011, Invitrogen SA)) for plasma membrane integrity (viability),
Phycoerythrin-Peanut Agglutinin (PE-PNA; GTX01509, Antibody, Bcn SL) for acrosome
integrity and Mitotracker deep red (M22426, SA Invitrogen) for the detection of
mitochondrial activity.
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This analysis was done using a final concentration of 1 nM of SYBR-14 (diluted in DMSO),
1.5 uM of PI, 2.5 ug/mL PE-PNA (1 mg/mL of stock solution in a buffer composed of 3.0 M
ammonium sulfate, 50 mM sodium phosphate and 0.05% sodium azide, pH 7.0 containing 1
mM [Ca2 + ] and [Mn2 + ] ions) and 1.5 nM of Mitotracker deep red (diluted in DMSQO) with
each treated sperm sample diluted in PBS to a final concentration of 1 x10%sperm/mL.
Samples were mixed and incubated at 37 °C for 10 min and then remixed just before analysis.
Stained sperm suspensions were subsequently ran through the flow cytometer. Fluorescent
probes SYBR-14, PE-PNA and Pl were excited in the flow cytometer using a 488-nm blue
solid-state laser while the Mitotracker deep red was excited using a 633-nm He/Ne excitation

laser.

After evaluation, sperm populations taken into consideration for this study were sperm
viability (total alive sperm cells), viable cells with intact acrosome and active mitochondria
(SYBR14+/ IP-/PE-PNA-/Mitotracker +), viable cells with damaged acrosome and active
mitochondria (SYBR14+/IP-/PE-PNA+/Mitotracker +) and viable cells with intact acrosome
and inactive mitochondria (SYBR14"/IP/ PE-PNA-/Mitotracker’). Also, the total acrosome
damage was recorded.

Statistical analysis

Statistical analysis was performed using the statistical package SPSS 20 and results were
expressed as the mean + S.E.M. The data obtained from the analysis of all sperm parameters
were subjected to tests of normality and homoscedasticity Shapiro-Wilk and Levene,
respectively. Where necessary, data were arc sine transformed. Sperm parameters were
compared by ANOVA, and differences between means were determined using Duncan

multiple tests. Data were considered as statistically significance at P<0.05.
Results

Once established that there was no significant difference (P >0.05) between days of
collection and males on the studied parameters, a mean percentage for each sperm treatment
was established and analysed. Results for CASA analysis are summarised in Table 4.1.
Sperm kinematic parameters varied considerably across various treatments and incubation
time in this study. Analysis immediately after thawing (O min) showed that the addition of SP
regardless the source on washed and unwashed sperm had a significant effect (P < 0.05) on
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TM percentages when compared with the controls. However, no difference was observed on

PM regardless the sperm (washed or unwashed) or the addition of the various sources of SP.

A significant difference was observed for VCL, VAP, LIN, STR, ALH and BCF
percentages in all sperm with SP addition when compared with the control for washed sperm
(without any SP). There was no significant difference between washed and unwashed sperm
controls (+PBS) on percentage values of TM, VAP, VSL, LIN, STR, ALH and BCF
immediately after thawing (Table 4.1). Furthermore, after 90 min of incubation, there was a
negative effect on washed and unwashed sperm incubated with SP obtained via EE in the
non-breeding season for VCL, VSL, VAP, ALH and only on BCF percentage values in
washed sperm. Incubation time also had an effect on TM and PM (washed sperm) and on
STR percentage values (unwashed sperm) incubated with SP collected via AV during the
breeding season. Nonetheless, the highest percentages on TM and PM values after 90 min of
incubation was observed on unwashed sperm incubated with SP obtained via EE (breeding

season) while the lowest was seen in washed sperm incubated in PBS (control).

Flow cytometry analysis on the effect of the various sources of SP additions on post-
thawed sperm (washed and unwashed) and incubation on sperm physiological parameters is
presented in Table 4.2. While plasma membrane integrity and mitochondria status being
good indicators of the overall integrity of sperm, there was no significant difference (P >
0.05) on the viability and percentage of viable cells with intact acrosome and active
mitochondria immediately after thawing (0 min), irrespective of treatments. However,
percentage of viable cells with intact acrosome and inactive mitochondria was significantly
higher (P < 0.05) in washed sperm (+PBS/Control) when compared to sperm treatments for
washed incubated with SP via EE (non-breeding season) and unwashed sperm incubated with

SP via EE (non-breeding season) and SP via EE and AV (breeding season).

Furthermore, there was a significant increase (P < 0.05) in the percentage of viable cells
with damaged acrosome and high mitochondria activity on washed sperm (+PBS/Control)
when compared to the other sperm treatments, immediately after thawing (Table 4.2). In this
study, we considered this sperm population as “cryocapacitated” sperm. Also, a significant
increase was observed on the total acrosome damage for washed sperm (+PBS/Control)
compared to the other sperm treatments. As regards the effect of incubation time within each
sperm treatment, there was no statistical difference observed on viability as well as on viable

cells with intact acrosome and active mitochondria except for washed sperm (+PBS/Control)
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which had low values after 90 min of incubation. Also, no significant effect of incubation
time on the total acrosome damage was noted on the various sperm treatments except for
washed sperm (+PBS/Control). However, incubation effect was seen on the percentages of
viable cells with intact acrosome and inactive mitochondria as well as on damaged acrosome

with active mitochondria irrespective of sperm treatments (Table 2).
Discussion

Many studies have tested the effects of adding seminal plasma to frozen thawed sperm,
with variable results (EI-Rajj Ghaoui et al., 2007; Dominguez et al., 2008; Rovengo et al.,
2013). In this study, an attempt was made to analyse possible effects of adding whole seminal
plasma (20%) in respect to seasons and method of collection on thawed cyropreserved
washed (washing by centrifugation) and unwashed sperm. Furthermore, we evaluated
whether the presence or absence of these various seminal plasma sources would exert any
changes on sperm quality following a 90 minute incubation period at 37°C (thermo-resistance
test).

