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ABSTRACT
The studies that comprise this thesis were performed in an attempt to identify and
eliminate stressful conditions that may lead to infertility in the male bovine. The first
project was performed to determine if ergot alkaloids directly affect bovine sperm motility.
Percentage of motile spermatozoa was affected (P = 0.015) by a three-way interactions
between time, concentration, and alkaloid. Ergotamine and dihydroergotamine decreased
(P = 0.01) sperm motility in a concentration and time dependant manner and ergonovine
had a minimal effect on overall sperm motility. The number of static spermatozoa also was
affected (P < 0.01) by a three way interaction and increased as ET and DHET
concentrations increased. Percentages of progressively motile and rapidly motile
spermatozoa decreased (P < 0.01) in a two way interaction between alkaloid and
concentration. Overall, sperm motility was decreased by ET and DHET. Furthermore, the
qualities of motility as represented by progressive, rapid, path velocity (VAP), progressive
velocity (VSL), track speed (VCL), beat frequency (BCF), lateral amplitude (ALH),
straightness (STR), elongated, and area were decreased by those alkaloids. These data
verify that ergot alkaloids commonly found in toxic tall fescue are detrimental to bovine
spermatozoa. In the second study two antioxidants (alpha-tocopherol and ascorbic acid)
were added to bovine sperm culture media and cryopreservation extender. The antioxidant
capabilities of these two vitamins could help reduce free radical production and help
preserve sperm viability. There was an interactive effect between ascorbic acid
concentration and storage method on the bovine sperm motility characteristics: motile,
progressive, rapid, track speed (VCL), and straightness (P < 0.05). A bull by ascorbic acid
interaction (P < 0.05) was observed for motile, progressive, rapid, path velocity (VAP),

progressive velocity (VSL), and VCL characteristics. Alpha tocopherol had no affects on
sperm motility characteristics. Lipid peroxidation was affected (P < 0.01) by bull and
ascorbic acid. Malondialdehyde concentrations for ascorbic acid treatments (0, 5, 10, 20
mM) were 3.25, 4.2, 2.96, and 2.15 µM respectively. Results from the second study
indicate that the addition of ascorbic acid may reduce sperm motility, but help prevent lipid
peroxidation.
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Introduction
Reproductive efficiency is often ranked as the top selection criteria for beef cattle
producers and heavily influences profit margins (Cliff et al., 2009). It is estimated that in
the United States producers lose billions of dollars annually due to decreased calf crops
because of infertility (Cliff et al., 2009). There are many environmental factors that
influence reproductive capabilities including nutrition, climate, and stress. Cattle that
encounter stressful conditions often suffer from abnormal reproductive deficiencies
(Dobson and Smith, 2000). Most of the previous research concerning reproduction has
focused on the female, but more recently scientists have shifted their attention to the male
(Jones et al., 2004; Schuenemann et al., 2005; Looper et al., 2009).
Sperm motility measurements are commonly used in veterinary practice during
breeding soundness exams to predict sperm viability (Eilts, 2005); however, it is not the
only determining factor that influences the fertilizing capabilities of spermatozoa
(Claassens et al., 1991; Liu et al., 1991). Many other criteria contribute to male fertility,
such as morphology (Claassens et al., 1991) and track speed (Liu et al., 1991). Past
investigations have linked toxic tall fescue and semen processing techniques to many of
these aforementioned sperm defects (Jones et al., 2004; Schuenemann et al., 2005;
Looper et al., 2009). Because tall fescue is the most abundant grazing option for many
producers in the eastern United States, it appears to be a constant concern within the
cattle industry. Also, the current demand for assisted reproductive technology (ART),
such as in vitro fertilization, is becoming more popular; therefore, further investigations
must be performed to help eradicate stress induced sperm defects.
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CHAPTER 1

