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ABSTRACT
Breeding stallions are often selected based upon desirable traits and should,
therefore, undergo extensive breeding soundness exams. While it is well understood that
environmental and others stresses can induce DNA damage which often leads to
infertility or birth defects, traditional standard semen evaluations excluded a sperm DNA
analysis. A number of recent studies have assessed the effects of excessive heat load on
chromatin damage in stallions and suggested extreme heat loads induce significant DNA
fragmentation. However, none appear to have assessed such damage due to seasonal heat
loads. Therefore, the objective of the present study was to determine the effects of
season heat chromatin structure using two tests, the Sperm Chromatin Structure Assay
(SCSA) and Sperm- Halomax® kit (Halo), to assess DNA damage. Stallion semen was
collected after a period of excessive heat load (October 2011; average temperature =
31.05°C; temperatures ranged between 23.41°C and 36.18°C) and compared to semen
collected at lower ambient temperatures (March 2012; average temperature = 14.26°C;
temperatures ranged between 9.20°C and 20.69°C) to assess chromatin damage due to
ambient heat stress caused in the testes. The collected data suggest that there exists no
correlation between the SCSA and Halo techniques (r = .182 and F = .479). Furthermore,
in regard to natural heat stress during the October and March collections, no correlation
was observed for any of the applied techniques—SCSA, Halo, and live: dead staining (P
= 0.2682, 0.4628, and 0.0377, respectively). The results suggest ambient heat load play
little role in chromatin damage. However, other factors, such as relative humidity and
heat index were beyond the control of this study and need to be assessed in the future.
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CHAPTER 1
INTRODUCTION
Horse breeding is a skill that has been used since the 1300’s when it is generally
believed Arabian horse breeders bred mares of their rivals with semen from less than
desirable stallions [7]. It was during that time that the need for reliable, strong, and
manageable horses truly became apparent. As time progressed, breeders also desired a
horse that was physically appealing, structurally correct, a top performer, and
reproductively sound; these traits are still highly sought after today.
Many advances have been made in the field of reproduction to produce desirable
offspring for work, show, and recreation. Scientists have improved collection,
processing, and storage methods of semen, while producers have learned to properly
manage the nutritional needs of their livestock for optimal conception rates. Breeders are
also taking external factors into consideration prior to collection or breeding as many
things that we use or are surrounded by daily are said to be hazardous to our health, and
may also prove to be detrimental to reproductive efficiency. For instance, breeders are
widely aware that season has a large impact on conception as mares are seasonal
breeders; with this in mind, ambient temperature and its associated stress have also
proved to impact conception rates [68].
Extreme changes in temperature may cause decreased ovarian activity and poor
semen quality as a result of the stress that the body experiences [5, 11]. As seasonal
breeders, mares are considered long day breeders, so they enter estrus in the late
1
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spring/early summer. Therefore, they are more reproductively active in warmer weather.
Stallions, however, may be used for breeding purposes throughout the year, but, like
mares, optimal conception rates will be observed during the equine breeding season.
Although the cooler seasons may decrease basic semen parameters, the heat may also be
detrimental to those lesser examined semen parameters.
Sperm chromatin is made up of densely packed DNA and heterogeneous
nucleoproteins [29] that is found within the head of spermatozoa cells. If damaged,
sperm chromatin is said to affect fertilization and may result in possible birth defects
[31]. Many factors have proven to negatively affect sperm chromatin; amongst these is
heat. Excessive exposure to heat will result in sperm viability being compromised. Past
studies conducted with bulls involved insulating the bulls’ testes to create an artificial
heat stress to examine the effects of extreme heat on sperm chromatin [43]. Similarly,
past studies have shown that stallions that had their testes insulated possessed
spermatozoa with damaged DNA [54]. Though much was gained from these studies,
they did not supply breeders and producers with data that is applicable to their daily
practices as truly well-managed sires are not exposed to such extremely high
temperatures. For this reason, the principle focus of this study was to examine the effects
that ambient heat stress has on equine sperm chromatin

2
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CHAPTER 2
LITERATURE REVIEW

Importance of Continued Advancement of Breeding
The use of reproductive biotechnologies has been a popular method of increased
conception rates since the first documented use in 1780 when Italian physiologist L.
Spallanzani successfully artificially inseminated a bitch that resulted in a litter of beagle
puppies [40]. Since that time, scientists have created several different fertility tests,
drugs, and procedures that have helped to drastically increase conception rates in both
human and animal species alike.
In today’s economy, it can be somewhat difficult for a producer to justify
spending extra money on expensive frozen semen straws from a sire who does not have
an exceptional breeding soundness exam on record. Though our current economy may be
suffering, there is still a large demand for efficient reproduction in the livestock industry
as a means of providing a continuous supply of food, clothing, milk, and byproducts to
the ever-increasing world’s population. For this reason, there will always be a place for
the continued advancement in reproductive techniques and fertility testing.
With the continuous improvement of today’s technologies, livestock reproduction
has become much more efficient. This is due in large part to superior working chutes;
though the cost to build or purchase these facilities may be cumbersome to producers. To
avoid having to build and maintain their own facilities, some producers are finding it

3
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easier, and more economical, to board their sires at farms where their sires will be fed,
collected, and receive any necessary veterinarian attention on-site.
Breeding stallions are not selected based upon reproductive performance; instead,
they are selected based upon pedigree and athletic performance. For this reason, most
equine breeding farms offer a complete semen analysis immediately following collection
for each stallion; which may be run three or four times weekly. Additionally, some farms
even offer weekly culture tests from a local vet in addition to a semen evaluation. In
swabbing the inside of a stallion’s penis and culturing the sample, any infectious and/or
potentially health-threatening reproductive diseases that may spread to other horses can
be identified and treated [3]. As science continues to advance, these tests have become
more mainstream within the equine industry.
By keeping reproductive biotechnologies in high demand within the equine
industry, superior genetics can be developed to increase animal health and safety during
breeding, and to continue to improve accuracy of selection [40].
Despite our country’s current economic situation, the horse industry will continue
to prosper due, in large part, to a group which will continue to purchase and breed horses
of superior genetics for personal gain in varying sports. Today, a large portion of horses
are viewed more as pleasure and sport animals rather than livestock animals. For this
reason, many horse owners and breeders will continue to seek out new ways to capitalize
on their prospective sires by utilizing the most state-of-the-art technology. By identifying
subfertile and infertile stallions early on in the breeding season, producers will be able to
save time, money, and efforts in minimizing the number of open mares in their herds.
4
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With this in mind, this review of literature will discuss various aspects of male
reproduction as it relates to infertility and breeding soundness exams in stallions.

Review of Semen Quality Assessment
Historically, both human and animal fertility clinics have analyzed sperm
concentration, total count, motility, and morphology when assessing semen quality [28].
Of these measured parameters, concentration, motility, and morphology appear to be true
indicators of semen quality [69], with motility being used as an endpoint to evaluate
semen storage conditions [55].
Formed in the seminiferous tubules of the testes, spermatozoa are comprised of
nucleic acids, proteins, and lipids and have two functions: 1) to carry the male genome to
the oocyte, and 2) to bind and fertilize the oocytes [40, 48]. For the first function to be
carried out successfully, sperm cells must use what is known as flagellar motility [48].
This means that the cells will use their tail as a locomotor system. To accomplish the
second function, the acrosomal cap of the sperm head must be intact. The head also
serves to protect the highly compact nucleus [48].
Each intact spermatozoa cell is composed of three standard regions: the head,
neck, and tail. The head, surrounded by a plasma membrane, is composed of a nucleus
that contains the genetic material chromatin, which is made up of heterogeneous
nucleoproteins and deoxyribonucleic acid (DNA) for future offspring [7]. The sperm
head is covered anteriorly by the acrosomal cap and posteriorly by the postnucular cap. It
is essential that the acrosomal cap be intact as it contains the hydrololytic enzymes that
penetrate the corona radiata and zona pellucida in order for fertilization to occur. Should
5
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the acrosomal cap be deformed, damaged, or absent, the acrosome reaction, which is an
exocytotic event in which proteolytic enzymes are released, will not take place and the
cells will not be able to fertilize the oocyte [7, 48, 66]. Connecting the sperm head to the
tail, the neck contains the proximal centriole, microtubules, the capitulum, and striated
columns. Used as a locomotor system, the tail, or flagellum, is made up of the middle
piece (considered to be the energy source), the main piece, and end piece; it also
determines the degree of cellular rotation [49].