Results on sperm kinematics by CASA immediately after thawing showed that the
addition of seminal plasma regardless its source on cyropreserved sperm (washed and
unwashed) generally had a positive effect on sperm motility parameters when compared with
their controls. This was notably observed by the lower values in the various sperm controls
(+PBS). Our result agrees with a previous study demonstrating that the beneficial effect of
seminal plasma may be on sperm motility (Turner, 2005). Furthermore, analysis of sperm
kinematics after 45 and 90 min of post-thawing incubation (thermo-resistance test) showed
that motility was negatively affected irrespective of the treatments. Results herein agree with
various studies on sperm motility during post-thawing incubation (Bag et al., 2004; Joshi et
al., 2005). We suggest that the gradual decrease in motility could be as a result of dead cells
releasing toxic effect of membrane-bound aromatic amino acid oxidase enzyme thereby

causing a decline in the motility of spermatozoa (Shannon and Curson, 1972).

Nonetheless, there was no significant difference observed on total and progressive motility
parameters on sperm incubated with seminal plasma regardless its source. Our results
contradicts a similar work by Dominguez et al., (2008) who reported that seminal plasma
obtained during the breeding season improved motility, and this may be due to the low

molecular weight proteins and higher total protein content in seminal plasma obtained via EE
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(Ledesma et al., 2014). Although seminal plasma characteristics were not tested in this study,
we suggest that this inconsistency may be due to the complexity and variance of seminal
plasma amongst species (Mandiki et al., 1998). However, our result agrees with Morrier et al.,
(2003) who also found no effect. As regards to sperm qualitative function analysed by the
flow cytometry, cryopreservation process has been reported to induce changes in sperm
function such as loss of membrane permeability, sperm structural damage, reduced enzyme
activity, viability and motility (Thundathil et al. 1999). In this study, the addition of seminal
plasma immediately after thawing showed no statistical effect on viability and viable cells
with intact acrosome and active mitochondria, irrespective of the various sperm treatments.
The results herein contradict a previous work by Barrios et al., (2000), who demonstrated that
post-thaw dilution with seminal plasma concentration ranging from 20-50% restored sperm
plasma membrane integrity induced by cold shock. Nonetheless, the evident change in our
result with the beneficial presence of seminal plasma, irrespective the sperm treatment was
only observed on acrosome damage due to the significant differences seen in washed sperm

(control).

However, after 90 min of post-thawing incubation, the presence of seminal plasma
irrespective of treatments maintained sperm viability and viable cells with intact acrosome
and active mitochondria. The only changes observed in relation to the thermal incubation
period was in washed sperm incubated with PBS which showed a decrease in viability and
viable cells with intact acrosome and active mitochondria. Our result agrees with El-Rajj
Ghaoui et al., (2007) but contradicts a recent work by Rovegno et al., (2013) who reported an
increased apoptotic sperm cell rate after 60 min of incubation with seminal plasma. This
discrepancy may be due to fact that whole seminal plasma is a complex mixture of organic
and inorganic components, as well as proteins which has both positive and negative effects

(Perez-Pe et al., 2001) thus making results hardly conclusive.
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Table 4.1. Effect of addition of seminal plasma collected by electroejaculation or artificial vagina and incubation time (0, 45 and 90 min) on motility parameters of post-thaw (washed and unwashed) sperm

Washed sperm

Unwashed sperm

Parameter
(unit) +SP/EE-NB +SP/EE-B +SP/AV-B +PBS/Control +SP/EE-NB +SP/EE-B +SP/AV-B +PBS/Control

™ (%)

0 30.40 £2.17%® 37.20+3.12° 38.40 + 5.33" 26.40 + 3.27% 37.10 +6.28° 40.60 + 5.69° 34.60 + 6.97% 27.20 +5.63°

45 31.20 +1.88%® 28.80 +3.18%® 29.40 + 2.48%12 25.20 +2.22¢ 36.80 + 7.49° 28.80 + 8.58% 35.40 + 3.75° 28.40 + 7.86%

90 23.12 +£1.79%® 29.60 * 2.40% 27.40 + 1.89%2 20.60 + 1.36° 30.40 +8.21° 32.60 + 8.18° 30.20 +£2.13° 25.80 +£2.73%
PM (%)

0 23.20+1.22 22.00+1.95 23.40 £ 5541 17.40 £ 0.75 24.60 +4.95 25.00 +0.89 22.00+1.76 18.60 + 1.60

45 17.40 £ 1.19%® 20.80 +1.93%® 16.00 + 1.05%%2 12.00 £ 0.55% 22.00 +5.52° 21.80 +£5.21° 21.40 + 3.36° 15.00 + 1.98%

90 15.20 + 1.12%® 19.20 + 1.59% 15.00 + 1.41%2 11.80 £0.92% 19.20 + 2.94% 23.00+6.17° 18.60 + 2.60% 13.80 £ 1.59°
VCL (um/s)