LITERATURE REVIEW
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Tall Fescue. Tall fescue (Festuca arundinacea Schreb.) is a deep rooted, coolseason, perennial forage grass that is commonly grazed throughout the southeastern
United States. Its extended grazing season and ease of establishment make it a viable
grazing option for many livestock producers, but its hardiness, pest resistance, and
sustainability during overgrazing help distinguish it from other popular forages
(Stuedemann and Hoveland, 1988). It is highly tolerant to varying moisture conditions
and low fertility soils. Because of its adaptability to a variety of different soil types and
climate conditions, it is found in over one half of the United States and occupies millions
of acres (Stuedemann and Hoveland, 1988).
Endophyte. An endophyte is any organism that lives inside a plant, along with
an epiphyte living on the exterior surface of the plant (Clay and Schardl, 2002).
Endophytes spend the entirety of their existence inside the host plant, and while doing so,
form a symbiotic relationship with the plant that improves the overall fitness (Bacon and
Siegel, 1988; Malinowski and Belesky, 2000). Through this relationship the endophyte
not only gains the habitat and nutrients necessary for survival, but the infected forage also
experiences increased nutrient intake, enhanced stress tolerance, improved pest
protection, and greater root system and plant growth (West et al., 1990; Latch, 1997; Clay
and Schardl, 2002). Growth of the endophyte occurs in the aerial portion of the host
forage and is located in the intercellular regions where there is an abundance of sugars
and amino acids (Clay and Schardl, 2002). Because of its many agronomic
consequences, the majority of current research focuses on the fungal endophyte family
known as Clavicipitaceae (Clay and Schardl, 2002). Many common forages grazed by
livestock play host to fungal endophytes, but perhaps endophyte infected (EI) tall fescue
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has the greatest economic impact. It is estimated that tall fescue with an endophyte level
of 60% or more accounts for nearly three-fourths of all fescue stands in the United States
(Oliver et al., 2000).
Ergot Alkaloids. Ergot alkaloids have been studied to a great degree and it is
well established that ergot alkaloids located within the endophytic fungus (N.
coenophialum) have been associated with fescue toxicosis (Bacon et al., 1977; Cornell et
al., 1990). These ergot alkaloids can be separated into four primary groups: the clavines,
lysergic acids, simple lysergic acid amides, and ergopeptines (Berde, 1980). Ergovaline
seems to be the most abundant and most active alkaloid isolated from EI fescue (Porter et
al., 1979; Lyons et al., 1986) and comprises the majority of the ergopeptine alkaloids
(Lyons et al., 1986); however, many other alkaloids have been extracted from EI fescue
including several loline alkaloids (N-acetyl and N-formyl loline) (Jones, 1981; Bush et
al., 1982), peramine (Siegel et al., 1990), ergotamine (ET) (an ergopeptine), and
ergonovine (EN) (simple lysergic acid amide) (Porter, 1995) along with a number of
others (Bacon and Siegel, 1988). Alkaloids have been produced in vitro by the
endophytic fungus, therefore, it is likely that alkaloids are generated by the fungus rather
than the grass (Porter et al., 1979).
Understanding the chemical structures of ergot alkaloids have helped scientists to
better understand the toxicity of each alkaloid and has also led to the use of some
alkaloids for pharmacological treatments. The ergopeptine alkaloids all contain an
ergoline ring but differ in their radical groups. Because they have the ergoline ring, they
share structural commonalities with norepinephrine, dopamine, and serotonin (Berde,
1980) and have been greatly utilized in the world of pharmacology. Both ET and DHET
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are agonists for serotonin (5-HT) receptors (Silberstein, 1997) and are highly effective
when treating migraines (Lipton, 1997). These two alkaloids along with many others
also have vasoconstrictor activity and have been investigated for treatment of postural
hypotension (Oliver et al., 1993; Lipton, 1997; Madlom, 2002; Villalon et al., 2002).
Other alkaloids, such as bromocriptine, have been used for the clinical treatment of
human Parkinson disease (Hoehn and Elton, 1985; Shiraishi et al., 2004) and were used
in previous years in obstetrics and gynecology because of their uterotonic effects (AlbertPuleo, 1979; de Groot et al., 1998). Many synthetic alkaloids have been derived from
natural alkaloids to yield different pharmacological responses than their parent alkaloids
(Madlom, 2002). Generally, these dihydrogenated derivative’s agonistic characteristics
are less potent than the natural alkaloids (Madlom, 2002).
Toxic Affects on Animal Physiology and Reproduction. The consumption of
EI fescue has induced negative responses in a broad array of animal species ranging from
small laboratory rodents to cattle and horses. Even though there is some conflicting
literature, it is evident that animals consuming toxic fescue can suffer from many
physiological consequences. The ruminant has been the most heavily studied because it
accounts for the majority of grazed livestock in production agriculture, and is highly
effective at retrieving ergot alkaloids from ingested plant tissue (Greatorex and Mantle,
1974). Depending on the time of year and severity of the issue, symptoms of fescue
toxicosis can often be detected from external behavioral characteristics such as increased
respiration rates, excessive salivation, less time spent grazing, and more time in the shade
(Schmidt et al., 1982). Past studies have shown that cattle grazing infested pastures and
fungus infected hay can have reduced daily gains and decreased intake (Hoveland et al.,
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1980 a,b; Schmidt et al., 1982). One possible explanation for this is that cattle simply
spend less time grazing due to altered behavioral characteristics. In one instance where
steers were exposed to a toxic line of fescue, they tended to spend more time in the shade
and in water than other cattle (Bond et al., 1978, 1979).
Fescue toxicosis also has been linked to alterations in endocrine profiles. The
most commonly observed alteration seems to be in serum prolactin (PRL) levels. Recent
studies have consistently observed declines in PRL levels in livestock consuming EI
fescue (Hurley et al., 1980; Schillo et al., 1988; Porter and Thompson, 1992, Looper et
al., 2009). Unlike other symptoms, declines in PRL have been observed within a few
days following consumption of toxic fescue (Bolt et al., 1982). Several in vitro studies
also have shown that ergot alkaloids can have a negative impact on the production of
pituitary PRL (Porter et al., 1990b; Strickland et al., 1992). Changes in just this one
hormone can cause a multitude of problems for livestock because PRL has been linked to
a plethora of biological functions. In the case of female mammalian species, PRL has
been linked to mammary function and milking ability (Bartke, 1980) and also aids in
sexual maturity (Stroud et al., 1985). In humans, there also has been evidence indicating
that PRL may play a role in the maturation of oocytes (Oda et al., 1991). In regards to
the male, PRL can affect the release of gonadatropins from the pituitary and influence the
development of accessory sex glands (Bartke, 1980). In a past study conducted on rats,
Prasad et al. (1989) demonstrated that PRL also can inhibit testicular functions. Aside
from PRL, there have been instances in which toxic fescue influenced cortisol
concentration (Browning et al., 1998a) and also plasma melatonin in steers (Porter et al.,
1990a). Other publications indicate that toxic agents associated with EI fescue can
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impact blood progesterone concentrations in mares and luteinizing hormone (LH)
concentrations in cattle (Browning et al., 1997). Decreases in LH production in the bull
could possibly inhibit the stimulation of leydig cells. As a result, testosterone production
would decline and the spermatogenesis process could be impaired (Jones et al., 2004).
Other literature also has indicated that alterations in progesterone and estrodiol
concentrations can be linked to toxic fescue consumption (Burke et al., 2001). These
previously mentioned changes in hormone profiles due to toxic agents help explain
reproductive deficiencies in livestock consuming EI fescue.
In cattle, decreased conception and calving rates have resulted from ingesting EI
fescue (Gay et al., 1988). The reason for this can stem from a multitude of changes that
occur in both the male and female reproductive process. In cows, toxic fescue has been
linked to delayed onset of puberty (Washburn et al., 1989; Washburn and Green, 1991)
and alterations in estrous cycles (Jones et al., 2003). According to Burke et al. (2001),
follicular size and diameter was reduced when cattle consumed EI fescue. In bulls,
scrotal circumference (SC) is commonly used in breeding soundness exams to evaluate
reproductive competency, and changes in scrotal temperatures can result in greater
morphological abnormalities and decreased motility (Skinner and Luow, 1966; Rhynes
and Ewing, 1973). Recent research showed that both SC and scrotal temperatures
declined after ingesting toxic fescue (Jones et al., 2004; Schuenemann et al, 2005). Toxic
fescue has also been associated with declines in sperm motility which could provide a
possible explanation for decreased conception and calving rates. In a previous study with
Brahman-influenced bulls, sperm motility tended to be lower amongst bulls consuming
EI fescue rather than bulls grazing novel endophyte pastures (Looper et al., 2009).
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Coinciding with this data, Jones and her colleagues (2004) observed a decline in bovine
sperm motility during the final two weeks of a 60 d trial, indicating that length of
exposure to EI fescue may influence levels of toxicity within the animal. Furthermore,
Schuenemann et al. (2005) supplemented bulls with an ergot alkaloid diet and evaluated
their fertilizing capabilities in-vitro. They discovered that spermatozoa produced from
bulls consuming ergotamine tartrate were less likely to fertilize an oocyte.
Sperm Anatomy. All mammalian spermatozoa contain a head and a tail which
are connected to each other by the capitellum and the basal plate (Mortimer, 1997). A
plasma membrane coats the entire sperm cell and has two distinguishable parts (Koehler,
1966; Mortimer, 1997). The sperm head contains a homogeneous flattened nucleus
which is surrounded by a cap containing the acrosome and post-acrosomal regions (Saake
and Almquist, 1964; Koehler, 1966). This cap is approximately 0.2 to 0.3 µ thick and is
rich in poly-unsaturated fatty acids (Saake and Almquist, 1964). The primary
responsibility of the sperm head is to transfer a haploid set of chromosomes to the female
gamete (Mortimer, 1997). The tail contains the mid-piece, principal piece, and the end
piece (Fawcett, 1965) and is responsible for sperm movement which is regulated by the
flagellum (Mortimer, 1997). The first two segments of the flagellum are organized into a
structure known as an axoneme, which contains microtubules that contribute to motility.
There are two microtubules located in the center of the flagellum, and they are linked to
nine outer dense fibers (ODF) by a variety of dynein arms and radial spokes (Gibbons
and Grimstone, 1960; Hopkins, 1970). The dynein arms are responsible for linking the
outer microtubules to one another, and the radial spokes attach the nine outer doublets to
the central microtubules. When movement of the flagella occurs, there is a sliding
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process that takes place within adjacent microtubule doublets (Mortimer, 1997). During
this process, the dynein arms experience a cycle in which they continuously attach and
release the adjacent doublets, propagating axonemal bending (Marchese-Ragona and
Johnson, 1990). The mid-piece, located within the axoneme, houses the mitochondria.
The mitochondria is the site of energy production necessary for flagellar movement
(Curry and Watson, 1995). The end piece marks the final piece of the flagellum as it
narrows down to a single microtubule (Mortimer, 1997).
Sperm Motility. Sperm motility is one of the primary measurements used for
predicting sperm viability during a breeding soundness exam. The motility of
spermatozoa is derived within the flagellum (Mortimer, 1997). The sliding of the
doublets, located within the axenome of the flagellum, propagates sperm movement
(Mortimer, 1997). The energy that stimulates sperm motility originates from the dyneinATPase catalyzed hydrolysis of ATP. Regeneration of ATP occurs by the breakdown of
glucose and fructose to lactate during the process of glycolysis and the citric acid cycle
(Ford and Reese, 1990).
Cyclic adenosine monophosphate (cAMP) is an important biochemical