Semen Collection and Analysis
For the purpose of reproductive biotechnologies, stallions are collected through an
artificial vagina (AV; Animal Reproduction Systems; Chino, CA). A tease mare who is
displaying standing heat is used to arouse the stallion for collection. Once the stallion’s
penis drops from its sheath, it is washed from top to bottom with sterile rolled cotton that
has been thoroughly saturated in a lined bucket of clean, warm water. It is of the upmost
importance that the penis be thoroughly cleaned, paying special attention to the glans
penis, to avoid bacterial contamination to the semen sample. Once properly washed, the
stallion is ready to mount the padded breeding phantom. As the stallion ejaculates into
the AV, either a Colorado- or Missouri-style, the technician manipulates the AV with one
hand while keeping their other hand on the stallion’s penis for guidance into the AV and
stimulation. Ejaculation is often times marked by the stallion flagging his tail as he
deposits a semen sample into the AV’s collection receptacle.

6
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General guidelines for evaluating equine spermatozoa include measuring and
recording volume, concentration, motility, and morphology. Minimal standards for
stallion semen include a sample volume of 50-75 mL (gel-fee volume is between 40 and
75 mL), concentration ranging from between 30 and 800 million sperm per mL, about
70% of all cells are progressively motile, and 70-80% of the cells are morphologically
normal [25].
Semen volume is dependent on the specie, individual male, frequency of
ejaculations, sire size, and age of the sire [40]. Younger sires and those of a smaller
stature will produce smaller volumes of semen. Typically, when bulls are collected, the
technician will collect two successive ejaculates. While this is a common practice, the
second ejaculate usually has a lower volume than does the first ejaculate [40]. However,
stallions are usually collected only once every 48 hours to prevent breeding exhaustion,
maximize sperm output, and minimize labor demands of needed staff. There are times,
however, when a stallion may be collected twice in one day, but at least one hour should
exist between the two collections [25].
During collection, both the volume and the appearance of the ejaculate should
also be noted. Ideally, the semen sample should appear uniform in color and opaque,
indicative of high sperm cell concentration. A sample that is yellow in color may mean
that either riboflavin or urine is present in the sample; while the presence of riboflavin is
harmless, urine should not be present as it is detrimental to sperm because of its acidic
nature [40]. Infected samples may be observed immediately after collection by observing
a curd-like appearance containing chunks of ejaculated material [40]. These ejaculates
7
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should be immediately discarded and the animal may require treatment by antibiotics.
Ejaculates that are consistently pink are often times indicative of blood in the sample,
which may also be an infection that will require treatment through antibiotics. However,
a splotchy pink and white color may indicate that the sire has a cut on the outside of his
penis that caused blood to drip down into the collection receptacle. Furthermore, all
semen samples intended for insemination purposes must be free of viral or bacterial
agents to prevent sexually transmitted diseases in the female.
Semen concentration, which is expressed as the number of sperm cells per mL or
as the total number of cells per ejaculate, should be recorded for each ejaculate collected.
This allows the technician to split the sample into the maximum number of breedings and
help to maintain accurate collection/breeding records [49].
Expressed as a percentage, assessing motility for semen quality is believed to be
one of the most important parameters. Motility is especially important for artificial
insemination (AI), but is of equal importance in the laboratory for determining the effect
of experimental procedures [22]. Semen samples exhibiting poor motility prior to
shipping or cryopreservation may result in decreased conception rates for a producer
interested in expanding his herd size through AI.
Morphology is also important because deformed sperm cells (i.e. deformed heads
and tails) tend to be incapable of fertilizing the ova due to their difficulty in progressing
normally through the female reproductive tract to fertilize the oocyte. When noting
sperm morphology, the perimeter and the shape should be viewed closely [69] and

8
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documented after each collection. Poor morphology can be indicative of decreased
fertility across species.
The aforementioned semen parameters constitute a fairly basic semen analysis,
which is the first step in diagnosing male factor infertility [1]. However, these basic
parameters do not provide an adequate representation of semen quality and function that
are required for desired conception rates [1]. For this reason, more in-depth tests are
available for investigating other parameters that could contribute to male infertility.
A lesser examined parameter is sperm chromatin. Composed of DNA and
heterogeneous nucleoproteins, chromatin is a very organized and compact structure [29]
located in the nucleus of the sperm head. When found in mature spermatozoa, chromatin
is in a crystalline-like form [53]. The densely packed structure helps to maintain the
genetic integrity during transport through the male and female reproductive tracts [22],
but also aids in making it more resistant to mutagens and environmental stressors.
However, altered sperm chromatin may affect the rate of chromatin decondensation.
While chromatin decondensation appears to be species-specific, it may also be closely
related to the type of protamine present and the extent of disulfide bonding [53].
In 1997, Karabinus et al. [43] conducted a study with bulls and determined that
structurally abnormal chromatin results from abnormal chromatin condensation, which
can be indicated by abnormally shaped sperm heads. It was previously stated that
chromatin quality may affect the initial cleavage or embryonic development [22]. Semen
samples containing a high level of sperm DNA damage have a minimal chance for
fertilization, regardless of the fertilization method.
9
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Semen and DNA Assessment Techniques
Traditional light microscope assays (i.e. motility and morphology) provide only
subjective fertility assessments. Through the advancement of both traditional science and
computer science, lab technicians are now presented with more advanced, and often times
more accurate, means of evaluating semen samples in a more timely fashion.
In 1964, Nash and Plaut [57] experimented with heat-induced and non-heatinduced Drosophila chromosomes and formaldehyde to study thermal denaturation of
nuclear DNA cytochemically. The heat-induced chromosomes in formaldehyde were
exposed to temperatures greater than 75°C and then stained with a fluorescent DNA dye
known as acridine orange (AO). Formaldehyde was chosen to react with AO as a control
because near-maximal changes may be observed within the first 15 minutes. Through
this experiment, the scientists observed a red fluorescence in the chromosomes,
indicating denatured DNA. However, a green fluorescence was observed with non-heatinduced chromosomes or heat-induced chromosomes in the absence of formaldehyde,
which is said to affect the stability of DNA in situ [18]. This change in DNA stainability
of heat-induced chromosomes demonstrates thermal denaturation of DNA in situ [18,
57].
This study was followed by Chamberlain and Walker in 1965 [12] who
researched the absorption of heated sperm at 260 nm microspectrophotometrically, which
is considered to be a low rate of emission. Unlike the preceding study, formaldehyde was