0 77.46 £ 523 69.08 + 10.21° 78.22 +4.31° 52.36 + 13.99° 71.28 +13.25" 81.76 + 11.67° 7232 +17.33° 68.92 + 18.29°

45 56.42 + 4.88% 75.76 £ 9.21° 60.88 + 10.68° 37.08 +4.39° 87.02 +11.38°12 55.74 + 22.68%® 80.72 + 11.44° 59.10 + 18.71%®

90 20.78 +5.71% 82.50 + 7.67° 65.23 + 8.04° 40.58 + 6.31* 48.84 +18.35% 67.44 +18.93° 80.40 + 21.29° 74.48 + 18.04°
VSL (um/s)

0 30.56 + 3.40%* 30.90 + 6.14%® 38.90 + 7.85° 15.76 £ 7.16% 48.30 + 12.69™ 48.80 + 4.04° 2270 £6.72° 22.88 +7.91°

45 29.54 + 2,84 40.52 + 4.96° 26.26 + 6.89° 8.38 £ 1.20° 36.40 + 7.80™ 29.26 + 13.29° 39.66 + 6.23° 19.60 + 7.39%

90 18.50 + 3.20%2 40.88 + 3.20° 29.48 + 8.61° 9.48 £ 2.01* 19.64 + 8.09%2 40.74 +13.98° 32.72+8.17° 35.98 + 8.33°
VAP (um/s)

0 40.92 + 3.12" 44.16 + 8.05° 52.78 + 7.64™ 29.42 +10.85° 66.12 + 12.24°* 70.24 +7.39° 41.12 +9.66% 34.66 + 10.91%

45 38.22 + 3.40% 52.42 + 6.08° 36.74 + 8.53%® 1752 £ 1.79* 50.74 + 6.67°%2 37.32+16.12%® 53.02 +8.37° 30.62 + 10.87%

90 12.26 +3.91% 55.70 + 5.32¢ 40.82 +8.27™ 18.68 + 1.40% 27.90 + 10.42%2 48.00 + 16.00% 46.62 + 10.60* 49,52 + 12,25
LIN (%)

0 40.40+2.17° 40.66 + 3.28° 43.54 +6.10° 30.12 £ 4.21° 44.16 +8.15° 47.50 +2.822 41.70 +3.722 25.76 +9.32°

45 50.34 + 2.47% 49.58 + 3.27° 38.58 + 3.42% 27.26 + 1.38™ 42.18 + 3.94% 37.76 + 11.90° 47.82 +3.14° 21.50 +6.37¢

90 26.82 +2.92 4542 +1.43 43.16 +5.46 24.26 +4.43 29.84 +8.30 42.14 +12.27 41.36 + 6.09 4754 +8.77
STR (%)

0 69.08 + 2.63° 62.54 +2.32¢ 64.64 + 5.48° 50.58 + 3.85° 66.22 + 6.80° 67.38 £2.47° 57.64 + 2,53 43.40 + 14.44°

45 73.50 + 3.33* 72.00 £ 4,517 62.10 + 3.31° 47.78 +1.95° 67.10+5.73* 41.67 + 17.46° 71.26 + 1.75% 40.70 + 10.99°

90 40.90 + 3.61 64.98 +1.87 65.40 + 4.40 44.56 +5.92 48.88 +12.91 62.22 +16.22 64.00 + 3.472 66.56 +5.78
ALH (um/s)

0 3.18 +£0.19%! 2.98 +0.36% 3.16 £0.15%® 2.52+0.38° 4.38 +0.37" 422 +0.51° 3.28 +0.69% 3.30 £ 0.84®

45 2.58 £0.18! 2.96 £ 0.30 2.74+0.39 2.06 £ 0.20 3.62 £0.2912 2.30+0.82 3.52+0.36 2.70 £ 0.85

90 1.14 + 0.22% 3.34+0.31° 2.91+0.22% 2.42 +0.41® 2.18 +0.72%2 2.44 +0.67® 3.58 +£0.89° 3.14 £ 0.69°
BCF (Hz)

0 6.88 +0.39% 5.58 +0.31® 6.38 £ 0.75° 3.12+0.55° 7.56 +1.58° 7.00 £ 0.82° 5.20 + 0.59% 446 +1.19%

45 5.76 + 0.40%* 6.02 +0.59% 4.44 +0.71® 2.94 +0.25° 6.96 +1.03° 5.90 +1.73® 7.14 +0.73° 3.60 +£1.33°

90 1.84 + 0.49% 6.12 +0.67" 4.43 +0.64™ 2.58 +0.48% 5.18 +1.93*° 7.20 £ 2.26° 4.68 +1.39%¢ 3.98 + 0.86*°

SP: seminal plasma; EE: electroejaculation; AV: artificial vagina; NB: non-breeding season; B: breeding season; PBS: phosphate buffer saline; TM: total motility; PM: progressive motility; VCL: Curvilinear velocity;
VSL: Linear velocity; VAP: Mean velocity; LIN: Linear coefficient; STR: Straightness coefficient; ALH: Lateral head displacement; BCF: Beat cross frequency. Data are shown as mean + S.E.M. Different numbers
(1, 2) in the column within the same treatment indicates significant difference (P < 0.05) during incubation period. Different superscripts (a, b,c) for the same parameter across the same row indicate a significant
difference amongst treatments (P < 0.05).
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Table 4.2. Effect of addition of seminal plasma collected by electroejaculation or artificial vagina following incubation (0, 45 and 90 min) on quality parameters evaluated
by flow cytometry of post-thaw (washed and unwashed) sperm