contributor to sperm motility. Cyclic AMP activates cAMP-dependant protein kinases
which contribute to axonemal sliding and flagellar movement (Tash et al., 1982;
Horowitz et al., 1988). The production of cAMP is caused by adenylate cyclase, which
originates from bicarbonate ions during maturation in the epididymas (Morisaw and
Morisaw, 1990; Mohri, 1993). Sperm motility is stimulated by cAMP during epididymal
maturation (Hoskins et al., 1974, 1975). Lindemann (1978) reported that cAMP
increased motility in demembraned spermatozoa. Cyclic AMP phosphodiesterase
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inhibitors also have proven beneficial for enhancing motility of washed bovine
spermatozoa (Garbers et al., 1971).
Calcium also appears to be associated with sperm motility, but its role remains
less clear. It does have some regulatory duties in regards to flagellar beating, but
excessive concentrations can be detrimental to sperm movement (Mohri, 1993). It is
believed that external calcium aids at inducing cAMP production and is necessary for
hyperactivation (Marquez and Suarez, 2004). However, after one episode of freezing and
thawing, increases in intracellular calcium levels seem to damage motility parameters and
reduces fertilizing capabilities (McLaughlin and Ford, 1994). Furthermore, elevated
concentrations of intracellular calcium also leads to the formation of spermicidal
residues, 2’, 4’-dichlorobenzamil (Patni et al., 2001). Recent research by Saberwal et al.
(2002) suggests that calcium hinders dynein ATPase due to dephosphorylate
mechanisms. Another study indicates that calcium reduces intracellular cAMP by
stimulating phosphodiesterases (Wasco et al., 1989).
Cryopreservation and Cryoprotectants. Cryopreservation is a technique used
to preserve spermatozoa for extended periods of time for use at a later date. The entire
cryopreservation process can be simplified into six broad processing steps: extension and
cooling, cryoprotectant application, straw loading, freezing, storage, and thawing
(Hammerstedt et al., 1990). The extender ingredients typically include a buffer (citrate,
TRIS), divalent metal ions, glucose or fructose, and a form of crude lipid (milk, egg yolk)
(Ahmad and Foote, 1986; Hammerstedt et al., 1990). It has been documented that the
addition of antibiotics and detergents may have beneficial affects on sperm survival
(Ahmad and Foote, 1986). Spermatozoa are then cooled at a moderate rate to 4º C
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(Hammerstedt et al., 1990). During this steady cool down, the spermatozoa transition
through a temperature phase (15-20º C), in which the physical integrity of the membrane
begins to change (Hammerstedt et al., 1990). After spermatozoa are loaded into straws,
they are lowered into liquid nitrogen vapor for a period of time before being plunged into
liquid nitrogen for storage (Ahmad and Foote, 1986). The cooling process and freezing
rate is a critical step. It is important that decreases in temperature (approximately 20º
C/min) be monitored at a steady rate that will allow movement of water and
cryoprotectant without inducing intracellular ice crystal formation (Hammerstedt et al.,
1990).
The cryopreservation process itself can be stressful to spermatozoa
(Hammerstedt et al., 1990), even more, preparation procedures that are required to
prepare sperm to go into extender also may induce cellular damage (Agarwal et al., 1994;
Foote et al., 2002). Frozen-thawed bull spermatozoa experience peroxidation more easily
than fresh (Trinchero et al., 1990), and it was demonstrated that up to eight times more
live and motile spermatozoa are required for fertilization after cryopreservation as
compared to fresh semen (Shannon and Vishwanath, 1995). Perhaps this is because
cryopreserved sperm often experience capacitation-like changes (Cormier et al., 1997)
and typically have decreased life expectancy (Watson, 1995). If the sperm do survive
long enough to reach the oviduct, the alterations in the physical integrity of the sperm
head plasma membrane may hinder the ability of sperm to interact with oviductal
epithelial cells (Goldman et al., 1998). Spermatozoa may also encounter problems with
swelling and breaking (Pace et al., 1981) and losses in membrane fluidity and
permeability (Buhr et al., 1989). Studies also indicate that leakage and aggregation of
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phospholipids and proteins may occur along with reduced enzymatic activity (Watson,
1981; Parrish et al., 1988; Thundathil, 1999). The excess exposure to oxygen and light
during processing procedures and centrifugation during the washing phase can cause
increased formation of reactive oxygen species (ROS), leading to reduced sperm motility
as well as damaged genomic integrity (VanDemark et al., 1949; Agarwal et al., 1994;
Foote et al., 2002).
Capacitation. Capacitation is a maturation process in which acrosome-intact
sperm experience a preparation process, which allows spermatozoa to fertilize an oocyte
(Yanagimachi, 1994). In 1995, Storey updated the definition for capacitation and
described the process as a period when mature spermatozoa gain reaction pathways,
which enables them to undergo the exocytotic acrosome reaction in response to an
inducing signal sent from the zona pellucida. Once capacitation occurs, the sperm
membrane begins to destabilize and eventually results in cell death (Harrison, 1996).
Sperm plasma membranes undergo several modifications during epididymal transport to
help protect against untimely induced capacitation (Mortimer, 1997). The primary
changes that occur during this point appear to be an increase in net negative charge
(Langlais and Roberts, 1985), glycosylation of surface contents, and addition of
cholesterol into plasma membrane (Yanagimachi, 1994). In natural mating environments
when spermatozoa are ejaculated in-vivo, they undergo a period in the female
reproductive tract which allows ample time and conditions for capacitation to occur
(Galantino-Homer et al., 1997). Scientists also have found ways to mimic the oviductal
fluid for in-vitro studies by forming solutions that contain electrolytes, metabolic energy
sources, and serum albumin (Yanagimachi, 1994). In many cases, heparin also has been
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used to induce capacitation (Parrish et al., 1988). The exact locations and mechanisms
that control capacitation are still unknown, but recently a multitude of biochemical
contributors have been linked to the process. The previously mentioned modifications
that occur during epididimyl transit are reversed (Voglmayr and Sawyer, Jr., 1986), the
sialic acid residues are removed (Langlais and Roberts, 1985), and respiration rates
increase (Hamner and Williams, 1963). Cholesterol is removed as well, and changes
occur in sperm intracellular ion concentrations, membrane fluidity, calcium
concentration, and cAMP level (Singh et al., 1978; Langlais et al., 1988; White and
Aitken, 1989).
The influx of intracellular calcium concentrations caused by capacitation
(Adeoya-Osiwua and Fraser, 1993) appears to be quite similar to the increase that
O’Flaherty and his colleagues (1999) observed during the freezing of bull spermatozoa.
This information serves as a possible explanation for why the cryopreservation process
induces premature capacitation. Glycosaminoglycans also have been associated with
capacitation due to their ability to alter the properties of the plasma membrane by binding
seminal plasma proteins that are absorbed though the plasma membrane (Miller et al.,
1990; Therien et al., 1995). Further, cyclic nucleotide metabolism and protein
phosphorylation also have multiple responsibilities in regulating sperm functions, one of
them being capacitation (Stein and Fraser, 1984; Parrish et al., 1994). The capacitation
process induces hyperactivity of the sperm (Yanagimiachi and Usui, 1974) and then is
terminated by an acrosome reaction (AR) (Roldan and Harrison, 1993). The AR is
believed to be induced by zona pellucida glycoprotein 3 (ZP3) and occurs on the surface
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of the zona pellucida (Wassarman, 1995). The resulting AR allows the spermatozoa to
penetrate the zona pellucida (Mortimer, 1997).
Lipid peroxidation. Bovine semen is rich in lipids, and the lipid content within
the sperm membrane plays an active role in processes associated with fertilization (Foote
et al., 2002; Agarwal et al., 2008). Under normal physiological conditions sperm are
mostly exposed to anaerobic conditions, which limits the opportunity for oxidative
damage (Foote et al., 2002), but in the presence of excess oxygen, damage may occur due
to lipid peroxidation induced by H2O2 (Bansal and Bilaspuri, 2010). The poly
unsaturated fatty acids that partially make up the sperm membrane are very unstable due
to their double bonds (Bansal and Bilaspuri, 2010). When free radicals attack the double
bonds, the lipid peroxidation cascade occurs, and lipid peroxides begin to accumulate in
the sperm plasma membrane (Sharma and Agarwal, 1996). Phospholipase A2 then causes
the release of lipid peroxides and results in cellular damage (Twigg et al., 1998; Bansal
and Bilaspuri, 2010).
Reactive Oxygen Species. Reactive oxygen species (ROS) result from free
radicals that are generated from enzymatic reactions that occur during cellular signaling
(Bansal and Bilaspuri, 2010). Free radicals occupy only one electron while leaving at
least one unpaired electron (Ho, 1996). Because the free radical has only one electron in
orbit, it is highly reactive. In an effort to become more stable the resulting ROS begin to
scavenge and bind to other molecules, directly causing oxidation that can lead to cellular
damage (Bansal and Bilaspuri, 2010).
Reactive oxygen species can form from many different sources, but the electron
transport chain in the mitochondria seems to be a common derivative amongst
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mammalian spermatozoa (Ho, 1996). Typically O2 is reduced to H2O, but this process
can be disrupted by a slow leakage of superoxide anions and cause free radical
production (Ho, 1996). In bovine semen, dead spermatozoa are a primary source of ROS.
They release an aromatic amino acid oxidase catalyzed reaction which generates free
oxygen species (Sariozkan et al., 2009). Also, leukocytes are primary producers of ROS
in semen (Sharma et al., 2001).
The production of ROS is a necessary process for many physiological functions
and occurs regularly throughout the male reproductive system. Reactive oxygen species
produced from sperm cells are critical for capacitation, acrosome reaction, oocyte fusion,
fertilization, and maintenance of the mitochondrial capsule (Goncalves et al., 2010; Desai
et al., 2009; Agarwal et al., 2008; Rivlin et al., 2004). Formation of ROS is, in part,
responsible for sperm motility as well. Low levels promote cAMP-PKA signaling
cascade, which stimulates sperm motility (O’Flaherty et al, 2006; Wang et al, 2009);
however, under certain conditions, ROS production may exceed the antioxidant
scavenging availability and severely compromise sperm function (Desai et al., 2010).
Bovine spermatozoa contain high levels of polyunsaturated fatty acids and lipid dense
membranes, which are highly susceptible to oxidative stress (Agarwal et al., 2008; Foote
et al., 2002). As suggested by Bansal and Bilaspuri (2010), the ROS attack may cause a
sudden loss of intracellular ATP, leading to a decrease in sperm viability. When this
occurs, spermatozoa may suffer from multiple morphological defects (Aziz et al., 2004),
induced lipid peroxidation (Fraczek and Kurpisz, 2005), and decreases in acrosome
reactions (Lemkecher et al., 2005). There also is growing support that ROS formation
could possibly damage genomic material (Foote et al., 2002; Bilodeau et al., 2001).
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These alterations could explain declines in conception rates during recent IVF studies
(Zorn et al., 2003) and support the assumption that ROS generation can cause male
infertility (Sharma and Agarwal, 1996).
Antioxidants. Antioxidants have shown the ability to reduce ROS production,
therefore, addition of vitamins to sperm cultures is one possible solution to treat this issue
(Foote, 1967; Beconi et al., 1993; O’Flaherty et al., 1997). The scavenging ability of
antioxidants helps neutralize the deleterious effects of free radical production (Askari et
al., 1994; Dalvit et al., 1998; Bansal and Bilaspuri, 2009), and because of their ability to
occupy excess radicals that are in orbit, antioxidants have chain breaking capabilities that
eliminate oxidative stress (Miller et al., 1993; Kumar and Mahmood, 2001).
Antioxidants can be categorized into two primary groups, enzymatic and nonenzymatic. The enzymatic category contains catalase, glutathione peroxidase (GPx),
superoxide dismutase (SOD), and glutathione reductase (GR) (Bansal and Bilaspuri,
2010). The SOD yields O2 and H2O2 via spontaneous dismutase of superoxide anion (O.
2 ),