10
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not used. The sperm cells were heated to over 80°C and thermal denaturation of DNA in
situ as increasing hyperchromicity was observed [12, 18].
The preceding studies led Darżynkiewicz et al. (1975; 18) to pursue DNA thermal
denaturation in situ through use of a flow-through cytofluoremeter. Using AO in place of
formaldehyde, chromatin was still able to stabilize after cell cooling as AO helps to
stabilize base pairs. Examining thymus cells and macrophages from Sprague-Dawley
rats, chick erythrocytes from the blood of 16-day-old embryos, and human leukemia and
reticulum cell sarcoma, the study results showed an increase in total fluorescence after
AO-staining. All cell types were heated between 60 and 80°C.
Developed by Bauman et al. in 1980 [6], a fluorescence microscopy procedure
known as the fluorescence in situ hybridization (FISH) technique utilizes fluorescent
probes that bind to chromosomes. Generated from the covalent binding of commercially
available fluorochromes to the 3´-terminus of RNA, the FISH technique is used to detect
the presence or absence of specific DNA sequences in chromosomes, tissue samples, and
cells. FISH has several advantages over autoradiography (a radiograph that has been
produced from the recordings of radioactive material) as well as other fluorescent
microscopy techniques, including the use of spatial resolving power, which is a great
advantage over autoradiography specifically. Additionally, this technique allows for
rapid detection by flow cytometry of specific DNA sequences in cell suspensions.
(Bauman et al., 1980) It is a procedure that allows for rapid results on the fluorescence of
large numbers of spermatozoa cells (between 103 and 106; 6, 10). Moreover, FISH
allows for the hybridization of two or more chromosome-specific probes to spermatozoa
11
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to occur concurrently and for later detection of the signal probes using different
fluorescent detection systems; this permits two or more chromosomes to be restricted
simultaneously in the same sperm cell. Farm animal species where FISH has been
reportedly used successful include cattle, pigs, and horses. [10]
In 1980, Evenson et al. [26] conducted the first Sperm Chromatin Structure Assay
(SCSA) test. The study subjects consisted of unheated and heated sperm from humans,
mice, and bulls under varying conditions. Overall, the results of this study concluded that
resistance of sperm nuclear DNA to heat denaturation in situ is an important fertility
parameter worth testing for. It was previously observed that abnormally shaped bull
sperm chromatin bind up to 16 times more [3H] actinomycin D than normal spermatozoa
[36]. This fact, combined with the observation by Evenson et al. [26] that misshaped
spermatozoa are usually highly susceptible to heat denaturation, suggests that an
abnormally shaped nucleus contains chromatin with an abnormal conformation [26].
In an attempt to optimize the conditions of equine sperm decondensation, which is
the process where chromatin loosens during mitosis, semen was collected from four
stallions and stored at -20°C by Monika Bugno-Poniewierska et al. [10]. The researchers
used FISH to study the effects of type and time of decondensation, which were chosen
individually for each stallion. Types and times of decondensation used included: 1) a
dithiothreitol (DTT) and palpain solution (a successful practice for bull spermatozoa), 2)
incubation in DTT solution for 1.5 minutes and in sodium dodecyl sulfate (SDS) solution
for 10 seconds performed on a glass slide, and 3) incubation in DTT solution for 1minute
and in SDS solution for 5 seconds performed in an Eppendorf tube. Their results showed
12
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that their first decondensation method proved to be unsuccessful for any of the study
subjects (most likely due to the fact that bull spermatozoa have a higher concentration of
disulfide bonds), their second method was successful for stallions one and two, and their
third method was successful for stallions three and four. [10]
Originally developed in 1965 by Vinograd et al. [71], the halo assay was refined
by Roti Roti and Wright in 1987 [62]. The assay measures single cells by utilizing
propidium iodide (PI) that causes a supercoiling effect of DNA, which allows the DNA to
change in diameter based upon the PI concentration. Cells are lysed with a dye-lysis
solution (2.0 M NaC1, 10 mM ethylenediamine tetraacetic acid [EDTA] [disodium salt],
2 mM Tris [pH 8.01, 0.5% Triton X-100, with twice the desired PI concentration) and
“halos” were measured to determine changes in DNA organization [47, 62]. At the time
of its popularity, the halo assay was said to be beneficial in that it allowed for analysis of
individual cells and that it did not require the DNA to be marked with radioactive
precursors [62].
Single-cell gel electrophoresis, or the COMET assay, is a widely used test for
detecting DNA double strand breaks [16, 65]. The involved procedure consists of mixing
the sperm with melted agarose and then placing the mixed sample on a glass slide for
evaluation. The cells are then lysed, subjected to horizontal electrophoresis [30], and
stained with a fluorescent DNA binding dye [32]. This assay was appropriately named
when the observed images closely resembled ‘comets’ as the electric current pulled the
charged DNA away from the nucleus leaving the relaxed broken DNA fragments to
migrate further [32]. The resulting images provide parameters for each comet, including
13
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tail length, relative tail fluorescence intensity (percent of DNA in tail), and tail moment
(product of tail length and intensity) [15].
The COMET assay is highly sensitive, correlated with seminal parameters,
requires a small number of total cells (approximately 200-300 sperm cells), and allows
for the observation of individual cells [30, 65]. However, while most may appreciate its
cost effectiveness in relation to other tests for fertility, the COMET assay is not specific
to oxidative damage, which refers to the functional or structural alterations of DNA.
Additionally, the COMET assay is said to offer no evident correlation with fertility, lacks
standard protocols, and is subjective in acquiring data [65].
Another popular method for detecting DNA strand breaks is the terminal
deoxynucleotidyl transferase (TdT) nick end-labeling assay (TUNEL). Originally
developed for measuring DNA fragmentation occurring during apoptosis, the TUNEL
assay has more recently been used for detecting DNA strand breaks in human sperm [65].
Unlike the COMET assay, the TUNEL assay tests for both single and double strand
breaks [65], and may be measured either by flow cytometry, fluorescent microscopy, or
light microscopy [29]. This assay is also said to be fast, simple, have high sensitivity.
Further, this assay is indicative of apoptosis, correlated with seminal parameters, and
associated with fertility. Though commercially available kits do exist, there does not
appear to be a standard protocol as the methodologies appear to differ from one lab to the
next. Unfortunately, this assay is not specific to oxidative damage and special equipment
is required for its completion [65].

14
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The in situ nick translation (NT) assay “quantifies the incorporation of
biotinylated dUTP at single-stranded DNA breaks in a reaction catalyzed by the templatedependent enzyme, DNA polymerase I” [29]. The NT assay identifies sperm cells with
varying levels of endogenous DNA damage and then uses these levels as thresholds to
predict the ability of sperm chromatin to decondense following the assisted reproductive
technology known as ICSI (intracytoplasmic sperm injection). This test shows that when
a sample results in greater than 10% nicks, fertilization rates remain unaffected following
ICSI [29].
Another such semen assessment tool is CASA (Computer Assisted Semen
Analysis). First proposed in 1979 by Dott and Foster [22], CASA provides scientists
with multiparameter results from a single drop of semen containing a large number of
cells. It allows for an unbiased assessment of numerous seminal parameters, including,
but not limited to, motility, concentration, morphology, curvilinear velocity (VCL),
average path velocity (VAP), straight line velocity (VSL), linearity (LIN), and amplitude
of lateral head displacement [(ALH); 40]. Several different models by differing
companies exist and all are said to have high levels of precision and reliability. By
providing digital images for each individual sperm cell, this sophisticated technology
analyzes the motion properties of sperm [69]. While these automated computer systems
are extremely accurate, they are expensive, thus limiting their availability to many clinics
and breeding farms [40].
Each assay described above presents its own set of limitations, and no single test
can accurately predict fertility status [40]. For this reason, it is believed that these assays
15
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are best utilized in combination to offer more complete information of DNA damage and
its biological significance in male infertility [65].

Chromatin Remodeling
Chromatin structure is an important factor in gene expression and how that gene
is altered in response to any external stimuli [60]. Chromatin remodeling, the
modification of chromatin structure, allows access of condensed genomic DNA to the
regulatory transcription machinery proteins, which, in turn, control gene expression.
Such remodeling is caused by modifications in histones as well as the remodeling of
ATPase subunits [70]. Any alterations in chromatin remodeling during spermiogenesis
may cause sperm DNA fragmentation [63].
Chromatin regulators (CR) and transcription factors (TF) are key factors in
regulating the transcription process. Although not fully understood, there are effects of
CR and TF regulation on nucleosomes (repeating protein-DNA complexes made up of
double-stranded DNA wound around a histone octamer) in the genome during
transcription, but the extent to which has yet to be determined. [20, 21]
Medical syndromes may arise from disordered chromatin remodeling, which is a
result of deregulation of transcriptional DNA stemming from mutations in genes
encoding enzymes. Aside from improper regulation of chromatin structure and the
deregulation of gene transcription, mutations may also result in inappropriate protein
expression. Examples of such genetic diseases include Rett syndrome (RS) and
immunodeficiency-centromeric instability-facial anomalies syndrome [(ICF); 4]
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To properly analyze the expression of specific genes, PCR Arrays are said to be
the most reliable [24]. To sufficiently analyze chromatin remodeling, the Epigenetic
Chromatin Modification Enzymes PCR Array is commercially available to analyze genes
in signal transduction pathways, biological processes, or disease-related gene networks.
It utilizes real-time PCR on 96-well or 384-well plates to quickly analyze genes
expressions in a cost-efficient manner with easy to use data analysis. This array is
beneficial to chromatin research in that it allows for the analysis of genes involved in
epigenetic chromatin modifications. [23]

