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tract to minimize the loss of spermatozoa following copulation and ejaculation. (Senger

2012).

1.1.4.2 Spermatozoa

The solid phase of the ejaculate is composed of various somatic and sperm cells.
The final formation and structure of a differentiated spermatozoon is comprised of a

head, mid-piece, principal piece, and end-piece (Figure 1.2).

Figure 1.2 Schematic diagram and ultrastructure of spermatozoa (Recreated from:
Borg, et al. 2009)

The head is the site of nuclear content, acrosome, and the post-nuclear cap. The

acrosomal structure is a critical site for receptors and enzymes essential for compatible
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interactions with the female oocyte. Specific to the boar, the nuclear shape of the head is
species-specific dependent upon genotype, and comprises the majority of the head. The
acrosomal region accompanies the nucleus in a sac-like structure capping the
spermatozoal head. Acrosome is a membrane-bound organelle comprised of two layers
essential for accurate binding to the female oocyte. The inner acrosomal layer is
positioned over the nuclear envelope on top of the perinuclear space whereas the outer
layer sits just beneath the plasma membrane structure surrounding the entire head.
Between these two layers (outer acrosomal layer and plasma membrane) sits a
homogeneous mixture of hydrolytic enzymes essential for compatibility binding to the
oocyte (Briz and Faberga 2013).

The connecting piece on the boar spermatozoa is the region connecting the base
of the nucleus (head) to the first mitochondrion of the tail. This region primarily
functions to keep the tail region attached to the head.

The tail is the final characterized formation of the boar spermatozoa, comprising
the mid-piece (site of mitochondrial synthesis), principal piece, and terminal or end-
piece. Various primer proteins within the mid-piece regulate mitochondrial synthesis
allowing for versatility in metabolism regulation for energy production dependent upon
substrates available (Piomboni et al., 2012). Glycolysis and oxidative phosphorylation
specifically have widely been considered energy regulating pathways within the
mitochondrial spermatozoa, with glycolysis functioning as the primary metabolic
pathway for maintaining sperm survival (Storey, 2004). The mid-piece itself is
categorized into the axoneme, mitochondrial sheath, coarse fibers, and peripheral

granules. The axoneme is positioned in the center of the mid-piece consisting of axial
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filaments arranged in a classic 9+2 arrangement, with “spokes” and “arms” and extends
down the entire length of the tail becoming increasingly disorganized as it reaches the

more distal portions of the tail (Figure 1.2). Additionally, the axoneme is surrounded by
the mitochondrial sheath where several mitochondria are stationed end-to-end along the

length of the mid-piece (Briz and Faberga 2013). The principal piece is the longest

region of the tail, comprised of a variety of fibrous axes that aid in spermatozoal

movement. The terminal or end piece is the last and shortest region of the sperm tail,

having no accessory cytoskeletal structures like the principle piece, but is instead
comprised of a disorganized axonome and a plasma membrane. This region is thought to
work in conjunction with the principal piece to provide efficient flagellar movements for

movement and propulsion through the female tract (Omoto and Brokaw 1982).

1.2 Fertilization and embryo development
1.2.1 Sperm migration

Spermatozoa stored in the male reproductive tract are unable to move by
themselves due to the acidity of the environment. Their transportation within the
epididymis is facilitated by the cilia movements of the epididymis epithelial cells. Once
they approach release by the ejaculation process, they progressively gain of motility by
the presence of oxygen and increased pH by the sex gland secretions at the moment of
ejaculation. Following semen deposition during copulation, spermatozoa are subjected to
an entirely new environment (i.e., chemical composition, female immune system), with
their transport being divided into two phases: sustained and rapid. This migration process

is explained in further detail in Figure 1.3.
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Figure 1.3 Schematic representation of sperm migration and capacitation during
transport through the female genital tract (Recreated from: Geisert 1987)

During the sustained transport phase, spermatozoa move through the cervix,
where the majority of seminal plasma and immotile sperm are lost, to the uterine body
and horns with the help of uterine secretions and muscular contractions acting as a
selective barrier against non-viable sperm (Suarez 2016). Upon transport to the oviduct,
spermatozoa undergo a capacitation reaction (Figure 1.3). The secretions in the female
genital tract contribute to destabilize the phospholipid bilayer surrounding the
spermatozoal head surface and permitting fusion of the plasma membrane with the outer
acrosomal membrane. This fusion allows the release of acrosomal hydrolytic enzymes

necessary for acrosome activation when sperm come in contact with the oocyte (Figure
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1.4). Various studies have shown this capacitation process can be reversed through the
presence of seminal plasma (decapitation) (Figure 1.3). During capacitation, spermatozoa
progress within the oviductal lumen to bind with epithelial cells in the lower isthmus
region (sperm reservoir). Here, spermatozoa are able to gain further motility (hyper-

activation) through interactions with specific molecules in this reservoir.