while the catalase operates by transferring H2O2 to O2 and H2O (Sikka, 1996).

Glutathione reductase assists with control of hydrogen peroxides by reducing hydrogen
peroxides to water and alcohol (Agarwal et al., 2005). The non-enzymatic category is
comprised primarily of ascorbic acid, α-tocopherol, zinc, taurine, glutathione, and
butylated hydroxytoluene (BHT), along with numerous other vitamins and minerals
(Agarwal et al., 2005; Bansal and Bilaspuri, 2010). In the presence of sperm, these nonenzymatic antioxidants act as scavengers, reducing agents, and divalent chelators (Tarin
et al., 1998; Bansal and Bilaspuri, 2010).
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Spermatozoa and seminal plasma are naturally equipped with an antioxidant
defense mechanism that helps prevent oxidative stress (Kim and Parthasarathy, 1998).
Although both seminal fluid and sperm contain antioxidants, they are typically more
abundant in seminal fluid because spermatozoa have little capacity for antioxidants and
protein synthesis (Zini et al.; 1993). Unfortunately, because of the presence of seminal
plasma motility inhibitor generated from semenogelin I and II (Murakami et al., 1998;
Yoshida et al., 2003), most cryopreservation techniques require the removal of the
seminal plasma, leaving spermatozoa vulnerable to excess free radicals. The primary
detoxification antioxidants found in bovine semen are catalase, GPx, and SOD (Bilodeau
et al., 2000). However, several others, such as α-tochopherol (Beconi et al., 1991 and
1993), albumin (Alvarez and Storey, 1983), cysteine (Meister and Tate, 1976), and
butylated hydroxytoluene (Graham and Hammerstedt, 1992) have proven beneficial for
combating cellular damage. Under normal conditions, antioxidant concentrations found
in sperm are abundant enough to counter oxidative stress, but semen processing
techniques promote oxidative stress, and diminishe the natural antioxidant supply
(Anghel et al., 2009). Research suggests that antioxidant supplementation may benefit
sperm viability by reducing the cellular damage (Foote et al., 2002; O’Flaherty et al.,
1997; Beconi et al., 1993). For example, albumin is linked to transitional metal ions and
has the ability to decrease the production of OH- radicals, therefore, it has been identified
as a useful extracellular antioxidant for eliminating lipid peroxidation (Alvarez and
Storey, 1983). Similarly, cysteine has a protective role against toxic oxygen metabolites
(Meister and Tate, 1976). Graham and Hammerstedt (1992) reported that BHT serves as
a useful antioxidant when used during cryopreservation of bovine spermatozoa. Also,
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numerous studies recommend adding tocopherol and ascorbate to sperm culture media at
manageable concentrations (Beconi et al., 1993; Uysal et al., 2007; Bansal and Bilaspuri,
2009). However, not all instances of antioxidant supplementation have been beneficial,
because excess antioxidants may lead to hypertonic media (Anghel et al., 2009). Several
recent studies indicated that vitamin E and C may lead to sperm DNA damage (Hughes et
al., 1998; Donnelly et al., 2000), or at the minimum, have no beneficial effects (Yenilmez
et al., 2006). Dalvit et al. (1998) reported that co-incubation with vitamin E and C
resulted in decreased conception rates during in vitro fertilization. It appears that the
benefits are antioxidant dependant and species specific, and must be kept within certain
thresholds.
Vitamin E. Vitamin E is the name assigned to a group of lipid soluble
tocopherols and tocotrienols that have antioxidant capabilities (Brigelius-Flohe and
Traber, 1999; Horton et al., 2002). It serves as the primary membrane protector in
spermatozoa (Yousef et al., 2003) and is believed to be the initial defense mechanism
against the peroxidation of polyunsaturated fatty acids (Liebler, 1993). Vitamin E
performs its antioxidant duties by attracting the unoccupied radicals, such as peroxyl and
alkoxyl that result from ferrous ascorbate-induced peroxidation (Bansal and Bilaspuri,
2009), and yields a non-radical product, along with the tocopheroxyl radical (Liebler,
1993). Typically, vitamin E concentrations found in seminal plasma vary from 0.3-0.5
µm/l (Anghel et al., 2009). When spermatozoa encounter stressful circumstances, lipid
radical production may exceed this level (Anghel et al., 2009).
Vitamin E has a protective role on lipid membranes found in bovine spermatozoa
(Beconi et al., 1993; Uysal et al., 2007). Addition of vitamin E to cryoprotectants
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benefited post-thaw measurements such as motility and improved membrane integrity of
bovine spermatozoa (Uysal et al., 2007). Bansal and Bilaspuri (2009) reported that 2 mM
of vitamin E is the best concentration to help preserve sperm motility. According to
Askari et al. (1994), concentrations as high as 10 mM still benefit post-thaw sperm
parameters. Several studies also have suggested that vitamin E supplementation can
provide protection against sperm DNA damage (Lopes et al., 1998; Russo et al., 2006).
Vitamin C. Vitamin C is a unique and versatile biomolecule that appears to have
an important role in preserving the male gamete. It is very unstable and is negatively
influenced by increases in pH and temperature (Leung et al., 1981). It is unique in part
because it is a water soluble antioxidant that can still interact with sperm membranes
(Leung et al., 1981; Bascetta et al., 1983), and also because it’s functional role seems to
change at various concentrations (Reese and Slater, 1987). Ascorbic acid protects
proteins from experiencing damage when exposed to free radicals by serving as an
antioxidant (Gecha and Fagan, 1992). The antioxidant capabilities of vitamin C is
credited to its redox potential (Niki, 1991). According to Dalvit et al. (1998), the
antioxidant potential of ascorbic acid also could be dependent on vitamin E regeneration.
It also has prooxidant properties because of its ability to reduce ferrous ions (Niki, 1991).
There has been contrasting reports regarding the ideal concentration of ascorbic
acid for preventing ROS (Reese and Slater, 1987). At low concentrations it is believed to
serve as a pro-oxidant, and it gains its antioxidant capabilities at higher concentrations.
According to Reese and Slater (1987), 1 to 2 mM is the optimal threshold for ascorbic
acid supplementation in sperm cultures. On the other hand, Liu and Foote (1995)
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reported that concentrations of 5 mM or greater had minimal effects on the degradation of
sperm membranes during incubation.
Multiple studies have shown that ascorbic acid is beneficial to spermatozoa
during semen processing techniques. Ascorbic acid offers defense mechanisms to help
preserve metabolic activity and cellular viability in cryopreserved bull sperm (Beconi et
al., 1991, 1993). It also has a protective effect against lipid peroxidation during
cryopreservation, leading to less capacitated spermatozoa (Askari et al., 1994). Ascorbic
acid also protects against endogenous oxidative damage in human sperm and improves
sperm DNA integrity (Fraga et al., 1991). In contrast, when ascorbic acid was added to
fertilization media without vitamin E, it had no beneficial effect on fertilization rates
(Dalvit et al., 1998). Furthermore, addition of ascorbic acid along with vitamin E
appeared to decrease fertilization rates when added to IVF media (Dalvit et al., 1998).
Even though Dalvit and his colleagues reported these observations during IVF, this data
does not disprove that vitamin E and C could be beneficial during cryopreservation.
Relationship between Vitamin E and C. Both vitamins have antioxidant
activities, but work in a different fashion. Vitamin E acts as a radical scavenger (Bansal
and Biluspari, 2009), and ascorbic acid serves as a donor antioxidant. Together, the two
form a relationship that benefits one another by creating a cycle that regenerates each
other. The phenol group of tocopherol is known as the antioxidant mechanism of vitamin
E. The phenol group is located within the water interface membrane of the biological
membrane, which makes for any easy interaction with the water soluble ascorbate (Bisby
and Ahmed, 1989; Van Acker et al., 1993). When ascorbate and tochopheral interact,
ascorbate restores the tocopheroxyl radical of tocopheral and refurbishes the chain
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breaking capabilities of vitamin E (Buettner, 1993). Because ascorbic acid aids in the
regeneration of α-tochopherol, it is believed that the two can benefit each other in sperm
media.
Summary
Bulls are typically responsible for breeding multiple cows. Therefore, male
reproductive incompetence could result in significant economic losses. Spermatozoa that
encounter stressful environments associated with plant toxins and semen processing
techniques can severely limit fertilizing capabilities. Not only has toxic tall fescue been
linked to sperm defects, but semen processing techniques can cause stressful conditions
that decrease sperm viability. Complete eradication of toxic tall fescue is highly unlikely,
and the demand for alternative reproductive techniques continues to be a relevant
breeding option. Therefore, discovering alternative ways to combat this issue seems to
be a more feasible option. These concepts serve as the primary reason for my
investigations in eliminating stress on spermatozoa and preserving sperm viability.
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CHAPTER 2