Sperm Chromatin Structure Assay (SCSA)
The SCSA can be used as a test for male infertility that measures sperm DNA
integrity [27]. More precisely, it evaluates the in vitro susceptibility of DNA to
denaturation. However, RNA does not interfere with this data as the assay denatures
protamine associated sperm DNA but avoids denaturing somatic cell DNA associated
with histones [28]. The SCSA utilizes flow cytometry to evaluate the chromatin structure
of sperm cells as a measure of male infertility. This thirty-year-old test uses acid-induced
denaturation, rather than heat-induced, to stain the cells with AO. The essence of the
SCSA is AO and was chosen for this assay because of its unique metachromatic and
equilibrium staining properties that provide a very sensitive measurement and resolution
between double- and single-stranded DNA [29]. The stained cells are then forced
through a glass channel in a liquid suspension where the cells will eventually pass
through a focal point of the laser beam of the flow cytometer. The light from the laser
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beam will cause the cells to emit a fluorescent color, usually red or green, that will help
the technician to interpret the level of chromatin stability [29].
When the AO stained cells emit a red fluorescence, these cells are said to have
very high levels of fragmented DNA and are often beyond the DNA repair capacity of the
egg. The same is said to be true of cells emitting a yellow fluorescence, representing
moderate levels of DNA fragmentation. However, green fluorescing sperm cells have
non-detectable levels of fragmented DNA and are known as native DNA [29]; these cells
are indicative of spermatozoa containing good chromatin stability.
This test is rarely conducted in clinics because clinicians are still unaware of its
availability. This is unfortunate because the SCSA is said to be a highly repeatable (0.980.99), rapid (results are produced in under five minutes), reliable, and practical test [28,
29]. Using the SCSA, it has been reported that fertile couples who used sperm cells with
chromatin abnormalities took longer to conceive by natural conception. In regards to
reproductive biotechnologies, ICSI is reported to have a greater number of pregnancy
losses than does in vitro fertilization (IVF). It is questionable whether there exists a link
between sperm with DNA damage in those cells used for ICSI and IVF and the overall,
likely poor, quality of the sperm cells. [51]
While this assay has yet to become mainstream in today’s human fertility clinics,
it is used even less to test for infertility in other mammalian species, such as horses.
Again, this is unfortunate because this test could save a producer a significant amount of
time and money in the long run. For instance, in choosing to have a stallion’s semen
analyzed by the SCSA at the first sign of infertility, a producer may make the decision to
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reassign the mares in his breeding book to another stallion rather than attempting multiple
breedings with a potentially infertile stallion.
What sets the SCSA apart from traditional light microscopes is the use of flow
cytometry. Flow cytometry provides rapid, multiparameter results that are objective.
Unlike traditional evaluations, this test also allows for unbiased cell selection based on
large numbers of sperm cells [27]. Through the use of a flow cytometer, as many as
5,000 to 10,000 sperm cells may be measured in less than five minutes [29], with an
average exam rate of approximately 200 cells/second [18].
In an attempt to create a more simplified and cost-effective version of the SCSA,
Tejada et al. (1984; 67) developed the microscopic acridine orange test (AOT). Like the
SCSA, the AOT measures the “susceptibility of sperm nuclear DNA to acid-induced
denaturation in situ by quantifying the metachromatic shift of acridine orange
fluorescence from green (native DNA) to red (denatured DNA)” [29]. This test has
several drawbacks, including low repeatability, indistinct color, rapidly fading
fluorescence, and heterogeneous slide staining [29]. Additionally, the cost of needed
equipment may be astronomical to many breeding farms and fertility clinics.
As outlined previously, other tests do exist to measure sperm DNA and any
associated damage. However, it has been concluded by a panel of international experts
on the subject that “the SCSA is the most consistent and reliable test with very high
levels of statistical robustness” [27]. The SCSA test allows scientists to evaluate a
compartment of the sperm cell that differs from that of traditional quality testing.
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SCSA Parameters

Four different parameters exist for interpreting SCSA data. Two of these
parameters use the measure alpha-t (αt), which may be defined as the ratio of red to red
plus green fluorescence, and is measured for each individual sperm cell.
The first measured parameter is Meanαt and reflects the degree of DNA
denaturation of the whole spermatozoa population. The second measured parameter is
standard deviation (SDαt) and indicates the extent of denaturation, or how far individual
spermatozoa may deviate from the main population. Previously known as %COMPαt
(percentage of cells outside of the main population), the DNA fragmentation index (DFI)
represents the total percentage of cells exhibiting DNA fragmentation. The DFI is
comprised of two populations, moderate and high, because there likely exists distinct
biochemical properties that influence male fertility in different ways [29]. A DFI
threshold exists for different species to determine when chances of fertilization are
decreased. For example, the current DFI threshold for stallions is <25%, while bulls fall
between the 10 and 20% range [30, 53]. Any number exceeding these thresholds is
believed to result in failure of conception or miscarriages. However, it was stated in a
later study that normal sperm DFI values for stallions have not yet been determined [52].
Although, given the normal range for other species, we should be hesitant to breed with
equine semen containing a sperm DFI value greater than 15-20% [52]. Humans have a
much higher threshold of 30%, and may be broken down into the following
subcategories: >30% for ‘significant lack of,’ 15-30% for ‘reasonable,’ and 15% for
‘high’ fertility status [30].
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The last parameter, high DNA-stainability (HDS) sperm, characterizes immature
sperm. This fertility marker can significantly influence male fertility since these sperm
cell types cannot be resolved and detected by the COMET, TUNEL, NT, or AOT
methods [29]. HDS sperm are classified as immature as they lack processed nuclear
proteins and/or poorly condensed chromatin [64]. A high percentage of HDS sperm
(>15%) may result in decreased fertilization rates with conventional in vitro fertilization
(IVF), but such is not the case with ICSI.

Sperm Chromatin Dispersion Test (SCD)
The sperm chromatin dispersion test (SCD) is a test that was developed in 2003
by Fernández et al [33]. Like the SCSA, the SCD test is a fast, simple, and reliable test
for assessing chromatin damage to samples containing few spermatozoa with a large
amount of debris [34, 39]. This test is carried out by embedding the sperm cells in an
agarose gel on a slide, incubating the slide in an acid solution, and then incubating it in a
lysing solution. To read the slide and determine the level of DNA fragmentation, sperm
cells containing no fragmented DNA will emit a prominent halo-like glow around the
head of the sperm cell; and, conversely, those cells containing fragmented DNA may
emit a small halo or no halo at all. [34]
The initial study that developed and tested the SCD test [33] involved 20 men
attending a clinic for infertility screening and 10 men who were healthy sperm donors.
All collected samples were classified as either normal or abnormal as described by the
World Health Organization [(WHO); 72] after semen parameters were analyzed.
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Abnormal samples were described as those with a concentration of less than or equal to
20 million/mL, less than 50% motility, and/or less than or equal to 14% morphologically
correct. Any samples containing leukocytes were not included in the study. The study
was carried out by the method described in the previous paragraph. All results by the
SCD test were confirmed by the specific DNA Breakage Detection-Fluorescence In Situ
Hybridization (DBD-FISH) assay.
The results of the DBD-FISH study [33] demonstrated that spermatozoa with
nondispersed chromatin contained fragmented DNA, while sperm cells with dispersed
chromatin contained very low to undetectable DBD-FISH labeling. The findings of this
study demonstrated significantly higher SCD test values in the infertile patients than the
sperm donors with normal semen samples, thus proving the effectiveness of the SCD test.

Sperm-Halomax® Kit
An additional test for assessing DNA fragmentation is the Sperm-Halomax® kit,
developed in Madrid, Spain by Halotech® DNA SL. The Sperm-Halomax® kit is an in
vitro diagnostic kit based on the SCD technique. This test is rapid, economical, and
simple and produces results that are comparable to those obtained by the TUNEL and
SCSA tests, which may also serve to validate the results of this kit. Although this kit was
originally designed to analyze human spermatozoa, Halotech® has also developed other
kits to analyze the spermatozoa of various other species, including Bos taurus, Canis
familiaris, Equus caballus, Equus asinus, Mus musculus, Sus scrofa, and Capra hircus
[41].
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The Sperm-Halomax® kit analyzes spermatozoa cells for DNA fragmentation by
bright field microscopy, either light or fluorescence and is based on the response of
fragmented and unfragmented DNA to a protein depletion treatment. Nuclear proteins
are extracted from sperm with fragmented DNA. Using bright field microscopy, sperm
nuclei dispersion may be observed around the head of the spermatozoa. Spermatozoa
cells that have intact DNA will present a small and compact halo, while cells with
damaged DNA will present a large and spotty halo.
As with the SCSA, the lower the sperm DNA fragmentation (SDF) value, the
greater the possibility the female has of conceiving. Additionally, inseminating with
semen containing a low SDF value will increase the number of offspring in litter-bearing
species [41].