A3k

Leaving Testis  Epididymis In Seminal Plasma Oviduct/IVF

Figure 1.4  Sperm Capacitation

Sperm capacitation. (A) Upon leaving the testis, spermatozoa are morphologically
complete but infertile due to the presence of a cytoplasmic droplet. (B) In the epididymis,
spermatozoa (1) acquire motility characteristics through tail modification, (2) lose the
cytoplasmic droplet and (3) undergo enzymatic protein surface alterations (green)
essential for sperm—zona binding, and surface stabilizing factors. (C) During ejaculation,
spermatozoa are mixed with seminal plasma and glycoproteins (blue) adhering to sperm
surface (4). (D) When spermatozoa reach the site of fertilization, they are triggered to
capacitate through surface changes: (6, 7 & 8) epididymal, lipid, and semi-lipid proteins
(green) move to the tip of the sperm head. At the cytosolic site, the sperm head is now
efficiently and stably docked to the outer acrosomal membrane (9). Additionally, the
sperm tail, generates hyperactivated motility (10). (Recreated from: Leahy and Gadella,
2011).
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The rapid transportation phase of spermatozoa starts with the accelerated beats of
their flagellum within the reservoir, which frees them from epithelium attachments.
These hyper-activated spermatozoa move very fast in a disorganized manner through the

oviduct to meet the oocyte.

1.2.2 Fertilization

Hyper-activated and capacitated spermatozoa must penetrate through the cells
(cumulus cells and radiata corona) surrounding the zona pellucida before direct
interaction with the oocyte plasma membrane. First, spermatozoa must bind to the zona
pellucida through specific interaction with the zona pellucida protein 3 or ZP3 (receptor
on sperm exposed from capacitation), leading to acrosomal reaction and fusion of the
zona pellucida and the outer acrosomal membranes (formation of vesicles) and liberation
of acrosomal enzymes (i.e., acrosin) allowing the sperm to pass through the zona
pellucida and reach the perivitelline space. Following, the oocyte plasma membrane fuses
with fusion proteins on the sperm surface to digest the post nuclear cap and enable sperm
membrane to fuse with the oocyte membrane. Thereafter, the cortical granules beneath
the zona pellucida initiate a “zona block’ disenabling the penetration of further
spermatozoa within the oocyte and preventing polyspermy.

At ovulation or prior to fertilization, the oocyte is resting in the metaphase of the
second meiotic division, with chromosomes aligned along the meiotic spindle of the
equator. During the time of sperm penetration, the oocyte resumes meiosis (anaphase,
telophase) ending with expulsion of the secondary polar body and formation of the
haploid female pronuclear (Hunter, 2000). As the sperm nucleus enters the cytoplasm of

the egg, the nucleus decondenses to form the male pronucleus that fuses with its female
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counterpart (syngamy) and allowing both maternal (oocyte) and paternal (sperm)
chromosomes to pair up and form a new diploid cell with two sets of chromosomes (2N

chromosome or 38 in pigs) called zygote.

1.2.3 Embryo development and preimplantation

The formed diploid zygote (1-cell stage embryo) undergoes successive mitotic
divisions to multiple individual and smaller cells (blastomers) within the zona pellucida,
in a process called cleavage. Around the third or fourth cycle of divisions, cells will
begin to form a solid ball of compact cells called morula, that creates two cell-lineages
(inner cell mass or ICM and trophectoderm or TE) delimiting a central fluid-filled cavity,
called blastocoel. This fluid is primarily secreted by the tightly connected TE blastomers
that are ranged around the outer morula, beneath the zona pellucida, providing a seal to
the blastocoel and protection to the ICM. This developmental stage is referred to as a
blastocyst, with ICM giving rise to the fetus and TE that will form the future extra-fetal
portion of the placenta (chorion). As the blastocyst pursues its growth through mitosis

and fluid fills the blastocoel (expanded blastocyst), pressure continues to rise and

weakening the zona pellucida, causing its rupture and allowing escape of the blastocyst to

free-float (hatched blastocysts) within the lumen of the uterus for implantation. A chart of

pig oocyte maturation and preimplantation embryo development is shown in Figure 1.5.
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Figure 1.5  Oocyte maturation and preimplantation embryo development

Image curtesy of Jean Feugang (Unpublished data).