EFFECTS OF ERGOT ALKALOIDS ON BOVINE SPERM MOTILITY
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ABSTRACT
Toxic tall fescue grass has been associated with reduced reproductive rates in
cattle. This study was conducted to determine the direct effects of the ergot alkaloids
[ergonovine (EN), ergotamine (ET), and dihydroergotamine (DHET)] on motility of
bovine spermatozoa. Spermatozoa were collected from mature Angus (n = 2) and
Balancer (n = 4) bulls. Spermatozoa were washed once and resuspended in modified
sperm medium (mSPTL). The experimental design was a randomized complete block,
with bull serving as the block. Treatments were structured as a 3x5 factorial with three
alkaloids (EN, ET, DHET) and five concentrations of each drug (0 µM, 33 µM, 66 µM,
100 µM, 200 µM). Spermatozoa (25 x 106) were incubated in 1 mL of mSPTL with
treatment at 39° C. Sperm motility characteristics were evaluated at 0 h, 3 h, and 6 h
using CASA (Hamiliton Thorne IVOS, Beverly, MA). Initial sperm motility was (69 +
1.7 %) and declined to (35 + 2.6 %) at 6 h. Percentage of motile spermatozoa was
affected (P = 0.015) by a three way interaction between time, concentration, and alkaloid.
Sperm motility decreased (P < 0.01) over time and with increasing concentrations of
alkaloid with the exception of EN. The number of static spermatozoa also was affected
(P < 0.01) by a three way interaction and increased as ET and DHET concentrations
increased. Percentages of progressively motile and rapidly motile spermatozoa decreased
(P < 0.01) in a two way interaction between alkaloid and concentration. Overall, sperm
motility was decreased by ET and DHET. Furthermore, the qualities of motility as
represented by progressive, rapid, path velocity (VAP), progressive velocity (VSL), track
speed (VCL), beat frequency (BCF), lateral amplitude (ALH), straightness (STR),
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elongated, and area were decreased by those alkaloids. These data verify that ergot
alkaloids commonly found in toxic tall fescue are detrimental to bovine spermatozoa.
Introduction
It has been well documented that cattle consuming toxic tall fescue may suffer
from numerous physiological consequences, resulting in significant economic losses for
cattle producers annually (Paterson et al., 1995). Three-fourths of all tall fescue pastures
in the Unites States are infested with endophyte at a level of at least 60% (Oliver et al.,
2000). Ergot alkaloids located within the endophytic fungus have been associated with
toxic effects on livestock (Lipton, 1997; Jones et al., 2003). More specifically, they have
been linked to depressed reproductive performance (Porter and Thompson, 1992;
Browning et al., 1998; Burke et al., 2001; Jones et al., 2003). Much of the previous
research has focused on the reproductive parameters of females, such as altered endocrine
profiles (Browning et al., 1998; Burke et al., 2001), changes in the estrous cycle (Jones et
al., 2003) and decreased progesterone concentrations (Peters et al., 1992). More recently,
more attention has been shifted toward the effects of endophyte infected (EI) fescue on
male reproduction (Schuenemann et al., 2005; Looper et al., 2009).
Jones et al. (2004) showed that bulls supplemented with toxic fescue seed had
increased scrotal temperatures and decreased scrotal circumference (SC). Also,
Brahman-influenced bulls consuming EI fescue had decreased sperm motility during the
summer months (Looper et al., 2009), and the consumption of ergot alkaloids reduced the
fertilizing capabilities of spermatozoa (Schuenemann et al., 2005). The previously stated
studies were structured around whole animal trials, and they suggest that toxic fescue can
alter sperm function and fertilizing capabilities. However, they do not fully illustrate
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what influence ergot alkaloids may have on the male gamete. Wang et al. (2009) showed
certain ergot alkaloids do use specific signaling pathways to interact with spermatozoa.
Therefore, the objective of this study was to further investigate the effects ergot alkaloids
have on bovine sperm motility characteristics by using computer assisted sperm analysis
(CASA).
Materials and Methods
Semen Collection and Preparation
Semen was collected from mature Angus (n = 2) and Balancer (n = 4) bulls at
0700 h via electro-ejaculation (Electroejac IV) and placed in a 15-mL conical centrifuge
tube. Ejaculates were transported to the lab in a 39º C water bath where spermatozoa
were centrifuged at 750 x g for 10 min. Seminal plasma was removed, and spermatozoa
were washed once and re-suspended in modified sperm TALP (mSPTL) (Parrish et al.,
1988). The mSPTL was prepared prior to collection and consisted of: NaCL (49.5 mM),
KCL (1.5 mM), NaH2PO4 (0.17 mM), CaCL2·2H2O (0.10 mM), MgCL2·2H2O (0.055
mM), 5.25% NaHCO3 (0.16 ml), HEPES (10 mM), Na-pyruvate (1 mM), 60% Na-lactate
syrup (21.6 mM), gentamicin (0.05 mg), EGTA (2 mM), and PVA (0.05 mg) with pH
adjusted to 7.4 and an osmolarity of ~300 mOsm. Spermatozoa were diluted 25:1,
counted using an integrated visual optical system [(IVOS) Hamilton-Thorne Biosciences,
Beverly, MA], and placed in experimental treatments (25 x 106 sperm/ml).
Preparation of alkaloid Treatments
All alkaloids were prepared directly prior to incubation with spermatozoa.
Methanol (100%) was used as the solvent to prepare each alkaloid [ergonovine (EN),
ergotamine (ET), dihydroergotamine (DHET)]. The stock solutions were aliquoted into
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experimental concentrations (0, 33, 66, 100, 200 µM) in sterile flat-bottom 24-well tissue
culture plates and evaporated. Alkaloids were resuspended in mSPTL.
Experimental Design
Experimental design was a randomized complete block, with bull serving as the
block. Treatments were structured as a 3 x 5 factorial with three alkaloids (EN, ET,
DHET) and five concentrations of each alkaloid (0, 33, 66, 100, 200 µM). Spermatozoa
(25 x 106) were incubated in 1 mL of mSPTL with treatment at 39º C in an atmosphere of
humidified air. Sperm motility characteristics were evaluated at 0, 3, and 6 h of
incubation. Spermatozoa were evaluated by placing them on a warm slide and assessed
using a Hamilton Thorne IVOS (Hamilton-Thorne Biosciences, Beverly, MA) utilizing
Animal Motility Software, version 12.1.
Statistical Analysis
Sperm motility characteristics were analyzed using mixed model procedure
(SAS). Bull served as the block, experimental unit was the concentration within alkaloid,
and time was the repeated measure. If the F-test were significant (P < 0.05), means were
separated using multiple t-tests.
Results
Sperm motility was inhibited by a three-way interaction between hour, alkaloid,
and concentration. Both ET and DHET reduced sperm motility in a concentration and
time dependent manner (P < 0.05). When compared to control spermatozoa (0 µM
alkaloid), spermatozoa exposed to ET (≥ 33 µM) for 3 h and (≥ 66 µM) for 6 h were less
motile (P < 0.05; Figure 2.1). Similar affects were observed for DHET, as concentrations
of 66 µM and above reduced (P < 0.05) sperm motility (Figure 2.2). Ergonovine had
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minimal effects on sperm motility until the 6 h observation at 200 µM (P < 0.05).
Similarly, static spermatozoa also were affected by a three-way interaction between
alkaloid, concentration, and time. As ET and DHET concentrations increased, the
number of static spermatozoa also increased (Table 2.2). For progressive and rapid
spermatozoa, a two-way interaction was observed. Both ET and DHET reduced (P <
0.05) the percentage of progressive (Figure 2.3) and rapid (Figure 2.4) spermatozoa when
concentrations reached 66 µM and greater. Further, sperm motility characteristics VAP,
VSL, VCL, ALH, BCF, STR, elongated, and area (as described in Table 2.1) also were
inhibited. We observed a three-way interaction for both VAP and VCL, and the others
were involved in two-way interactions (Table 2.3, 2.4, 2.5).
Discussion
There has been conflicting data published showing the effects of toxic agents
found in EI fescue on the male gamete, but our results demonstrate that ergot alkaloids
can directly affect bovine sperm motility. More specifically, ET and DHET reduced
motile, progressive, rapid, and static spermatozoa and altered multiple other sperm
characteristics associated with sperm viability. These data provide a possible explanation
for decreased conception rates and declined reproductive performance amongst cattle
grazing toxic fescue. As we try to discover different alternatives to combat fescue
toxicosis, it is important that we understand all mechanisms and specific alkaloids that
could possibly reduce the animals reproductive capabilities.
The altered sperm parameters observed in our study were somewhat similar to
Wang et al. (2009); however, their method of evaluating sperm motility utilized
subjective measures. According to Farrell et al., (1998), the repeatability and consistency
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within each sperm evaluation is likely to be more accurate using CASA rather than
subjective measures. In fact, Farrell’s group reported a repeatability of 0.99 when using
CASA. This also could provide a valid explanation for the contrasting results
encountered with many other trials. For example, with the use of a microscope,
Schuenemann et al., (2005) documented that sperm motility and morphology was not
affected when bulls were supplemented with ET in their diet. However, in the current
study, ET proved to significantly reduce sperm motility.
The use of CASA allowed us to evaluate both quality and quantity of sperm
motility. Although sperm movement is important, it is not the only criteria necessary for
a sperm to fertilize an oocyte. The ability of the sperm to progress forward into the
reproductive tract in an efficient manner also is critical to achieve conception (Hinting et
al., 1988). Results, in this report, not only showed declines in overall motility, but we
also observed reductions in progressive and rapid spermatozoa. These results confirm
our earlier work where we observed the average velocity of the smoothed sperm path as
well as the average velocity measured over the actual point to point track became slower
with elevated temperatures and increased in-vivo exposure to ergot alkaloids (Looper et
al., 2009). We also demonstrated that the percentages of static spermatozoa increased
due to the effects of ET and DHET. It appears that ET and DHET exasperate the
intracellular energy of the sperm, and thereby, accelerate the pace at which sperm
undergo apoptosis. We also observed morphological changes in the size and shape of the
sperm head as exposure time and alkaloid concentration increased.
The previously mentioned alterations in scrotal temperature and SC along with
changes in prolactin concentrations are just a few of the physiological changes that occur
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after ingestion of EI fescue (Hurley et al., 1981; Jones, 2004), and these changes may be,
in part, responsible for reducing sperm viability under normal physiological conditions.
It is known that thermal regulation of the testis and prolactin levels are both important
factors that can regulate the development of sperm (Waites et al., 1970; Barth and Oko,
1989; Karabinus et al., 1997; Hair et al., 2002).
In two of the more current whole animal studies, both Looper et al., (2009) and
Jones et al., (2004) observed a small decline in sperm motility. Although it is important
to understand how cattle react to toxic agents under normal grazing conditions, it is
important to note that breed type and exposure period may have affected their results.
Looper’s trial utilized Brahman-influenced bulls which are known for their heat tolerance
(Blackshaw and Blackshaw, 1994). Therefore, it may be that Brahman-influenced bulls
withstand the toxic effects of EI fescue better than other breed types. Even though sperm
motility was not greatly affected over the entire length of the study, Jones’s article did
state that motility decreased during the final two weeks of the 60 d trial. Perhaps, bulls
with a longer exposure period may begin to respond differently. It is also known that
elevated environmental temperatures can magnify the effects of toxic fescue (Burke et al.,
2001). Ultimately, there are many factors that could possibly influence whole animal
trials such as breed type, exposure period, toxicity levels, temperature, and body weight.
By taking an in-vitro approach to this study we were able to determine if ergot alkaloids
directly interact with spermatozoa.
It is still unknown exactly what mechanisms ergot alkaloids use to inhibit sperm
motility. The chemical structures of the three alkaloids used in this study could possibly
explain the observation differences amongst the alkaloids. Both ET and DHET are
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classified as ergopeptines (Yates and Powell, 1988). In theory, it seems logical that
inhibitory effects of DHET were slightly less intense than ET because DHET was
originally synthesized to be a more stable version of ET for use in the pharmacological
realm (Madlom, 2002). Ergonovine, the smallest structure of the three, is a simple
lysergic acid amide that doesn’t contain a peptide group (Madlom, 2002). Ergonovine
decreased sperm motility when exposure occurred during cryopreservation (Gallagher
and Senger, 1989), and increased rate of sperm transport when placed in the vagina of
ewes (Hawk et al., 1984). Even though a reduction in sperm motility was observed when
exposed to large amounts of EN (200 µM), overall, EN had a minimal affect on bovine
sperm motility. Ergot alkaloids are lipid soluble and presumably can permeate readily
across sperm membranes. Sperm motility is dependent on many cellular functions
including cAMP and calcium concentrations (Lindemann, 1978; Wasco et al., 1989;
Saberwal et al., 2002). It is plausible that ergot alkaloids can directly affect sperm
motility by altering cAMP and calcium levels within the germ cell. Fertilizing capacity
and motility also may be compromised by ergot alkaloid interaction with plasma
membrane receptors on spermatozoa (Wang et al., 2009).
It seems highly unlikely that producers will eradicate EI fescue stands because of
its persistence and agronomic benefits, so establishing a method to help overcome the
negative consequences toxic fescue has on reproductive performance seems to be the
more feasible option. To do this, scientist must retrieve more knowledge of the toxic
agents and their mechanism of action. This study provides a better understanding of the
role ergot alkaloids have on male reproduction. It is also one of the few studies that took
an in-vitro approach suggesting that ergot alkaloids can directly affect bovine sperm
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motility. Unfortunately, ergot alkaloid concentrations are not yet known under normal
physiological conditions, but with the knowledge that these toxic agents can directly
hinder sperm motility, we can further address the mechanisms used to inhibit sperm
function.
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Figure 2.1 Effects of ergotamine (ET) concentration and incubation time on bovine
sperm motility. Spermatozoa (25 x 106 sperm/ml) were incubated with ET at various
concentrations (0-200 µM) in modified sperm TALP (mSPTL). Sperm motility
characteristics were evaluated at 0, 3, 6 h. Initial motility was 68% and SEM = 4.1.
Superscripts a,b,c,d are designated to the 3 h column and superscripts z,y,x are designated
to the 6 h column. Values in columns (within an evaluation time) without a common
superscript letter differ (P < 0.05).
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Figure 2.2 Effects of dihydroergatamine (DHET) concentration and incubation time on
bovine sperm motility. Spermatozoa (25 x 106 ml-1) were incubated with DHET at
various concentrations (0-200 µM) in modified sperm TALP (mSPTL). Sperm motility
characteristics were evaluated at 0, 3, 6 h. Initial sperm motility was 67% and SEM =
4.1. Superscripts a,b,c are designated to the 3 h column and superscripts z,y,x are
designated to the 6 h column. Values in columns (within an evaluation time) without a
common superscript letter differ (P < 0.05).
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Figure 2.3 Effects of alkaloid and concentration interaction on progressive sperm
motility. Spermatozoa (25 x 106 ml-1) were incubated with alkaloid [ergonovine (EN),
ergotamine (ET), dihydroergotamine (DHET)] at various concentrations (0-200 µM) in
modified sperm TALP (mSPTL). SEM = 3.0. Values in columns (within concentration)
without a common superscript letter differ (P < 0.05).
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Figure 2.4 Effects of alkaloid and concentration interaction on rapid sperm motility.
Spermatozoa (25 x 106 ml-1) were incubated with alkaloid [ergonovine (EN), ergotamine
(ET), dihydroergotamine (DHET)] at various concentrations (0-200 µM) in modified
sperm TALP (mSPTL). SEM = 3.5. Values in columns (within concentration) without a
common superscript letter differ (P < 0.05).
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Table 2.1 Sperm Variables measured by Hamilton-Thorne IVOS (Hamilton-Thorne Biosciences, Beverly, MA)
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Variable
Motile
Progressive
Rapid
Medium
Slow
Static
Path Velocity (VAP)
Progressive Velocity (VSL)
Track Speed (VCL)
Lateral Amplitude
Beat Frequency (BCF)
Straightness
Linearity
Elongation
Area