A Theoretical Comparison of Testing
Although several techniques are currently commercially available for detecting
DNA fragmentation, the two with the most published data are the SCSA and the SpermHalomax® kit. While both analyze spermatozoa cells for chromatin damage, each
technique is unique in its own way with vast differences in the testing modalities.
While both tests have been used to detected chromatin damage, the primary
difference between the two tests is what they specifically measure about the chromatin.
The SCSA reports the percentage of cells with high levels of DNA denaturation, formerly
known as %COMPαt [2]. Additionally, SCSA may also test for sperm with High DNA
Stainability (HDS), which are immature sperm cells with “unprocessed nuclear proteins
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and/or poorly condensed chromatin” [64]. However, in contrast, by examining cells with
Halo, which is based on the sperm chromatin dispersion (SCD) technique, researchers are
solely observing sperm cells with and without fragmented DNA [2] based on the
presence or absence of large and spotty halos surrounding the head of each cell.
Another major difference in the two studied techniques is the list of required
equipment and materials. To carry out the analysis for the SCSA, the semen sample must
first be diluted with TNE buffer and then mixed with 400 μl of an acid-detergent solution
(Triton-X) before adding the metachromatic dye acridine orange (AO), which is a key
component in this assay. Once properly mixed with the reagents, the semen solution is
run through a flow cytometer with defined criteria based on a control sample; sperm cells
are then passed through a glass channel pipette in the liquid suspension so that their heads
may be excited by the focal point of the laser beam for detecting damage. The cost of the
flow cytometer with its associated computer and computer software will cost, on average,
$150,000, which is extremely costly for most laboratories. The Halo kit, however, uses
either a fluorescent or light microscope with a special filter unique to the DNA-specific
binding fluorochrome used to run the final analysis, which is dependent upon the human
eye and may be biased. The vast majority of the supplies needed come inside the kit,
including specially coated slides, agarose, a base lysis solution, and reducing agent.
Where expenses are concerned, Halo is a much more economical approach with its
associated cost averaging $18,000, which includes the microscope, computer, and
computer software for analysis.
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A significant difference in the two systems is that although both tests may prove
to be good measures for male infertility, the SCSA cannot detect fragmentation in males
with a very low concentration of sperm cells (< 500,000/ml to 750,000/ml) and/or a large
amount of debris [64], due to the detection limits of the cell sorter. However, because the
Halo system can be done manually, it only requires the human eye to exam each 300
sperm cells individually by scanning different viewing fields. Analyzing semen samples
that are classified as oligozoospermia (low spermatozoa count) and high concentrations
of debris prove to be of little challenge.
Despite their vast differences, both tests are said to produce rapid and repeatable
results, and may assist couples and livestock producers in determining the best method of
reproductive biotechnology prior to investing in procedures that may not result in a
positive pregnancy. Furthermore, results from the SCSA have been validated by the SCD
technique in past studies conducted with human sperm [13]. Therefore, for this
comparative study, the SCSA and Halo assay appeared ideal for the detection of heatstressed equine sperm chromatin in the present study.
As previously mentioned these assays use different protocols and are based on
different principles. Nonetheless, both have been previously reported to detect DNA
fragmentation with similar results. Both may produce similar results due to the
observation that sperm cells from men with abnormal semen parameters are characterized
by increased levels of DNA strand breaks [13].
While, both the SCSA and the Halo kit expose sperm chromatin to acid
denaturation, which causes the single-stranded DNA to act differently in each test, in the
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SCSA, the AO helps in distinguishing the single-stranded DNA from that of the
unfragmented double-stranded DNA. The SCD test and, likewise, the Halo kit, however,
create single-stranded DNA from DNA breaks and additional deproteinization of nuclear
proteins then restrains the development of a halo [13].
Additionally, the two tests may produce differing results due to the simple fact
that Halo detection generally relies heavily upon the subjectivity of the human eye for
evaluation, which may vary from researcher to researcher. Such an obvious bias may
drastically alter the “true” results of a proper semen analysis, which may, in turn, produce
false hope for any couples or livestock producers seeking positive pregnancies. By
comparison, the SCSA is heavily automated, and therefore highly reproducible if
maintained properly.
Finally, a lack of relationship for the studied assays may be due to the established
cut-off values. In stallions, the %COMPαt in the SCSA should not exceed 30% for
desirable conception rates [45]. Though there has yet to be an established value for
stallions in Halo, the established value in humans is 18% [19] and the suggested value in
bulls is between seven and 10% [44].
Given the fact that disruption of chromatin has been associated with fertility
issues, the object of the present study was to determine what affect, if any, seasonal high
ambient temperatures has on chromatin structure. Because of the uncertainty of how
such an effect would be manifested, both the SCSA methodology and the Halo assay
were employed to determine chromatin damage, allowing a direct comparison of the
techniques in the horse.
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Factors Affecting Sperm Chromatin
In the SCSA, the cells that stain red are said to contain abnormal, or damaged,
chromatin. Regardless of the number of spermatozoa that are used for insemination, the
percentage of sperm cells containing fragmented DNA will remain the same and likely
result in decreased pregnancy rates [30]. Both pathological conditions (i.e. age, fever,
infection, cryptorchidism, etc.) and environmental conditions (i.e. heat, air pollution,
medicine, pesticides, etc.) are said to contribute to sperm DNA fragmentation [30].
Additionally, long periods of abstinence may also contribute to chromatin damage (SCSA
Diagnostics website). Cancer treatments, such as chemotherapy and radiation, have also
been linked to fragmented DNA [39]. In animals used for breeding purposes, facilities
may perform routine “clean outs” prior to using the ejaculate for immediate insemination
or storing for a later use. Immature spermatozoa also show enhanced DNA damage.
These immature cells are associated with a high generation of reactive oxygen species
[(ROS); 1].
Sperm cells containing single-stranded DNA damage are often times easier to
repair and may be caused by unrepaired DNA nicks or oxygen radical-induced damage.
Double-stranded DNA damage, on the other hand, may be caused by apoptosis,
hydrolysis by caspases and endonucleases, and oxygen radical-induced DNA damage
caused by the activation of caspases and endonucleases [63].
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Thermal Effects

Elevated scrotal temperatures also have detrimental effects on sperm. In 1997,
Karabinus et al. [43] conducted a testicular heat stress study using six Holstein bulls to
observe the effects of scrotal insulation on sperm chromatin. All bulls were penned
individually in a cold housing barn, collected at different times of the year, and were
between the ages of 13 and 34 months of age during collection. Made of polyester
batting quilted between waterproof nylon taffeta, scrotal insulation sacks were fitted
around the bulls’ entire scrotum up to the abdominal wall. Scrotal sacks were placed on
the bulls for 48 hours, and scrotal temperatures were taken immediately after adjusting
the sacks at time 0 hour and then again prior to removal at 48 hours. Semen was
collected from each bull every three days by means of an AV to obtain two successive
ejaculates. Collections continued until the percent of morphologically abnormal sperm
exceeded 50%. Collected samples were extended, cryopreserved, thawed, and then
sampled during incubation at 38.5°C in vitro. Semen samples were analyzed by the
SCSA. The study concluded that elevated scrotal temperatures can adversely affect
semen motility and resulted in decreased fertility rates. Additionally, the scrotal
insulation sacks adversely affected the testicular and epididymal sperm chromatin [43].

Environmental/Storage Effects

Environmental factors, month (season), age, and genotype were used to study
sperm production and semen quality in both Bos indicus and Bos taurus bulls in Brazil
which are used for AI purposes [8]. The study was conducted over two years; in year one
(1997), seven Bos indicus and 11 Bos taurus bulls were used, and in year two (1998), 24
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Bos indicus and 16 Bos taurus bulls were used. This study concluded that neither
ambient temperature and humidity nor month proved to have statistically significant
negative effects on sperm production and semen quality. However, genotype did show
significant differences. Bos indicus bulls displayed significantly greater concentrations,
while Bos taurus bulls had significantly greater numbers of morphologically correct
sperm [8].
A 1999 study conducted by Love and Kenney [54] used four pony stallions to
demonstrate that scrotal heat stress caused by insulation can cause an altered sperm
chromatin structure that is associated with a decrease in protamine disulfide bonding.
Love and Kenney insulted the testes of all stallions with a layer of wool that had been
covered by a sheet of plastic. Suspended by three ropes in a sling-jock strap for 48 hours,
the insulated testes were elevated in the inguinal area. Scrotal skin temperatures were
taken using a temperature probe. After removing the scrotal sacks, all stallions were
collected once daily from Days 1 to 64 and the semen samples were elevated by SCSA,
gel electrophoresis, and sulphydryl quantitation. The results of their study concluded
that, in using the SCSA technique, denaturation of spermatozoal DNA was dependent on
the spermatogenic cell stage that the cells were in during the time of the artificial heat
stress. Cells containing altered DNA expressed a decrease in the degree of disulfide
bonding associated with an increase in DNA susceptibility to denaturation. Ultimately,
no changes were detected in either the protamine type or level [54].
A later study by Brito et al. [9] examined the effects of artificial scrotal heat stress
by evaluating sperm production, semen quality, and testicular echotexture in Bos indicus
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and Bos indicus x Bos taurus bulls. Animals were divided between two experimental
groups; one group consisted of 12 Bos indicus bulls for the control and whole-scrotum
insulation groups, and the other consisted of 21 crossbred bulls for the control, wholescrotum, and scrotal-neck insulation groups. Bulls who wore whole-scrotal insulation
wore sacks made of disposable diapers surrounded by a cloth bag and then held in place
with tape around the neck of the scrotum. Those bulls who were in the scrotal-neck
insulation group wore materials consisting of plastic-encased air bubbles that were
placed between two foil sheets and then taped around the neck of the scrotum for
security. All insulation sacks were removed after four days, and semen was collected
twice per week by electroejaculation (crossbred bulls were additionally collected on Day
4). In Bos indicus bulls, testicular ultrasonography was performed on Day 7 and then
again before semen collection from Days 4 to 27. Ultrasonography for crossbred bulls
was performed just prior to semen collection from Days 4 to 32. Whole-scrotum and
scrotal-neck insulation had no effect on testicular echotexture in either experiment. The
study concluded that whole-scrotum insulation resulted in decreased sperm production
and semen quality in both the Bos indicus and Bos indicus x Bos taurus crossbred bulls.
However, those changes were not linked with changes in testicular echotexture [9].
Mare infertility or subfertility may also be due to early embryonic death as a
result of an unbalanced number of chromosomes. Lear et al. [50] studied a 10-year-old
Thoroughbred mare who’s breeding records showed her to be either barren or have
aborted in four of seven years, though she had produced three foals. Lymphocytes were
cultured from the mare, chromosomes were examined for morphology and chromosome
30