In swine, maternal recognition of pregnancy is established through endocrine
secretions of estradiol causing prostaglandin PGF2a to be secreted towards the uterine
lumen to prevent luteolysis. Other secretions such as prostaglandin, relaxin, and estrogens
stimulate contractions in the myometrium to distribute multiple conceptuses along the
uterine horn, properly spaced apart for implantation. Upon implantation in the sow,
formation of a diffuse epitheliochorial placenta develops. This placenta type consists of
many chorionic villi distributed over the entire surface of the chorion, penetrating into the
endometrium to form a fetal-maternal interface for nutrient transfer throughout gestation
for approximately 114 days.

Spermatozoa’s influence in sexual reproductive animals is tremendously

consequential on the successful fertilization, normal embryo development and beyond.
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Number of studies have evidenced these impacts with various semen/sperm quality and

paternal origins (Borini et al., 2006 and Sakkas et al., 1998).

1.3  Application of artificial insemination in swine
1.3.1 Demand for efficient productivity

Increasing efficiency in today’s meat and production industries is essential to
comply with the overwhelming consumer demand and lack of farmland. Worldwide
overpopulation is becoming an unfortunate reality, with an expected world population of
over 9 billion people by 2050 (FAO, 2017). With the majority of human populations
growing currently occurring in developing countries, the need for efficiency in meat and
production industries is not only becoming a necessity but a requirement (Thornton
2010). The ability to provide a functional non-invasive way to increase the amount of
quality offspring in production animals is the key to help keep up with increasing

consumer demand.

1.3.2 Advantages and limits of artificial insemination
1.3.2.1 Advantages

There are many advantages for the use of artificial insemination (Al) as a means
of an assisted reproductive technique (ART) in livestock. Within the swine industry, the
high output of semen produced from boars would allow multiple Al doses from a single
ejaculate for a higher commercial index boar. One of the largest advantages for the use of
artificial insemination is the dramatic improvements on genetic quality and diversity,

using fewer sires (Knox 2016).
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Previous to artificial insemination, genetic advancements were limited to locally
disposable high quality sires within the surrounding area. With the use of Al, semen of
highly selected males can be collected from high quality sires and (cryo) preserved for
prolonged periods for world-wide transportation to desired females. Moreover, Al allows
for more breeding flexibility for pre-timed breeding. Therefore, farmers can concentrate
solely on the period of time when the sow will come into heat and not when the boar will
be available. Another advantage of Al is the lack of contact between boars and sows,

preventing biosecurity concerns and possible exposure to diseases (Singleton 2001).

1.3.2.2 Limits

Although artificial insemination offers great advantages, it can also introduce a
variety of limitations.

1) The need for skilled personnel is essential to provide the most effective insemination
technique, as the success of artificial insemination is dependent upon the quality of
semen used and the insemination protocol (i.e., proper supervision of the sow for
accurate heat detection for more effective Al since a boar is not required).

2) The upfront costs associated with semen purchased for Al, skilled personnel, labor,
and needed supplies.

3) Higher risk of sexually transmitted diseases associated with accidental use of infected
semen (PPRS, leptospirosis, etc.) that could cause serious harm to numerous
inseminated females, resulting in reproductive failures or illnesses (Maes, et al. 2008)
and serious economic loss for the producer.

4) Better management practices that must be suitable for Al incorporation into a

breeding program. Unfortunately, successful cryopreservation of boar semen is still
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faced with many limitations due to various factors related to individual boars,

ejaculates and environment (Maes, et al. 2011).

1.3.3 Sperm characteristics

Sperm characteristics are dependent on a variety of intrinsic and extrinsic factors.
Various genetic factors associated with specific genes and hereditability have shown to
effect sperm viability characteristics. Semen with poor genetic value often possess higher
concentrations of abnormal spermatozoa with possibly damaged DNA fragments, making
them unsuitable for AI (Lopes 1998). Similarly, extrinsic factors such as environmental
and management conditions can have a significant impact on sperm quality. Stress (noise,
space, etc.), temperature, nutrition, and social interactions can all have an influence on
the fertilization potential of boars, through inhibition or interruption of spermatogenesis
(Kekalainen, et al. 2015; Wettemann, et al. 1976).