Description
% of total sperm moving at a track velocity ≥30 µm/sec and progressive velocity ≥15 µm/sec
% of total sperm moving at a track velocity ≥50 µm/sec and straightness ≥70%
Progressive % with path velocity >50 µm/sec
Progressive % with path velocity <50 µm/sec but >30 µm/sec
% of total sperm moving at a path velocity <30 µm/sec and progressive velocity <15 µm/sec
Sperm with no movement at all
Average velocity of the smoothed cell path (µm/sec)
Average velocity measured in a straight line from the beginning to the end of the track
Average velocity measured over the point-to-point track
Mean width of the head oscillation as the sperm swims
Frequency of sperm head crossing the sperm average path in either direction
Measures departure of average sperm path from straight line (ratio of VSL/VAP)
Measures departure of actual sperm path from straight line (ratio of VSL/VCL)
Ratio of head width to head length (%)
Average size in square microns of all sperm heads

Table 2.2 Three-way interaction between incubation time, alkaloid, and concentration on static bovine sperm
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Time (h)
3
3
3
3
3
6
6
6
6
6
SEM
P value

Conc. (µM)
0
33
66
100
200
0
33
66
100
200
-

ET
a
21.5
ab
30.5
dc
48.3
ed
60.3
e
63.1
ab
28.8
bc
40.8
e
61.3
f
76.5
f
80.5
4.4
0.003

DHET
a
25.1
a
25.0
bc
45.6
cd
55.6
d
59.8
a
27.5
ab
34.6
bc
46.5
cd
54.8
e
78.0
4.4
0.003

EN
a
22.1
a
22.3
a
21.8
a
24.1
a
24.8
a
27.0
a
23.8
a
24.5
a
33.5
a
25.6
4.4
0.003

a,b,c,d,e,f superscripts within motility characteristic; means without common superscripts differ (P < 0.05)
Time 0 h measurements: ET (19.7), DHET (16.8), EN (15.8)

Table 2.3 Two way interaction between incubation time and concentration on bovine sperm motility characteristics
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Time (h)
3
3
3
3
3
6
6
6
6
6
SEM
P value

Conc. (µM)
0
33
66
100
200
0
33
66
100
200
-

VAP
a
103.7
ab
99.1
ab
94.4
b
88.9
b
87.9
ab
95.5
b
92.4
b
88.3
c
75.6
d
53.4
4.0
0.001

VSL
a
85.6
a
84.8
ab
78.4
bc
72.1
bc
71.9
ab
79.6
ab
76.5
bc
72.5
c
62.3
d
43.5
3.9
0.005

VCL
a
170.8
ab
159.7
ab
158.4
bc
148.9
bc
144.8
ab
156.0
ab
156.1
bc
148.4
c
131.2
d
88.1
6.6
0.0001

BCF
abc
31.2
a
33.9
ab
31.4
cde
27.3
e
25.1
abc
31.1
ab
31.8
bcd
29.3
de
26.6
e
23.4
1.4
0.05

STR
ab
80.9
a
83.0
ab
80.5
ab
79.5
ab
78.0
ab
81.3
ab
80.8
ab
81.3
b
75.3
c
62.0
2.5
0.003

Elong
a
46.7
abc
42.5
abc
42.8
c
41.0
bc
41.7
ab
45.4
abc
44.0
bc
41.6
c
40.3
d
32.4
1.6
0.02

a,b,c,d,e superscripts within motility characteristic; means without common superscripts differ (P < 0.05)

Area
ab
5.9
ab
5.9
b
5.8
b
5.2
b
5.6
b
5.8
a
6.5
b
5.8
b
5.4
c
4.4
0.23
0.001

Table 2.4 Two way interaction between alkaloid and concentration on bovine sperm motility characteristics
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Alkaloid
ET
ET
ET
ET
ET
DHET
DHET
DHET
DHET
DHET
EN
EN
EN
EN
EN
SEM
P value

Conc. (µM)
0
33
66
100
200
0
33
66
100
200
0
33
66
100
200
-

VAP
a
101.8
ab
99.1
ab
95.3
cd
82.0
d
71.1
a
103.4
ab
100.3
ab
96.4
bc
90.1
cd
79.9
a
105.2
a
103.2
a
102.1
a
103.7
a
101.8
4.0
0.02

VCL
a
166.8
a
162.9
a
157.7
b
135.1
b
120.7
a
170.6
a
165.9
a
163.0
a
157.7
b
128.0
a
172.4
a
169.9
a
169.0
a
170.4
a
167.2
6.6
0.02