Texas Tech University, Wendee C. Langdon, December 2012

count, and structural abnormalities were identified. By using the FISH technique, the
study concluded that while the mare had a normal chromosome count, she also had a
translocation of chromosomes two and 13, thus explaining her early embryonic losses.
DNA damage may additionally be due to ROS, which is generated by sperm and
is an important part of sperm capacitation, acrosome reaction, and oocyte fusion. Due to
their high unsaturated fatty acid content and lack of adequate repair mechanisms, sperm
cells are at a high risk for ROS-mediated damage [51]. Excessive production of ROS
may result in seminal oxidative stress [1, 48]. Sperm cells are placed at a higher risk for
experiencing oxidative stress because they are almost devoid of cytoplasm, which would
provide the necessary ROS-scavenging enzymes needed for protection [46]. Infertile
men producing high levels of ROS are said to be seven times less likely to initiate a
pregnancy compared with those men producing low levels of ROS [1] as factors that are
likely to result in oxidative stress are linked with oxidative DNA damage in the male
germ line [51].
In an attempt to determine the abnormal patterns of ROS production in male
factor infertility (MFI) patients, Agarwal et al. [1] conducted a study involving 34 healthy
donors and 132 MFI patients. A second objective of this study was to define reference
values of ROS in all study subjects. Those patients classified as MFI are defined as
having the inability to conceive a child after one year of unprotected sexual intercourse
with a female partner possessing a normal reproductive history, normal ovulation, and
tubal patency (hysterosalpingogram). All MFI patients were placed into three subgroups:
1) patients with normal sperm parameters according to the criteria set forth by the WHO
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[73], 2) patients with abnormal semen parameters, and 3) patients with ≥ 1 abnormal
semen parameter. Healthy donors, however, were not further classified into subgroups as
they were said to have normal semen characteristic set forth by the WHO [73]. All
semen samples were obtained through masturbation following 48-72 hours of abstinence,
and were analyzed by manual and CASA analysis [1].
The Agarwal et al. study [1] concluded that semen of MFI patients contained high
ROS levels. Oxidative stress showed to be negatively correlated with sperm
concentration and motility in infertile men. As a preventative method for oxidative
stress-related sperm DNA damage, men should include an antioxidant supplement as part
of their daily vitamins. The scientists accomplished their second study objective by
establishing an optimum log (ROS + 1) cutoff value of between 1.2 and 1.48, with a
corresponding sensitivity between 0.71 and 0.78 and specificity of 0.82. These values
have an MFI prediction accuracy of ≤ 80% [1].
When an ejaculate is meant to be stored frozen or cool-shipped, it is extremely
important to make certain that all necessary measures were taken to preserve the integrity
of that sample; this statement holds especially true for equine species. Quality can suffer
during transport as DNA damage may be caused by improper packaging. Sperm cells
contain highly condensed DNA that is made up of densely packed protamines, which
replaces histones. Reduced DNA protamination and DNA fragmentation have also been
reported to result in poor semen quality and an increased risk for birth defects [31].
With regard to shipped semen, a 2003 study by Young et al. [74] examined semen
collected from ten healthy men at a remote location. Each sample was divided two ways:
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1) a portion was snap frozen in liquid nitrogen and stored, and 2) the remaining portion
was held at 22 ± 1°C for 24 hours in a transport receptacle and later snap frozen. DNA
integrity was measured using the tandem-label sperm-FISH, TUNEL, and neutral comet
assays. While the tandem-label sperm-FISH assay showed no significant difference
between the two groups, the neutral comet assay detected a significant difference
between the two groups in DNA strand breakage. The TUNEL assay, on the other hand,
proved to not be statistically significant but did show an increased number of cells with
chromosome breakage. Therefore, in this study, the tandem-label sperm-FISH assay was
the only assay that could detect levels of chromosome breakage after a 24-hour transport
time, whereas the samples used in the TUNEL and neutral comet assays may have been
affected by the remote location and overnight shipping [74].
However, in 2004, Huszar et al. [42] conducted a study to observe several
characteristics of human semen after the addition of phenyl-methyl-sulfonyl-fluoride and
overnight shipping. Amongst those characteristics being examined was sperm DNA
integrity. Using the DNA nick translation assay, their study results showed no changes in
DNA integrity of the samples during overnight shipping [42].
Sperm DNA fragmentation (sDF) and sperm viability were assessed in semen
samples from five donkeys of the Equus asinus (Zamorano-Leonés), a breed at risk of
extinction. All donkeys were between the ages of two and four years, clinically healthy,
and considered to be of high genetic value. All samples were collected in an AV and
then evaluated for standard semen parameters prior to cryopreservation. Three differing
temperatures (37, 25, and 4°C) were used for 48-hour incubation post thaw to study
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sperm DNA degradation. The Sperm-Halomax® kit for stallions was used to analyze
sDF, and sperm viability was assessed using a CASA following AO and PI staining.
Incubated samples were removed for sDF analysis at 1, 4, 6, 24, and 48 hours. The mean
sDF at the start of the study was not significantly different from the results of a neutral
comet assay. The study concluded that sperm DNA damage is higher when incubated at
37°C than when at 25°C or 4°C. However, this only held true for individuals and, thus,
differences in sDF values were established among individuals [17].
Selecting for gender prior to cryopreservation is another factor that has been
evaluated for sperm chromatin damage. Gosálves et al. [39] studied sperm DNA
fragmentation in eight Holstein bulls after sex selection in Navasota, TX. Semen samples
from each bull were divided into two equal aliquots; one aliquot was processed for
traditional frozen straws and the other for X/Y sex-sorted frozen straws. After thawing,
samples were deposited into microcentrifuge tubes and incubated at 37°C for 0, 4, 24, 48,
and 72 hours. All samples were then analyzed for rate of spermatozoa DNA
fragmentation (rSDF). The study began with all bulls displaying low and extremely
similar sDF values but concluded that sex-sorted semen contained much lower SDF
values than that of the conventional samples with DNA damage apparent between 24 and
48 hours. The baseline SDF level was higher in conventionally frozen samples, while the
rSDF value was lower for the conventionally frozen semen samples than the sex-sorted
samples. Finally, the results from Crossover Positioning Time (CPT), an indicator of
rSDF expressed in hours, showed that semen may be more resistant to factors affecting
chromatin after sex sorting.
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As equine semen is often times extended through milk-based extenders, Love et
al. conducted a study in 2002 [55] with 18 stallions to examine the effects of storage time
and temperature as it relates to sperm DNA and fertility using a common equine
extender, E-Z Mixin®- CST. Stallions were classified as either subfertile (those
achieving pregnancy rates deemed unsatisfactory by the owners and having no physical
limitations that would limit their ability to ejaculate normally), or fertile (those who were
actively breeding stallions with no history of subfertility). One ejaculate from each
stallion was equally divided into three parts for the three temperature groups—5, 20, and
37°C. At five differing time intervals (0, 7, 20, 31, and 46 hours) samples were removed
from their designated storage temperature conditions and frozen at -22°C until processed
for flow cytometric analysis [55].
Love et al. [55] observed that, in all stallions, sperm stored at 5°C in a milk-based
extender exhibits no change in the rate of DNA denaturation up to 46 hours. However,
sperm that was stored at 20°C showed a moderate level of DNA denaturation, while
sperm stored at 37°C showed a greater level of denaturation. While mean and %COMPαt
values increased within seven hours after exposure at 20°C and 37°C, exposure to body
temperature (37°C) showed a more dramatic rise. Additionally, 25% of the subfertile
stallions showed an increase in %COMPαt between 20 and 30 hours, indicating that the
sperm DNA of some subfertile stallions may denature at a greater rate after 20-30 hours
than sperm from fertile stallions. When compared to egg yolk, milk components are
believed to have a direct detrimental effect on chromatin quality or may not protect sperm
as well against seminal plasma or other potentially damaging storage factors. Finally, the
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study concluded that change in chromatin quality does not appear to be entirely
temperature dependent; other factors and/or conditions may help to preserve sperm
chromatin for storage [55].