As sperm quality is altered, it creates a heterogeneous population of viable and
non-viable (damaged) sperm within the ejaculate dose. In various species, studies have
demonstrated that poor semen contain higher amounts of spermatozoa with sub-lethal
molecular damages, that may fault the prognosis of semen fertility following the use of
routine laboratory techniques (Sakkas, et al. 1998; Seli, et al. 2004). Differences within
spermatozoal performance in a single ejaculate dose can be attributed to morphological
differences affecting motility, velocity, and directionality; and examination before Al can
help prognostic whether semen samples are likely to lead to successful fertilization. As
the population of non-viable spermatozoa within an ejaculate dose is concentrated, it can
create clumps of damaged cells, blocking a straightforward path for viable sperm to

successfully fertilize.
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1.3.3.1 Morphological and molecular defects

Sperm abnormalities can arise during spermatogenesis and maturation and can be
seen in the form of bent or coiled tails, detached tails, and/or cytoplasmic droplets.
Additional forms of semen abnormalities may be established from low sperm count
(oligozoospermia), low sperm motility (asthenozoospermia), or the absence of
spermatozoa all together (azoospermia). A high proportion of abnormal
(teratozoospermia) or immobile/dead (necrozoospermia) may arise when extreme
interruption or inhibition to spermatogenesis is present due to intrinsic and extrinsic
factors. These morphological characteristics can be indicative of molecular damages as
well, due to various genetic abnormalities providing a clear evaluation of the fertility
potential of the boar. Indeed, numerous molecular defects of spermatozoa can negatively
affect male fertility.

1) Pre-mature acrosome reaction (hyperactivation) occurs during early capacitation,
resulting in the inability to be compatible with the female oocyte for successful
fertilization, often leading to cellular apoptosis.

2) Apoptosis incidence in spermatozoa can be caused by DNA-damages, morphological
impairments, or a release of toxic amounts of reactive oxygen species (ROS). The
occurrence of ROS removes cholesterol from the sperm plasmalemma and increases
its permeability (mitochondrial and plasma membrane), inducing a cascade of
reactions leading to apoptosis (Aitken and Baker 2013).

3) Decreased motility can result from the formation of lipid adducts on spermatozoal
head proteins and impairments in mitochondrial energy regulation, causing limited
movement potentials and induced apoptosis.
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1.3.3.2 Current status of semen evaluation manipulation

Semen evaluation are conducted using a variety of subjective and objective
methods. Now processing semen subjectively involves routine laboratory techniques
which vary according to technicians. In contrast, objective semen evaluation are
conducted with high quality and often costly equipment to obtain non-bias data. For
example, the use of a Computer-Assisted-Sperm-Analyzer (CASA) has allowed for
objective evaluation of sperm motility, velocity, DNA-fragmentation, morphology, etc. In
addition, CASA analysis in other species provides further insight in the directionality and
efficiency of sperm movements (Figure 1.5) (Amann and Waberski 2014). Sperm
movements are important to estimate the amount of sperm that would efficiently travel
through the female tract and provide a better chance for fertilization. Numerous viability
tests are available and have been nicely summarized in numerous reviews (Nizanski, et
al. 2015; Sutovsky 2015). Commonly used staining tests permit the evaluation of sperm
membrane integrity (i.e., propidium iodide, eosin), acrosome reaction (i.e., Peanut
sativum/peas agglutinin or PSA/PNA), DNA fragmentation or apoptosis (i.e., Annexin-
V), ROS accumulation (i.e., DCHF-DA), and mitochondrial potential (i.e., JC-1, mito
traker).

The aforementioned techniques are mainly applied in laboratory settings, while
many farmers choose to conduct a breeding soundness exam, determining the male
fertility potential through parameters such as evaluation of external scrotal
circumference. Semen color, sperm characteristics, and seminal plasma.

The combination of these evaluation techniques (objective, subjective, and BSE)
are excellent predictors of semen quality, their routine applications in large commercial
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studs are still limited. The current progress in understanding the sperm biology allows for
the development of molecular-based technical approaches to improve semen
manipulation for accurate recognition of non-viable spermatozoa within the semen
ejaculate. The combination of these techniques for sperm evaluation in large commercial

farms are still limited, and the fertility predictors capability remain.
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Figure 1.6 ~ CASA analysis of sperm.