Washed sperm Unwashed sperm

Parameter
(unit)
Time(min)  +SP/EE-NB +SP/EE-B +SP/AV-B +PBS/Control +SP/EE-NB +SP/EE-B +SP/AV-B +PBS/Control
Viability (%)
0 2150+1.71 21.75+2.56 21.75+1.25 20.79+ 0.85 24.25 +1.65 23.10+1.11 24.00 +1.16 22.00 +2.16
45 19.50 + 1.56 20.50 £ 0.87 20.25 +0.49 19.77 £ 2.38 2250 +£1.50 22.00 £0.58 22.50+0.29 21.25+1.11
90 18.75 +1.11% 21.50 £3.072 19.50 + 0.87% 16.31 + 1.55° 20.75 +£1.652 22.67 £1.192 20.50 +1.192 20.00 £ 2.042
% Viable cells
with intact 0 20.64 + 3.62 20.47 £1.45 20.56 +3.54 18.25 + 3.751 23.56 £4.95 22.21 +£3.89 23.09 +2.76 20.85 +6.60
acrosome and 45 15.73 £5.39 17.38+1.73 16.23 +3.05 12.11 + 1.55%2 18.33 £5.52 17.80 £5.21 19.18 £3.36 17.90 + 3.98
active 90 11.34+2.12 16.72 £1.52 15.55+2.31 6.40 + 0.922 15.75+2.94 16.95 +2.17 16.45 +2.64 12.85+1.59
mitochondria
% Viable cells
with intact 0 0.40 +0.13% 0.91 +0.718b1 0.86 + 0.4182b! 1.17 +£0.19" 0.15+0.11 0.46 +0.373 0.43 +0.13 0.83 +0.192bt
acrosome and 45 3.63 +1.18% 2.90 + 0.89% 3.89 +1.27% 6.28 + 2.59b2 4.02 +2.18%2 4,03 +1.63%2 3.20 +1.74% 3.25+1.71%
inactive 90 7.21 +3.9183 4.78 +1.37"2 371 +1.14b12 7.72 £0.37%2 4.87 +1.33m2 5.61 + 2.93ab2 3.87 + 1,292 7.01 +2.74%3
mitochondia
% Viable cells
with damage 0 0.41 +0.23% 0.34 +0.14% 0.31+0.11 1.35+0.17" 0.36 +0.193 0.35+0.14 0.46 +0.222 0.30 +0.012
acrosome and 45 0.10 + 0.01%2 0.21 +0.16% 0.10 + 0.0022 1.37 +0.20°12 0.13 +0.0032 0.10 + 0.10%2 0.11 +0.03%2 0.10 + 0.03%2
active 90 0.14 +0.13% 0.00 + 0.0022 0.10 + 0.0232 2.18 +£0.11b2 0.10 + 0.0032 0.10 + 0.0722 0.15+0.11%2 0.10 + 0.00%2
mitochondria
Total acrosome 0 42.00 +4.142 40.50 + 4.092 41.00 £ 3.672 60.25 + 9.181 39.00 £3.772 41.25 +3.572 44,67 +3.672 35.50 £ 4.672
damage (%) 45 45.00 +4.142 41,75 + 3,522 42.50 + 4,532 65.25 + 4,271 4150 +3.572 41.67 +4.912 44.25 + 2,592 38.25 £5.592
90 4450 + 6.402 42.25 +2.322 43.25 + 4,012 83.25 + 4.45 4375 +2.432 43.67+4.632 42.75 + 3.612 39.00 +5.432

SP: seminal plasma; EE: electroejaculation; AV: artificial vagina; NB: non-breeding season; B: breeding season; PBS: phosphate buffer saline. Data are shown as mean + S.E.M. Different
numbers (1, 2, 3) in the column within the same treatment indicates significant difference (P < 0.05) during incubation period. Different superscripts (a, b, ¢) for the same parameter within each
incubation time across the same row indicate a significant difference amongst treatments (P < 0.05).
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As regards mitochondria activity, our results showed that the presence of seminal plasma
regardless the sperm treatments after thawing, assisted in maintaining mitochondrial
functionality up to 45 min of incubation. This is evidenced by the significant difference in the
percentage of viable sperm with intact acrosome and inactive mitochondria observed in only
washed sperm (+PBS) after 45 min of incubation. The major changes observed was the
adverse effect thermal incubation time which showed an increase on viable cells with intact
acrosome and inactive mitochondria, irrespective of treatments. This finding is in agreement
with other researchers demonstrating a decline in mitochondria functionality from prolonged
incubation (Joshi et al., 2005). We suggest that the decrease in mitochondrial functionality
during post thawing incubation may be as a result of the inability of sperm to generate ATP

from mitochondrial respiration due to mitochondrial ageing (Viswanath and Shannon, 1997).