Anatomical and Disease Induced Effects

Varicocele is another common cause of poor sperm production and decreased
semen quality. While varicocele is mainly seen in adolescent males, it is seen in 15-20%
of the general male population. In using the SCD test to study infertile patients, it was
found that varicocele was present in more than twice that of the control fertile patients.
Subjects with varicocele tend to have more sperm cells with fragmented DNA (1 in every
4.2 cells) compared to fertile (1 in every 8.2 cells) or infertile patients with other
pathological issues. However, varicocele may be surgically treated with a
varicocelectomy to decrease the number of cells with fragmented DNA, thus increasing
the likelihood of a positive pregnancy [39].
Chlamydia trachomatis, the most commonly known sexually transmitted
bacterium worldwide, may be another cause of the presence of sperm DNA
fragmentation [39]. For the purpose of one research study, 143 men were infected with
Chlamydia and Mycoplasma for a routine semen parameter analysis and evaluation for
SDF using the SCD test. Infected men proved to have 3.2 times greater the percentage of
fragmented sperm cells than was observed in the control fertile group. Ninety-five of the
infected men were treated with antibiotics for a follow-up study which showed a
significant decrease in fragmented cells from 37.7±13.6 to 24.2±11.2% [39].
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Previous studies have shown that cancer alone, regardless of its origin, has proven
to result in damaged DNA and that the use of chemotherapy may result in temporary or
permanent azoospermia [39]. In patients where cancer is known, determining the male’s
SDF value should be determined prior to freezing or fertilization so as to minimize the
number of future successive breedings for the female. If chemotherapy and/or radiation
will be used to treat the male, cryopreservation of collected semen samples prior to
treatment may be the best option for desirable conception rates. In cancer patients, the
SCSA, TUNEL, and comet assays have all been successful in detecting sperm DNA
damage, with the comet assay proving to be the most successful [63].
DNA damage is also associated with childhood cancer. Males exposed to
carcinogenics may result in heritable translocations, mutations, and malformations in his
offspring. Cigarette smoke may increase the chance of DNA damage in sperm cells,
which, in turn, may increase the likelihood of childhood cancer for any resulting
offspring. It has been reported that 15% of childhood cancers are a result of men who
were active smokers [51].
Aside from chemotherapy or radiation treatment, azoospermia may result from
testicular failure or a blocked duct. It has been discovered that infertile men with
azoospermia have a lower amount of DNA damage when the semen sample came from
normal and active spermatogenic testis than when a sample was collected from testis with
an incomplete sperm production. Additionally, patients with poor spermatogenesis have
a higher SDF value when compared to those patients with normal spermatogenesis.

37

Texas Tech University, Wendee C. Langdon, December 2012

Another study found that testicular spermatozoa have a lower incidence of containing
DNA fragmentation than ejaculated spermatozoa cells [39].

Fertilization and DNA Damaged Spermatozoa
It has been reported that the freeze-thaw process proves to be detrimental to the
structure of sperm chromatin. The freezing process is said to cause an ‘overcondensation,’ which may delay paternal nuclear formation. If this were to occur, the
female may lose the pregnancy due to early embryo death, which is commonly seen in
swine following artificial insemination.
Sperm cells containing chromatin damage may still result in a positive pregnancy.
However, impaired embryo development may occur due to the extent of sperm DNA
damage. Sires who prove to have a high level of DNA damage have a decreased
likelihood of resulting in a positive pregnancy for in vitro fertilization. This decreased
likelihood is often associated with poor embryo development or impairment of postfertilization embryo cleavage [35].
The way that semen is processed prior to AI may result in sperm chromatin
damage. A study using 23 stallions was conducted in Spain to assess the effectiveness of
the SCD test on semen that had been chilled to 4°C for one hour (n=10), and also on
frozen-thawed samples that were processed immediately (n=13). All stallions were
clinically healthy, in prime reproductive condition, specifically chosen for AI purposes,
and ranged in age from two to four years. Semen was collected using an AV and an
estimate of sperm DNA fragmentation index (sDFI), volume, and percent progressively
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motile was evaluated immediately following collection. To determine an initial sDFI
value, which is expressed as a percentage and represents the ratio of fragmented cells, the
samples were extended and analyzed proceeding 10 minutes of incubation at 37°C. After
each treatment, either chilled or cryopreserved, all samples were incubated at 37°C and
analyzed for chromatin damage at 0, 4, 6, 24, and 48 hours using the Sperm-Halomax®
kit [ChromaCell SL. Madrid, Spain; 52].
The aforementioned study concluded that there was no significant difference in
sDFI for sperm samples evaluated before or after chilling or cryopreservation. However,
sDFI values increased by 50% at 37°C between hours one and six; by 48 hours of
incubation, 100% of the sperm cells contained DNA damage. Typically, low fertility is
associated with a high sDFI. Additionally, the rate of change of sDFI showed no
difference between stallions or whether the samples were chilled or cryopreserved. The
study also suggested that, given the prolonged temperature exposure, sperm DNA
fragmentation is likely to increase in the female reproductive tract following insemination
regardless of prior storage conditions [52].
The studies mentioned above are testaments that normal, unaltered sperm
chromatin is a requirement for normal fertilization and desirable reproductive outcomes.

Currently Studied Species
Currently studied species by means of the SCSA test include humans, bovine,
equine, porcine, exotic cats, and rodentia; all of which, have produced laboratory results
demonstrating chromatin thermal stress. However, currently studied species for the SCD
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and Sperm-Halomax® kit include humans, Bos taurus, Canis familiaris, Equus caballus,
Equus asinus, Mus musculus, Sus scrofa, and Capra hircus.
Using 84 clinically fertile stallions, Love and Kenney [53] conducted an
experiment utilizing the SCSA to determine if a relationship existed between the in vitro
susceptibility of DNA to denaturation and fertility. Fertility variables that were obtained
included three experimental groups. The first experimental group was the percentage
seasonal pregnancy rate (SPR), and may be defined as the number of mares detected
pregnant by the end of the breeding season divided by the total number of mares bred to
the stallion during that breeding season. The second experimental group, percentage
pregnant per cycle (PC), represented the total number of pregnancies divided by the total
number of estrous cycles bred, which included those mares diagnosed as pregnant
between days 14 and 40 of gestation that subsequently aborted. The final experimental
group, percentage pregnant per first cycle (FCP), represented the number of mares
diagnosed as pregnant on their first breeding of the year divided by the number of mares
pregnant during the breeding season. All experimental groups were further broken down
into subgroups based on a certain fertility endpoint percentage specific to that group [53].
For Love and Kenney’s 1998 study, three of the SCSA parameters (Meanαt, SDαt,
and %COMPαt) were shown to be negatively correlated, in varying degrees, with all
fertility variables [53]. Meanαt showed to be the parameter with the lowest significant
correlation with any of the fertility variables. While SDαt was more highly correlated
with fertility than Meanαt, %COMPαt proved to be the measure most highly negatively
correlated with fertility. The parameter %COMPαt proved to be the most valuable
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indicator of fertility as it was the only parameter able to identify mean differences
between fertility groupings for SPR and FCP. Perhaps the most important finding from
this study was the discovery of stallion SCSA fertility thresholds for %COMPαt of <25%
to have the potential for high fertility; values exceeding this threshold suggest that the
stallion may produce less desirable fertility results [53].
Another SCSA study conducted in 2001 by Ostermeier et al. [59] was meant to
determine if sperm nuclear shape is related to fertility. Donated cryopreserved semen
from three high-fertility and three lower-fertility bulls was thawed and sperm cells were
separated from the extenders on a gradient. Fourier harmonic analysis was used to
determine parameters that would describe the shape of each bull’s sperm nuclei. The
SCSA was used to determine the relationship of sperm chromatin structure to nuclear
shape. Results from the Fourier harmonic analysis and the SCSA were compared to one
another [59].
The Ostermeier et al. study [59] ultimately concluded that sperm nuclear shape
was a better predictor of fertility than was chromatin quality. The SCSA results suggest
that sperm nucleus shape reflects both chromatin structure and aspects of
noncompensable fertility traits. The high-fertility bulls of this study showed to produce
more sperm that are elongated and tapered when compared to the lower-fertility bulls.
These differences in shape may be due to chromatin stability [59].
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Concluding Thoughts
Ultimately, when it comes to factors affecting sperm chromatin, several aspects,
including intended use, must be taken into consideration for the maintenance of
chromatin quality because the main cause for sperm DNA damage can be difficult to
pinpoint. Overall, the use of determining DNA fragmentation will help to provide clients
with answers regarding subfertility or infertility issues, determine who should consider
the use of reproductive biotechnologies, measure semen quality prior to insemination or
donor samples, determine if medical treatment and/or intervention is necessary, and
improve upon the way that semen is handled, processed and stored.
As this review of the literature illustrated, the Sperm Chromatin Structure Assay
has been routinely used in research to evaluating sperm chromatin for the past 30 years.
However, the Sperm Chromatin Dispersion test and the Sperm-Halomax® kit are
increasing in popularity amongst scientists. When used in combination with one another,
the SCSA and the SCD test may allow for the most accurate results in determining the
extent of sperm DNA fragmentation. Nevertheless, there still exists a need for further
research in mammalian species because the exact origin of sperm DNA damage remains
unclear. It is clear that both the SCSA and the SCD test are reliable and valuable tests for
male infertility across species. The purpose of the present study was to further explore
equine sperm chromatin as it relates to male infertility from ambient scrotal heat stress
that occurs naturally during differing seasons and locations. The SCSA as described by
Evenson and Jost (2000; 28) and the Sperm-Halomax® Equus caballus kit (ChromaCell
SL, Madrid, Spain) were used to analyze the semen samples from all stallions used in the
study.
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CHAPTER 3
MATERIALS AND METHODS