BCF
ab
31.9
a
33.5
ab
30.8
de
26.0
cde
26.4
ab
31.6
a
32.8
abc
30.4
bcd
28.1
e
22.6
ab
32.2
a
32.8
a
32.9
a
33.2
a
32.8
1.4
0.01

Ergotamine (ET), Dihydroergotamine (DHET), Ergonovine (EN)
a,b,c,d,e superscripts within motility characteristic; means without common superscripts differ (P < 0.05)

Table 2.5 Two way interaction between alkaloid and incubation time on bovine sperm motility characteristics
Alkaloid
ET
ET
ET
DHET
DHET
DHET
EN
EN
EN
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SEM
P value

Time (h)
0
3
6
0
3
6
0
3
6
-

VAP
ab
109.8
d
87.8
e
72.0
a
111.3
cd
94.3
e
76.5
a
112.7
bc
102.2
94.6cd

VCL
ab
181.3
d
146.0
e
118.2
a
184.8
cd
155.1
e
131.3
ab
182.5
bc
168.5
158.4cd

3.1
0.02

5.1
0.004

Ergotamine (ET), Dihydroergotamine (DHET), Ergonovine (EN)
a,b,c,d,e within motility characteristic; means without common superscripts differ (P < 0.05)

ALH
a
6.6
a
5.8
b
4.6
a
6.5
a
5.9
a
5.9
a
6.4
a
6.3
a
6.2
0.29
0.04

CHAPTER 3

ADDITION OF ALPHA TOCOPHEROL AND ASCORBIC ACID TO BOVINE
SPERM CULTURE MEDIA AND CRYOPRESERVATION EXTENDER
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ABSTRACT
The purpose of this study was to determine if ascorbic acid and α-tocopherol, both
individually and in combination, prevent sperm damage during different storage methods;
and if so, what are the optimal concentrations at which they should be supplemented.
Semen was collected from mature Angus bulls (n = 4), washed once, and placed into
experimental treatments. The experimental design was a randomized complete block,
with bull serving as the block. Treatments were structured as a 4x4 factorial with four
concentrations of ascorbic acid (0, 5, 10, 20 mM) and four concentrations of αtochopherol (0, 0.05, 0.5, 5 mM). Spermatozoa were either incubated with treatment in
modified sperm TALP (mSPTL) or cryopreserved in liquid nitrogen using egg yolk
extender. Sperm motility characteristics were evaluated using computer assisted sperm
analyses (CASA) (Hamiliton Thorne IVOS, Beverly, MA) at 0, 4, and 8 h of incubation
with treatment and post cryopreservation. Initial sperm motility was (79.8% + 1.6) and
decreased to (4.9 %+ 1.6) after cryopreservation. There was an interactive effect between
ascorbic acid concentration and storage method on the bovine sperm motility
characteristics: motile, progressive, rapid, track speed (VCL), and straightness (P < 0.05).
A bull by ascorbic acid interaction (P < 0.05) was observed for motile, progressive, rapid,
path velocity (VAP), progressive velocity (VSL), and VCL characterstics. Alpha
tocopherol had no affects on sperm motility characteristics. Lipid peroxidation was
affected (P < 0.01) by bull and ascorbic acid. Malondialdehyde concentrations for
ascorbic acid treatments (0, 5, 10, 20 mM) were 3.25, 4.2, 2.96, and 2.15 µM respectively
(Figure 3.1). These data suggest that ascorbic acid can alter sperm motility and lipid
peroxidation during storage of bovine spermatozoa.
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Introduction
Current semen processing techniques have been linked to decreased sperm
viability, and therefore, are associated with declines in bovine conception rates (Sharma
and Agarwal, 1996; Agarwal et al., 2006). The ability of spermatozoa to navigate the
female reproductive tract and penetrate the oovum is essential for fertilization to occur.
Semen processing techniques associated with artificial reproductive techniques (ART)
reduce sperm motility and induce cellular damage (Agarwal et al., 2006). Bilodeau et al.
(2000) reported that cryopreservation depletes spermatozoa of their natural antioxidant
supply, which results in increased cellular damage. Under these circumstances, free
radical production is increased resulting in heightened oxidative stress (Trinchero et al.,
1990; Agarwal et al., 1994). Research is needed to help identify possible storage
modifications that may prevent sperm damage.
Antioxidants have scavenging abilities that help quench free redicals (Askari et
al., 1994; Dalvit et al., 1998; Bansal and Bilaspuri, 2009). Therefore, previous research
has utilized antioxidant supplementation in sperm cultures mediums and cryopreservation
extenders to help prevent oxidative stress (Foote et al., 2002; O’Flaherty et al, 1997;
Beconi et al., 1993). For example, cysteine has shown to have beneficial affects on
sperm function (Meister and Tate, 1976), and superoxide dismutase (SOD) was found to
be a useful antioxidant for preventing premature capacitation (O’Flaherty et al., 1997).
Supplementation of other natural antioxidants, such as ascorbic acid and α-tocopherol,
have produced conflicting results (Dalvit et al., 1998; Uysal et al., 2007; Anghel et al.,
2009; Bansal and Bilaspuri, 2009), suggesting there is and optimal threshold at which
antioxidant supplementation is beneficial. The purpose of this study was to determine if
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ascorbic acid and α-tocopherol, both individually and in combination, prevent sperm
damage; and if so, what are the optimal concentrations at which they should be
supplemented.
Materials and Methods
Semen Collection and Preparation
Semen was collected from mature Angus bulls (n = 4) at 0700 hours via electroejaculation (Electroejac IV) and placed in 15 mL conical centrifuge tube. Ejaculates
were transported to the lab in 39º C water bath and centrifuged at 750 x g for 10 min.
Seminal plasma was removed, and spermatozoa were washed once and re-suspended in
either modified sperm TALP (mSPTL) (Parrish et al., 1988) or fraction A of the
cryopreservation extender, depending on storage method. All culture media and extender
was prepared prior to semen collection. The previously prepared mSPTL consisted of:
NaCL (49.5 mM), KCL (1.5 mM), NaH2PO4 (0.17 mM), CaCL2·2H2O (0.10 mM),
MgCL2·2H2O (0.055 mM), 5.25% NaHCO3 (0.16 ml), HEPES (10 mM), Na-pyruvate (1
mM), 60% Na-lactate syrup (21.6 mM), gentamicin (0.05 mg), EGTA (2 mM), and PVA
(0.05 mg) with pH adjusted to 7.4 and an osmolarity of ~300 mOsm. Spermatozoa (25 x
106) placed in mSPTL were incubated with treatments (1 ml) in 5 ml tubes and evaluated
at 0, 4, and 8 h post exposure to treatment. Spermatozoa used for cryopreservation were
placed in fraction A (1 ml) of the extender and cooled to 5º C.
Cryopreservation
A stock solution of sterile extender containing TRIS Base (200 mM), citric acid
monohydrate (6.6 mM), D-fructose (55.5 mM) was made. Two fractions of sperm
extender were prepared with a pH of 6.56 and an osmolarity of ~290 mOsm. Fraction A
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consisted of sterile extender stock solution and egg yolk (20%). Fraction B contained
heat treated organic milk, and glycerol (14%). Spermatozoa (2 x 108) were placed in 5
ml screw top tubes containing fraction A and treatment (1 ml). Treatments were stored in
the cool room until their temperature reached 5º C. Fraction B (5º C), containing
experimental treatment, was added step wise every 10 min [10% (100 µl), 20% (200 µl),
30% (300 µl), 40% (400 µl)] until the final volume of extender reached 2 ml (1 ml
fraction A, 1 ml fraction B). The samples were left to equilibrate for 3 h. The extended
spermatozoa (50 x 106/0.5 ml) were loaded into 0.5 ml straws and placed in a rack to
prepare for cryopreservation. The heat sealed straws were lowered into liquid nitrogen
vapor at -15º C/min (1 inch/min) starting at -10º C and then held for 10 min at -100º C.
Straws were then plunged into liquid nitrogen and stored for evaluation at a later date.
Preparation of Antioxidant Treatments
All antioxidant were purchased from Sigma Aldrich and treatments were prepared
prior to incubation with spermatozoa. Antioxidants (ascorbic acid and α-tochopherol)
were diluted in mSPTL or cryopreservation extender, both individually and in
combination, to form stock solutions. Sixteen stock solutions were prepared for each
mSPTL, fraction A, and fraction B.
Experimental Design
Treatments were structured as a 4x4 factorial with four concentrations of ascorbic
acid (0, 5, 10, 20 µM) and four concentrations of α-tochopherol (0, 0.05, 0.5, 5 µM).
Sperm motility characteristics were assessed at 0 h, 4 h, and 8 h of incubation with
treatment and immediately after thawing cryopreserved spermatozoa. Sperm motility
characteristics were evaluated by placing them on a warm slide and assessed using a
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Hamilton Thorne IVOS (Hamilton-Thorne Biosciences, Beverly, MA) utilizing Animal
Motility Software, version 12.1. Following motility measurements, cryopreserved
spermatozoa were assessed for lipid peroxidation.
Lipid Peroxidation Assay
Lipid peroxidation was measured using thiobarbituric acid reactive substances kit
(TBARS Assay Kit, Cayman Chemical Company, Ann Arbor, MI). Spermatozoa were
thawed in a water bath (39º C), diluted in warm phosphate-buffered saline (PBS) (1 ml),
and centrifuged at 1000 x g for 5 min. The cryopreservation extender was removed and
spermatozoa were re-suspended in PBS. Samples, containing 25 x 106 cells, were
sonicated utilizing a Vibra Cell (Sonics and Materials Inc., Baton Rouge, LA) three times
for 5 sec intervals at 40 V setting over ice. Samples were boiled for 1 h and then placed
on ice for 10 min. Samples were then centrifuged for 10 min at 1,600 x g at 4º C.
Duplicates of each sample (150 µl) were loaded into a clear 96-well plate and
malondialdehyde (MDA) concentrations were determined using a Spectra Max 250 plate
reader (Molecular Devices, Sunnyvale, CA). Absorbance was read at 530 nm.
Statistical Analysis
Sperm motility characteristics were analyzed using mixed model procedure
(SAS). Bull served as the block, experimental unit was the antioxidant concentration,
and time was the repeated measure. If the F-test were significant (P < 0.05), means were
separated using multiple t-tests.
Results
There was an interactive effect between ascorbic acid concentration and storage
method on sperm motility characterstics: motile, progressive, rapid, VCL and straightness
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(P < 0.05) (Table 3.2). As concentrations of ascorbic acid increased, sperm motility
characteristics decreased. Initial sperm motility was 79.8% + 1.6% and declined to 4.9%
+ 1.6% following cryopreservation. Spermatozoa were less (P < 0.05) progressive and
slower moving when exposed to ascorbic acid. When 5 mM of ascorbic acid was added
during cryopreservation, the track speed declined (109.9 + 4.1 µm/sec) and then
rebounded to at 10 mM (124.5 µm/sec + 4.1). A bull by ascorbic acid interaction (P <
0.05) was observed for motile, progressive, rapid, VAP, VSL, and VCL characterstics,
indicating that spermatozoa from different bulls may react differently to adverse
conditions. Alpha tocopherol had no affects on sperm motility characteristics and there
was no interaction between antioxidants observed. Lipid peroxidation was affected (P <
0.01) by bull and ascorbic acid. Malondialdehyde concentrations for ascorbic acid
treatments (0, 5, 10, 20 mM) were 3.25, 4.2, 2.96, and 2.15 µM respectively. It appears
that ascorbic acid acted as a pro-oxidant at 5 mM, but served as an antioxidant at
concentrations 10 mM and above.
Discussion
Semen processing techniques can reduce the natural antioxidant supply normally
found in semen (Alvarez and Storey, 1992; Bilodeau et al. 2000). Multiple studies have
been performed to determine if antioxidant supplementation can help counter this issue.
We wanted to focus on multiple sperm motility characteristics along with the lipid
membrane of the sperm, while exploring several storage options. Our results indicate
that the addition of ascorbic acid has an interactive affect on bovine sperm motility
characteristics, but α-tocopherol on the other hand, showed no effects on sperm motility.
Previous work by Beconi et al., (1993) indicated that 5 mM of ascorbic acid can benefit
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bovine sperm motility, but our data was inconsistent on which concentrations were
beneficial and which were detrimental. Furthermore, α-tocopherol has shown to be
beneficial to ram spermatozoa at concentrations of 0.1 mM and 1.0 mM (Anghel et al.,
2009) and to bovine spermatozoa at 2 mM (Bansal and Bilaspuri, 2009), which
contradicts our results. It’s possible that ram sperm reacts differently to α-tocopherol
than bovine spermatozoa. Also, part of these observation differences may be due to
differences in evaluation techniques.
There is evidence that ascorbic acid can serve both as a pro-oxidant and an
antioxidant (Niki, 1991). We are in agreement with Reese and Slater (1987) that ascorbic
acid serves as a pro-oxidant at lower concentrations and gains its antioxidant capabilities
at higher concentrations, but their optimum threshold was between 1 to 2 mM for sperm
culture and ours were much higher. In our study, ascorbic acid didn’t uphold its
antioxidant responsibilities until 10 mM and higher. Ascorbic acid tended to promote
lipid peroxidation at 5 mM, but then reduced lipid peroxidation at both 10 mM and 20
mM.
It is intriguing that ascorbic acid decreased sperm motility characteristics but
prevented lipid peroxidation. We have proof that ascorbic acid acted as a scavenger and
reduced free radicals, but the net result still lead to reduced sperm motility during
extended storage methods. This could mean that free radical production is not the only
major issue to be concerned with during sperm storage. It also may be that the ascorbic
acid alone wasn’t capable of eliminating all free radical induced damage.
According to our results, individual bulls react differently to ascorbic acid. It
could be that bulls are naturally equipped with different concentrations of antioxidants. It
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could also be due to the difference in initial sperm quality. Previous studies have shown
that higher quality semen benefits more from antioxidant supplementation than lower
quality semen (Beconi et al., 1993). We evaluated initial motility differences directly
after ejaculation, but we did not perform other initial evaluations that are linked to sperm
viability. Further research should be conducted to determine if bulls poor quality semen
react differently to ascorbic acid.
Although sperm cryopreservation and ART are already commonly used
throughout the United States, finding ways to eliminate stressful conditions for
spermatozoa during storage could significantly benefit the entire cattle industry. Further
investigations must be performed to find alternative ways to protect the male gamete.
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Figure 3.1 Effects of ascorbic acid on lipid peroxidation. Spermatozoa were
cryopreserved in the presence of ascorbic acid (0, 5, 10, 20 mM) and Malondialdihyde
(MDA) concentrations were measured to determine lipid peroxidation. Columns without
common superscripts differ by (P < 0.05).
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Table 3.1 Interactive effects of ascorbic acid concentration and storage method on sperm motility characteristics.