Regarding capacitation, it has been hypothesised that freeze/thawing procedure may
increase the proportion of capacitated and acrosome reacted sperm (Maxwell and Watson,
1996). In the present study, there was no effect amongst treatments with seminal plasma on
sperm capacitation irrespective of incubation time except for washed sperm (+PBS). This
suggests that the presence of seminal plasma has the ability to delay capacitation-like changes
and acrosome reaction. Also, the low values observed on various sperm with seminal plasma
throughout course of post-thawing incubation agrees with a previous study demonstrating
that seminal plasma has some decapacitating proteins that suppress capacitation and
acrosome reaction (El-Rajj Ghaoui et al., 2007). This further explains the significant
difference observed on total acrosome damage between all sperm samples with seminal
plasma when with washed sperm incubated with only PBS, irrespective of the incubation

period.

To this regard, it seems that the presence of seminal plasma was generally beneficial in
maintaining sperm motility and regulating sperm functions during a prolong incubation time
in respect to sperm without seminal plasma (washed sperm +PBS). Furthermore, the lack of a
clear distinctive difference from other sources of seminal plasma on sperm quality was
interesting. This may be due to the low amount of seminal plasma added (20%), however,
conflicting studies still abounds on concentration of seminal plasma inclusion in improving
sperm quality (Maxwell et al., 2007). Another explanation to the lack of difference may be
attributed to pooled effect on seminal plasma used in this study which may have eliminated
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the individual variation on seminal plasma quality of different males (Muifio-Blanco et al.,
2008).

Moreso, under the condition of this study, the addition of seminal plasma irrespective of
its source to washed frozen-thawed sperm did not improve sperm quality when compared to
the unwashed sperm. We suggest that washing by centrifugation is not necessary and may
only cause loss or damage of sperm as well as other vital components of seminal plasma or
extender which helps in maintaining sperm quality (Azeredo et al., 2001). Nevertheless, we
can only speculate about the physiological significance of seminal plasma but further
investigation is needed in order to determine, quantify and purify seminal plasma based on
individual male characteristics in relation to its beneficial effect towards improving sperm

quality for cervical insemination.

In conclusion, our result confirms that supplementing frozen-thawed sperm with seminal
plasma maintained sperm functions and motility characteristics during a post-thawing
incubation period. Furthermore, there was no beneficial effect of washing by centrifugation
or removal of freezing component or seminal plasma after thawing. Following this pattern,
further investigation is needed to assess the fertilizing capability through artificial

insemination.
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The importance of establishing genetic resource banks of frozen semen for endangered
breeds is steadily being acknowledged, particularly for its potential towards environmental
changes and utilization for Al (Yoshida, 2000). Therefore, the main aim- being the
establishment of a semen bank for endangered native Catalonian breed of rams (Aranesa and
Xisqueta) towards its successful for Al. To this regards, various cryopreservation
protocols/techniques towards improving the quality of both fresh and frozen-thawed sperm
were attempted. This includes the evaluation of melatonin implantation during a non-
breeding season on chilled liquid stored semen, the efficacy of collection methods
(electroejaculation vs. artificial vagina) on the froozen-thawed sperm quality and various
sperm treatments prior to cryopreservation (sperm washing) or during post-thawing (addition
of different seminal plasma sources). Therefore, to fully address this topic, sperm motility
was evaluated through conventional methods as well as objectively, by using CASA which
provides precise and accurate information on sperm kinematics (Gravance and Davis, 1995).
In addition, qualitative or functional characteristics of the sperm were analyzed using the
flow cytometry, which further provides a more accurate prediction on sperm functionality
(Graham, 2001; Gillan et al., 2005). Furthermore, an attempt was made to evaluate the sperm
nucleoprotein integrity by determining the sperm head free cysteine radicals as a direct
measure in the number of disulfide bonds in nucleoprotein-DNA structure. This technique
was adopted from a published work on the determination of free cysteine radicals in boar
sperm nucleoproteins (Flores et al., 2011). Therefore, with the abovementioned reasons, a
wealth of information on the qualitative characteristics and predicting the fertilizing capacity

of the sperm may be achieved before its use for artificial insemination.

Due to the improvement in sperm cryobanking, storage of semen in liquid nitrogen has
become a standard in developed countries but where access to facilities for modern
cryobanking is not readily available, the need for an alternative approach for sperm quality
maintenance is necessary. However, the use of refrigerated extended semen seems to be an
alternative, either for transporting sperm to freezing facilities or for artificial insemination
(Karagiannidis et al., 2000). Therefore, in this thesis, we evaluated the sperm qualitative
characteristics as regards to the influence of season and melatonin implantation during a
prolonged chilled liquid storage, the quality of post-thawed sperm collected via different
methods (electroejaculation and artificial vagina) as well as post-thawed sperm quality of
different sperm treatments prior to and after cryopreservation using routine objective analysis

techniques such as CASA and flow cytometry. Thus, the aim of this PhD thesis is to further
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provide more information as regards Aranesa and Xisqueta ram sperm processes and quality

during and after cryopreservation before testing its usefulness for further application.

In this thesis, we evaluated the seasonal effect and melatonin implantation on chilled
liquid stored sperm. Our results showed that melatonin implantation to semen donors during a
non-breeding season generally reversed seasonal effect and maintained sperm parameters
during chilled liquid storage. This was achieved by directly comparing sperm parameters
from ram sperm donors’ in a non-breeding season (melatonin treated and untreated), and with
sperm donors in a breeding season. Analysis on various semen parameters from fresh
ejaculates varied considerably among the three sperm donor groups. In this study, it was
evident that melatonin treatment in the non-breeding season improved fresh semen quality by
reversing the negative effect on sperm production or quality usually observed during a non-
breeding season (Casao et al., 2008; Rosa et al., 2012). However, melatonin administration
did not exert any beneficial influence on viability and normal morphology in fresh ejaculates
but improved the viability and normal sperm morphology during chilled liquid storage, and
having no significant differences with sperm obtained during the breeding season. Also,
results on sperm kinematics parameters by CASA showed that the melatonin group displayed
better values than other sperm donor groups during 4hr of refrigeration. The only evident
significant changes in all kinematic parameters were observed in untreated/non-breeding

season sperm donor group showing very low values after 24h.