The centroids represent the actual path sperm would take. Curved-line velocity (VCL)
represents the total point-to-point distance traveled over a period of time. Average path
velocity (VAP) represents the average velocity traveled over time through averaging
VCL measurements. Straight-line velocity (VSL) represents the straight-line distance
traveled. Beat-cross frequency (BCF) is the frequency that the sperm tail moves (back
and forth). Additionally, the lateral head amplitude (ALH) describes the deviation of the
sperm head to each side (Recreated from: Amann and Waberski, 2014)
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1.4  Nanobiotechnology

1.4.1 Nanoparticle: definition, types, and characteristics for biomedical
applications

Nanobiotechnology is a novel area of science allowing nano-scale particles and
structures of 1 to 100 nanometers to be created for remarkable biomedical applications
(Sun, et al. 2014). Nanoparticles generally consist of a core and an outer polymer layer
(i.e., polyethylene glycol or PEG, PLGA, chitosan, dextran) tailored for customized cell
targeting and biosensing (Koo, et al. 2005).

Nanoparticles can be individually developed or combined as a group (composites)
into a variety of shapes including spheres, cubes, rods, tubes and stars (Sun, et al. 2014),
whereas nanoparticle structures can be carbon-based arranged in a variety of shapes to
create a hollow vesicle (dendrites or liposomes) or may be comprised of a single core
made from a variety of metals (silver, gold, metal oxides, titanium oxides, etc.)
(Farokhzad and Langer 2009). A metal-based core can possess supplementary
characteristics to enhance the ability for use in particular applications. For example, a
nanoparticle with a cadmium selenium (CdSe) core possesses a broad spectrum of
fluorescence properties, ideal for imaging techniques (Sounderya and Zhang 2008), while
an iron oxide core-based nanoparticle will possess magnetic properties expanding the
versatility of applications.

As indicated in Figure 1.6, synthesized nanoparticles for biological applications
generally consist of a core or structure coated with a biodegradable element such as
lipids, polymers, and PEG that render the structure biocompatible (hydrophilic). This
external (preferentially) negatively charged structure can further be functionalized with

biomolecules (i.e., targeting ligands, nucleic acids, fluorescent dyes, tunable surface
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charges) for various bio-applications such as targeting, imaging, and therapy (Whitesides

2003).
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Figure 1.7  General schematic representation of a nanoparticle structure.

A summary of nanoparticles used for biomedical techniques, with illustrations of bio
physicochemical properties. (Recreated from: Sun et al., 2014)

1.4.2 Applications in medicine

The small size and large surface-to-volume ratio of functionalized nanoparticles
make them excellent tools for various applications in biomedicine, due to their greater
payload allowing them to target more surface area (i.e., receptors) in even the most

discrete locations of the tissue (Gupta and Wells 2004). The biomedical aspects of
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nanotechnology have shown a dramatic increase due to the diverse array of applications

in disease research and biomedicine such as:
1) Drug delivery for disease therapies. Numerous strategies have been developed using
liposomes and carbon-based nanotubes for therapeutic drug delivery for various
brain diseases such as Alzheimer’s and Parkinson’s diseases (Re, et al. 2012;
Sercombe, et al. 2015; Taylor, et al. 2011; Trapani, et al. 2011; Ulbrich, et al. 2009).
2) Gene delivery. DNA encapsulated nanomaterials (i.e., carbon nanotubes) are able to
invade the cell and target the nucleus through endocytosis, creating a non-viral
delivery vesicle potentially less harmful than a traditional viral source (Dizaj, et al.
2014). Delivered DNA are functional and capable of gene expression (Bianco, et al.
2005).

3) Diagnosis and imaging. Functionalized fluorescent or magnetic nanoparticles such as
gold, quantum dots, and iron oxides allow accurate identification or localization of
target tissues (i.e., tumor) for adequate treatment (i.e., potential drug or gene therapy

therapies) (Reddy, et al. 2006).

1.4.3 Applications in Reproductive Biology

Nanotechnology was introduced in the field of reproductive biology less than two
decades ago, primarily for toxicology studies (Lafuente, et al. 2016; Pankhurst, et al.
2003; Wiwanitkit, et al. 2009; Zhang, et al. 2014). Since, the current developments in
nanotechnology are allowing novel applications for gamete targeting and imaging, which
are believed to ultimately benefit livestock productivity through the improvement of our
understanding of the reproductive processes and fertility of animals. Below are few

aspects of current progress utilizing nanoparticles for gamete investigations.
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1) Sperm imaging. Few studies have used boar spermatozoa for targeting and non-
targeting imaging through conjugated mesoporous silica (Barkalina, et al. 2014a)
and fluorescent quantum dots (Feugang, et al. 2012) nanoparticles. In both studies,
spermatozoa were imaged under microscope, and the later use of quantum dots-
labeled spermatozoa placed within the female reproductive tract allowed for ex situ
imaging (Feugang, et al. 2015). This study was an explorative investigation of the
possibility of non-invasive and non-destructive tracking of spermatozoa within their
natural physiological environment following artificial insemination (Figure 1.7).