71

Sperm Motility Characteristic
Ascorbic Acid, mM
Storage*
Motile, %
Progressive, %
Rapid, %
vcl
str
0
0
79.8a
63.3a
76.0a
199.3a
83.3a
0
4
41.4b
29.5b
33.3b
137.9b
81.3ab
0
8
15.4d
11.3d
12.8e
92.7f
62.5d
ef
e
g
bc
0
C
8.2
3.8
5.4
135.6
78.1c
5
0
79.8a
63.3a
76.0a
199.3a
83.3a
bc
bc
bc
cd
5
4
37.8
27.3
30.4
124.3
82.2ab
5
8
11.8de
8.9d
9.5ef
91.4f
61.9d
f
e
g
e
5
C
4.4
2.4
2.6
109.9
85.1a
a
a
a
a
10
0
79.8
63.3
76.0
199.3
83.3a
10
4
40.1b
25.7bc
28.5cd
117.8de
83.2a
f
e
g
g
10
8
6.1
3.6
4.0
78.3
61.1d
10
C
7.0f
3.7e
4.6g
124.5cd
80.9abc
a
a
a
a
20
0
79.8
63.3
76.0
199.3
83.3a
20
4
33.9c
23.4c
25.3d
114.2de
84.1a
f
e
g
g
20
8
6.8
3.3
3.6
70.2
62.9d
20
C
4.9f
2.1e
2.8g
121.5cd
80.3bc
SEM
1.6
1.4
1.5
4.1
0.95
P-value**
0.015
0.05
0.03
0.001
0.002
*Storage: 0 (0 h of incubation in mSPTL), 4 (4 h of incubation in mSPTL), 8 (8 h of incubation in mSPTL), C (Post cryopreservation)
**F-test probability for interaction of ascorbic acid concentration and time.
abcdefg
Means within column without a common superscript differ (P < 0.05).

Table 3.2 Sperm Variables measured by Hamilton-Thorne IVOS (Hamilton-Thorne Biosciences, Beverly, MA)
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Variable
Motile
Progressive
Rapid
Medium
Slow
Static
Path Velocity (VAP)
Progressive Velocity (VSL)
Track Speed (VCL)
Lateral Amplitude
Beat Frequency (BCF)
Straightness
Linearity
Elongation
Area

Description
% of total sperm moving at a track velocity ≥30 µm/sec and progressive velocity ≥15 µm/sec
% of total sperm moving at a track velocity ≥50 µm/sec and straightness ≥70%
Progressive % with path velocity >50 µm/sec
Progressive % with path velocity <50 µm/sec but >30 µm/sec
% of total sperm moving at a path velocity <30 µm/sec and progressive velocity <15 µm/sec
Sperm with no movement at all
Average velocity of the smoothed cell path (µm/sec)
Average velocity measured in a straight line from the beginning to the end of the track
Average velocity measured over the point-to-point track
Mean width of the head oscillation as the sperm swims
Frequency of sperm head crossing the sperm average path in either direction
Measures departure of average sperm path from straight line (ratio of VSL/VAP)
Measures departure of actual sperm path from straight line (ratio of VSL/VCL)
Ratio of head width to head length (%)
Average size in square microns of all sperm heads

Conclusion
These studies focused on stressful conditions that may lead to infertility in the
male bovine. We determined that ergot alkaloids can directly affect bovine sperm
motility. More specifically, we found that ergotamine and dihydroergotamine can impair
sperm motility. Ergonovine was found to have minimal effects on bovine sperm motility.
We also concluded that supplementing sperm cryopreservation extender with ascorbic
acid can help reduce lipid peroxidation of sperm membranes. However, increasing
concentrations of ascorbic acid threatens multiple sperm variable associated with
motility. Even though there have been reports that alpha-tocopherol may benefit sperm
viability during storage, we observed no significant differences in sperm motility due to
alpha-tocopherol. Both of these studies should have major implications in the beef
industry as it relates to stress induced infertility, but more research must be performed to
determine what mechanisms of the spermatozoa are attacked by ergot alkaloids and also
to evaluate other possible combinations of antioxidants.
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