Regarding sperm nucleoprotein integrity, our results showed no effect of chilled liquid
storage in all donor groups but a significant difference between seasons. To the best of our
knowledge, this is the first study towards the evaluation of ram sperm nucleoprotein integrity
by assessing disulfide bonds rupture, and as such, comparison with any similar study is not
available. Nonetheless, the significant difference between seasons may indicate that ram
sperm chromatin package with regards to nucleoprotein-DNA compactness maybe be
correlated with seasonal variation but this area requires further investigation. In this study, it
may be suggested that the adverse effect of seasonality on sperm may have been reversed by
the increased antioxidant enzyme activities in the seminal plasma (Reiter et al., 2009; Casao
et al., 2010) during storage. Therefore, it was concluded in this chapter that melatonin
implantation to sperm donor rams during the non-breeding season enhanced sperm quality
during chilled liquid storage. Future studies should be aimed at investigating the mechanism

of action of melatonin implants on sperm function during liquid storage.
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In small ruminants, semen collection via artificial vagina (AV) or electroejaculation (EE)
are commonly used methods. Although, AV is the preferred method (Leboeuf et al. 2000),
semen collection from large numbers of untrained rams makes sperm bank creation difficult
as this technique requires previous training periods (Wulster-Radcliffe et al. 2001).
Alternatively, EE could be a useful procedure for semen collection especially from untrained
males (Jiménez-Rabadan et al. 2012). However, several works have suggested that the effect
of collection methods on pre and or post-thawed sperm quality varies in small ruminants thus
showing inconsistent results depending on species and or breeds (Marco-Jiménez et al. 2008).
Therefore, on the basis of a quicker conservation program towards the creation of a sperm
bank for this endangered breed, a study was conducted at evaluating the efficacy of two
semen collection methods (EE vs. AV) on the quality of Aranesa ram sperm. This is due to
the fact that for a rapid constitution of a sperm bank especially from a large number of
untrained males, the use of an effective semen collection and evaluation technique is an
integral aspect to achieving this goal. In this study, we directly compared the effect of two
semen collection methods (EE vs AV) on fresh and frozen-thawed sperm quality of
endangered Aranesa ram using an established cryopreservation protocol in our laboratory
(Palomo et al., 2017). Our results showed that fresh ejaculates via EE had larger seminal
volume with lesser sperm concentration than those obtained via AV (Jiménez-Rabadan et al.,
2016), suggesting that the larger volume is as a result of increased seminal plasma (SP) from
the accessory sex glands due to the electric stimulation (Marco-Jiménez et al., 2008).

Furthermore, the total sperm count and functional integrity of sperm membrane obtained
via EE were lower compared to AV (Jiménez-Rabadan et al., 2016). Also, no effect was
observed on sperm viability, morphology and total acrosome damage between the two
methods (Marco-Jiménez et al., 2008; Jiménez-Rabadan et al., 2012). Most motility
parameters on pre-freeze samples were significantly higher in EE samples than in AV, and
we suggest that this may be due to the increase and changes in protein composition of
seminal plasma obtained via EE which improved their motility characteristics (Marco-
Jiménez et al., 2008; Mata-Campuzano et al., 2015). However, post-thawed sperm motility
showed no difference between collection methods (Marco-Jiménez et al. 2008; Jiménez-
Rabadan et al. 2016), and both were negatively affected from the freeze-thawing process
(Jiménez-Rabadan et al., 2012; Ledesma et al., 2014). The qualitative analysis of post-thawed
sperm by the flow cytometry showed no differences between methods on viability and ROS

production (Alvarez et al., 2012) but contradicts Marco-Jiménez et al., (2005) who reported
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better values in sperm collected by EE than via AV. It may be suggestted that this
discrepancy may be due to the cryopreservation protocol used (Jiménez-Rabadan et al.,
2016).

In addition, we also observed no effect on viable cells with intact acrosome and active
mitochondria as well as in damaged acrosome with inactive mitochondria, irrespective of
collection methods. These results contradict similar work by Jiménez-Rabadan et al., 2016,
who demonstrated that ram sperm collected via AV were more resistance to cold shock with
better sperm quality than via EE. However, Marco-Jiménez et al., (2005) reported a higher
sperm cryoresistance quality in EE than AV samples. An explanation to this may be due the
complexity and variance of seminal plasma amongst species or breeds (Leahy et al., 2010).
Furthermore, EE samples had lower percentage of viable cells with damaged acrosome and
active mitochondria (cryo-capacitation) and total acrosome damage than those via AV
(Marco-Jiménez et al., 2005). This may suggests that EE frozen-thawed sperm seemed to
display better stability during cryopreservation, and that this stability may be due to the
increase in some seminal plasma proteins induced by electrical stimulation from the
accessory glands thus suppressing acrosome reaction, and preserving the functional
characteristics of spermatozoa during freezing (Barrios et al. 2000; EI-Rajj Ghaoui et al.
2007). As regards sperm nucleoprotein integrity, our results showed no significant difference
between methods on post-thawed sperm suggesting that ram sperm chromatin package in
relation to nucleoprotein-DNA compactness between EE and AV may be similar but further
investigation is needed. Therefore, results from this subject supports the inclusion of EE as a
viable alternative and swift method for semen collection especially from a large number of

untrained Aranesa rams towards the establishment of a sperm bank.