2) Gene delivery and sex sorting. Mesoporous silica nanoparticles have been examined
as potential carriers for gene delivery in spermatozoa (Barkalina, et al. 2014Db).
Meanwhile, nucleic acid-conjugated gold nanoparticles are currently tested for bull
sperm sex sorting (Rath, et al. 2015).

3) Sperm targeting. Among the numerous synthesized nanomaterials, magnetic
nanoparticles have been determined as the candidate of choice for sperm separation
due to their specific property. Their specific functionalization permit interactions
with spermatozoa for isolation under electromagnetic fields, through following
Coulomb’s law (Pankhurst 2003). These nanoparticles have been successfully applied
boar and bull semen to remove acrosome reacted spermatozoa exhibiting
carbohydrate receptors that are targeted by the lectin coated-nanoparticles.
Interestingly, the authors found no detrimental effects on the function of residual,
acrosome intact spermatozoa that were solely exposed to nanoparticles (Feugang

2015; Odhiambo 2014).
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In conclusion, nanobiotechnology is a novel platform to improving knowledge in
animal sciences. The safe use of nanomaterials provides non-invasive applications in

animal reproduction for basic and applied research to enhance livestock productivity.

Figure 1.8  Bioluminescence imaging of quantum dot labeled sperm.

Intra-uterine bioluminescence imaging of labeled spermatozoa with quantum dot (QD-1)
nanoparticles. a) Boar spermatozoa labeled with QD-1loaded into plastic straws, b) QD-1
loaded spermatozoa injected into the female oviduct, c¢) uterine horn, d) and uterine body
(Feugang, et al. 2015).

1.5  Problem and objectives of the study
1.5.1 Problem

Semen ejaculates routinely contain a balanced proportion of viable and non-viable
spermatozoa that is influenced by both intrinsic and extrinsic factors associated with that
animal. However, a serious change of factors such as sickness and seasonal variations can
create an imbalance in favor of non-viable spermatozoa, jeopardizing semen fertility. For

instance, seasonal variations associated with heat stress is still a great concern in boar
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studs, where numerous semen ejaculates are generally discarded during hot seasons due
for poor sperm quality. This rejection constitutes a great loss for swine producers and
there is a crucial need to develop new innovative approach to mitigate the negative

effects of seasonal variation in swine.

1.5.2 Objectives

Numerous molecular defects characterize non-viable spermatozoa. Damages
induced by boar exposure to heat stress, correspond to higher proportions of spermatozoa
exhibiting early acrosome reaction and apoptotic signs. Specific molecules are already
available for the detection of acrosome reacted and apoptotic spermatozoa, but the
current techniques of evaluation are only informative, and useless as semen that do not
pass the tests are still entirely discarded. Here we propose to develop an explorative
molecular-based approach to specifically target and remove damaged cells. The proposed
approach resides on the use of functionalized magnetic nanoparticles that enable targeted-
sperm removal through a process termed “nanopurification”, with the expectation that the
remaining viable spermatozoa have maintained their function intact. This Master thesis
constitutes the first ground work toward the aforementioned overall objective. Therefore,
the objectives of the current study are as followed:

1. Sperm nanopurification and evaluation of sperm performance

a. Designed magnetic nanoparticles used to target apoptotic and acrosome

reacted spermatozoa, confirmed through various microscopy imaging.

b. Examination of residual spermatozoa are examined through various

motility and viability tests
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c. Finally, in vivo fertility is verified through insemination of gilts and

evaluation of neonatal pigs born alive.

Sperm nanopurification and evaluation of post-natal offspring developmental

performance

a. Selected neonatal pigs representing standard and nanopurified semen
litters are grown until market size.

b. Animals are monitored for growth and numerous developmental and

health parameters are collected for comparative analyses.

Sperm nanopurification and evaluation of carcass and meat quality at market

a. Carcass characteristics and meat quality are evaluated

b. Chemical and Molecular parameters are evaluated.
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