On the basis of creating a sperm bank for this breed as described above, the quality and
effective use of frozen-thawed sperm is of siginificant importance. However,
cryopreservation adversely impairs ram semen quality by altering sperm function, and these
alterations may affect the post thawing fertilizing capabilities as a result of reduced
survivability of the frozen thawed spermatozoa (Salamon and Maxwell, 1995: Ledesma et al.,
2016). Therefore, in providing some information on the sperm post-thawed quality after
cryopreservation and prior to testing its usefulness for further application, the maintenance of
sperm quality after thawing for a longer period especially when subjected to thermo-

evaluation test at 37°C is a crucial aspect for fertilization processes (Bag et al., 2004). In this
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thesis, an attempt was made to understand whether the removal of seminal plasma (washing
by centrifugation) prior to cryopreservation would exert any changes on post-thaw sperm
quality and after a 4 h of post-thawing incubation. Results on pre-freeze sperm motility
showed that the removal of seminal plasma by centrifugation (washed sperm) prior to
cryopreservation significantly reduced the percentage of total motility of sperm when
compared to sperm with seminal plasma (unwashed sperm). This result agrees with other
reports on pre-freeze sperm motility in goats (Leboeuf et al., 2000), in stallion (Hoogewijs et
al., 2010) and in ram (Ahmed et al., 2016). Also, the kinematic parameters of unwashed post-
thawed sperm had better values than that of washed sperm thus indicating the importance of

seminal plasma during ram sperm cryopreservation (Barrios et al., 2000; 2005).

However, a previous study by our group demonstrated that sperm washing by
centrifugation provided a beneficial effect on ram sperm kinematic parameters after thawing
(Garcia, 2014). In the present work, we suggest that this discrepancy may be age related due
to the fact that males used in the previous study were much younger (1-2years) than males in
this study (5 years), and seems that the beneficial effect of seminal plasma may be evident in
older males than younger ones (Mandiki et al., 1998; Maxwell et al., 1999). Furthermore,
after 4 h post-thawing incubation, all sperm kinematic parameters were negatively affected
irrespective of the treatments (Bag et al., 2004; Joshi et al., 2005), and despite this general
negative effect on sperm motility, unwashed sperm had better kinematic parameters than
washed sperm. We suggest that the presence of seminal plasma proteins in the unwashed
sperm may have had a beneficial effect in maintaining sperm motility (Turner, 2005). An
explanation could be as a result of dead cells releasing toxic effect of membrane-bound
aromatic amino acid oxidase enzyme thereby causing a decline in the motility of spermatozoa
(Shannon and Curson, 1972). As regards the analysis of various sperm populations analyzed
by flow cytometry, we observed no effect between treatments either immediately after post-
thaw or after 4 h of incubation period. The only change observed was the adverse effect of
the thermal incubation on mitochondrial functionality, irrespective of treatments (Bag et al.,
2004; Joshi et al., 2005). Furthermore, the decrease in mitochondrial functionality further
elucidates the decline in sperm motility during post thawing incubation due to gradual
decrease in the ability of sperm to generate ATP from mitochondrial respiration due to
mitochondrial ageing (Viswanath et al., 1997).

107



Although studies have demonstrated that oxidative stress affects the strength of disulfide
bonds which ultimately destabilising nucleoprotein integrity (Yang et al., 2007; Flores et al.,
2011), in this study, no significant difference was observed between treatments regardless of
post thawing sperm incubation time on sperm nucleoprotein integrity. It may be suggested
that ram sperm nucleoprotein may be cryotolerant as regards its resistance to alteration in
their structure during freeze-thawing but further investigation is needed, since this was the
first attempt to determine the sperm head free cysteine radicals as a direct measure in the
number of disulfide bonds in nucleoprotein-DNA structure in ram sperm. Therefore, we can
conclude from the results in this study that the presence of seminal plasma prior to
cryopreservation assisted in the maintenance of sperm motility at post-thaw and after a 4 h
post-thawing incubation period, and such parameter have been considered as an important
factor in correlation with fertility (Budworth et al., 1988; Aitken, 1990). Following this
pattern, another study was proposed at evaluating the importance of adding seminal plasma to
frozen-thawed sperm with the aim of maintaining sperm kinematics and quality towards

fertilizing the ovum during cervical artificial insemination.

Due to the positive influence of seminal plasma during cryopreservation and sperm post-
thawed quality, another work in this thesis was aimed at evaluating possible effects of adding
autologous whole seminal plasma (20%) in respect to seasons and method of collection to
frozen-thawed sperm (washed and unwashed) during a 90 minutes incubation period at 37°C
(thermo-resistance test). Results on sperm kinematics immediately after thawing showed that
the addition of seminal plasma regardless its source on cyropreserved sperm (washed and
unwashed) generally had a positive effect on sperm motility parameters when compared with
their controls. This was notably observed due to the low motility values in their various
sperm controls (+PBS), and in agreement with a previous study demonstrating that the
beneficial effect of seminal plasma may be on sperm motility (Turner, 2005). Also, motility
was negatively affected after 45 and 90 min of post-thawing incubation (thermo-resistance
test), irrespective of the treatments (Bag et al., 2004; Joshi et al., 2005). Nonetheless, there
was no significant difference observed on total and progressive motility parameters on sperm
incubated with seminal plasma regardless its source. Our results contradicts a similar work by
Dominguez et al., (2008) who reported that seminal plasma obtained during the breeding
season improved motility, and this may be due to the low molecular weight proteins and
higher total protein content in seminal plasma obtained via EE (Ledesma et al., 2014).

Although the characteristic of seminal plasma was not tested in this study, we suggest that
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this inconsistency may be due to the complexity and variance of seminal plasma amongst
species (Mandiki et al., 1998). However, our result agrees with Morrier et al., (2003) who also

found no effect.

As regards sperm functionality, the addition of seminal plasma immediately after thawing
showed no statistical effect on viability and viable cells with intact acrosome and active
mitochondria, irrespective of the various sperm treatments (Barrios et al., 2000). However,
after 90 min of post-thawing incubation, the presence of seminal plasma irrespective of
treatments maintained sperm viability and viable cells with intact acrosome and active
mitochondria, and significantly differed from washed sperm incubated with only PBS
(control). Our result agrees with EI-Rajj Ghaoui et al., (2007) but contradicts Rovegno et al.,
(2013), who reported an increased apoptotic sperm cell rate after 60 min of incubation with
seminal plasma. Regarding mitochondrial functionality, the only changes observed was the
adverse effect of incubation time which showed a decrease, irrespective of treatments, and is
in agreement with Joshi et al., (2005). The worst result as regards mitochondria functionality
during the incubation period was seen in washed sperm (+PBS), and this led to increased
sperm death. Furthermore, there was no effect amongst treatments with seminal plasma on
sperm capacitation, irrespective of incubation time except for washed sperm (+PBS/control).
This suggests that the presence of seminal plasma may have delayed capacitation-like

changes and acrosome reaction (El-Rajj Ghaoui et al., 2007).

Therefore, it seems that the presence of seminal plasma was generally beneficial in
maintaining sperm motility and regulating sperm functions during a prolong incubation time,
regardless its source. It is also interesting to note the lack of a clear distinctive difference on
sperm quality after the addition of the different sources of seminal plasma. It may be
hypothesised that this non-significant difference amongst sperm quality may be due to the
low amount of seminal plasma added (20%), or the pooled effect of whole seminal plasma
used which may have eliminated individual variation of seminal plasma characteristics from
different males (Muifio-Blanco et al., 2008). Another explanation may be that the addition of
seminal plasma prior to freezing gives a better frozen-thawed sperm quality than when added
after thawing (Petyim et al., 2014). Nevertheless, the physiological significance of seminal
plasma is still a mater of speculation, and further investigation is needed to determine,

quantify and purify seminal plasma based on individual male characteristics in relation to its
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beneficial use as a supplement towards improving post-thawed sperm quality for cervical

insemination.

Results herein confirm that supplementing frozen-thawed sperm with seminal plasma
maintained sperm functions and motility characteristics during a post-thawing incubation
period. Also, there was no beneficial effect of washing by centrifugation or the removal of

freezing component before the addition of seminal plasma on frozen-thawed sperm quality.
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Chapter VI

CONCLUSIONS
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Melatonin implantation to sperm donor rams during a non-breeding season generally
reversed seasonal effect and maintained sperm parameters during 24h of chilled liquid
storage, in addition, no difference on semen quality was observed between donor rams
from melatonin treated (non-breeding season) when compared to sperm donors in

breeding season.

The sperm obtained by electroejaculation showed higher motility after 4h of
refrigeration (pre-freezing) than those obtained via artificial vagina, whereas, at post-
thaw, no difference was observed between both methods. However, frozen-thawed
sperm obtained via electoejaculation displayed better stability during cryopreservation
due to its low capacitation or acrosome reaction status than those obtained via

artificial vagina.

The inclusion of electroejaculation as a viable alternative and swift methodology for
semen collection especially from a large number of untrained males towards the
ongoing conservation program and establishment of Aranesa sperm cryobank is

highly recommendable.

The presence of seminal plasma prior to cryopreservation assisted in the maintenance
of sperm motility and mitochondrial functionality despite the adverse effect of a 4h

thermal incubation period compared to sperm frozen without seminal plasma.

Semen washing by centrifugation prior to cryopreservation is not necessary due to its
non-beneficial and negative effect on post-thawed sperm quality.

Supplementing frozen-thawed sperm with seminal plasma assisted in maintaining

sperm functions and motility characteristics during a post-thawing incubation period.
The presence or addition of seminal plasma irrespective of season or method of

collection on frozen-thawed sperm delayed capacitation-like changes and acrosome

reaction during the post-thawing thermal incubation period.
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8. There is no beneficial effect of washing by centrifugation or removal of freezing
component of frozen-thawed sperm before supplementing with seminal plasma, and
this process may only cause loss or damage of sperm as well as other vital

components which helps in maintaining sperm quality.

9. Results in this study indicate that the sperm motility parameters evaluated by CASA,
sperm functional characteristics analyzed using flow cytometry, determination of
sperm head free cysteine radicals and a thermal resistance test may be useful in

predicting the fertilizing capacity of sperm prior to further application.
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