Study Design:
Semen samples were collected from equine donors in the fall of 2011 and the
spring of 2012 across three southern states; New Mexico, Oklahoma and Texas. All
stallions were housed in the same manor—that is, in non-climate-controlled stalls with
daily turnout during the day (weather-permitting) and returned to their stalls in the
evening. Additionally, all stallions mounted a breeding phantom and were collected into
Missouri model artificial vaginas (AV) with a Missouri bottle AV adapter attached that
contained a disposable nylon mesh gel filter (Animal Reproduction Systems; Chino, CA).
None of the animals were exposed to artificial heat stress of the testes at any point during
the course of this study.
“Heat stressed” samples were collected from twelve equine donors in October of
2011. The collections took place at three differing locations: in Lubbock, Texas; Hondo,
New Mexico; and Wynnewood, Oklahoma during a period of excessive environmental
heat loads on the region. At the time of collection, only one stallion, the stallion
collected in Lubbock, TX, had experienced routine cleanout collections prior to
collecting a sample for cool transport; all other stallion had not routinely been collected
for a period of time prior to the October collection. All samples were extended for cool
transport using the standard protocol for that facility prior to being transported back to the
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Obstetrics and Gynecology infertility research laboratory at the Texas Tech University
Health Sciences Center in Lubbock, TX for processing and cryopreservation.
In March of 2012, eight stallions were collected for the cool weather data
analysis. Due to unforeseen circumstances, the stallions from New Mexico were
relocated and/or sold during the six-month period between collections and three were lost
to the follow up collection, and therefore removed from the study. The remaining two
New Mexico stallions were relocated to a facility at Pilot Point, TX and remained
accessible. As the March collection was done as the “cold weather” control, it was
determined that there should be no issues in the collections being used and the stallions
remained in the study. Additionally, one Oklahoma stallion was unavailable for a second
collection in March. As was done with the October collections, all samples were
extended for cool transport, and then returned to the research laboratory for processing
and cryopreservation.

Collection and Extension:
All collection receptacles and extension media were warmed to approximately
37°C in an incubator prior to collection. The bladder of each AV was warmed to the
appropriate temperature (°C) for each individual stallion based upon collection history.
All stallions in the study were collected by mounting a phantom and ejaculating into an
AV manipulated by a trained expert.
Immediately following collection, the gel-free volume was also determined and
recorded. Then, a small aliquot of semen from each sample was used to determine initial
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semen parameters, including concentration and motility. A single drop of semen from
each sample was dispensed onto a glass slide for initial motility analysis under
microscopic examination. Another single drop of semen was used to determine
concentration for each stallion prior to extension.
After initial analysis of each sample, all samples were extended in a manner that
was best for that stallion in regards to cool transported semen. All stallions at collection
sites two through four were extended in INRA 96 semen extender (imv Technologies;
Normandy, France), while the stallion at collection site one was extended in E-Z
MIXIN®- “CST” for “cool-store transport” (Animal Reproduction Systems; Chino, CA).
Samples were then immediately driven back to the central research laboratory at the
Texas Tech University Health Sciences Center in Lubbock, TX for an analysis on cooltransport semen using an IVOS computer assisted semen analyzer (IVOS; Hamilton
Thorne; Beverly, MA).
Following the cool-transport analysis, all semen samples were frozen following a
basic laboratory technique from this laboratory. Freezing began by cooling the freeze
extender, E-Z FREEZIN™- “MFR5” (Animal Reproduction Systems; Chino, CA), down
to 5°C. After the freeze extender was properly cooled, all samples were centrifuged in a
Sorvall® RT6000 refrigerated tabletop centrifuge (Du Pont; Sorvall® Centrifuges Clinical
and Instrument Systems Division) for ten minutes at 600 rpm. The supernatant was then
extracted and the densely packed pellet was measured. Two milliliters of supernatant
were added back to the centrifuge tube if the pellet was 3mL or less; however, if the
pellet was greater than 3mL, then the volume was doubled with the supernatant. In one45
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third increments at 15 minute intervals, E-Z FREEZIN™- “MFR5” was added at three
times the volume of the pellet and the supernatant. Following the last 15 minute time
point, extended semen was loaded into 0.5mL straws and then heat sealed. Sealed straws
were placed into a manual cryopreservation system and positioned on a straw-rack
designed to prevent touching. A thermometer probe was placed inside of an empty
0.5mL straw, which was also placed along the same straw rack. Once straws where in
position, nitrogen was introduced into the system at a controlled rate appropriate to
cryopreserve equine semen. Once the thermometer registered a minimum of -40°C, the
straws were removed from the box and transferred into cryopreservation tanks for later
use.

Preparation for Assay Analyses:
Both the SCSA and the Sperm-Halomax® were performed using frozen semen
samples that had been thawed in a 37°C water bath. Once thawed, semen was prepared
for each analysis as described by the individual protocols. Special care was taken to
ensure that all samples were processed within the specific time restraints as outlined in
the protocols.
Additional post-thaw viabilities were determined by placing a single drop of postthaw semen on a slide and smeared with equal volumes of Eosin and Nigrosin (Vital
ScreenTM, FertiPro N.V.; Belgium). Once slides were dry, 100 cells were observed under
200X microscope to establish the percentage of live cells for each stallion from each
collection (live cells appearing clear and dead cells staining pink). Percentages of live
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cells from each sample were recorded and used to establish viability for further research
analyses.

Semen and SCSA Analysis:

All cryopreserved samples ran for SCSA analyses were analyzed at the Veterinary
Medical Teaching Hospital of Texas A&M University in College Station, TX in a Becton
Dickinson FACScan flow cytometer (Block Scientific, Inc.; Bohemia, NY). Through the
use of CellQuest Software (Becton Dickinson Immunocytometry Systems; San Jose,
CA), samples were visualized and monitored on a computer screen. The flow cytometer
was first primed with HPLC grade water before any samples were thawed and then set to
count 5,000 cells total. Additionally, the gates of the scatterplot graph were set in a
manner such that the y-axis (FL1) was set at 500 and the x-axis (FL3) was set at 150.
All buffers and solutions needed to perform the SCSA (TNE, Triton-X, and AO)
were previously prepared by the lab technicians at Texas A&M University and stored as
directed by Evenson and Jost (2000; 28) in a refrigerator. An ice bucket containing wet
ice was used to maintain buffers, solutions, and thawed semen samples during
processing.
Prior to analyzing the samples for this study, a cryopreserved reference sample
was run through the flow cytometer to properly set the gates; the sample from the
reference stallion has an approximate %COMPαt of 7-8%. A second reference sample
was then immediately run to verify the results of the first.
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All proceeding samples were run in the same fashion as that of the reference
sample. That is, they were first thoroughly thawed and deposited into 1.5 ml centrifuge
tubes. As stipulated by Evenson and Jost [28], the reference sample was thawed a room
temperature, while all other samples were thawed in a 37°C water bath. Thawed semen
samples were diluted to 1-2 x 106 sperm/ml with the TNE buffer and added to a tube that
attached to the flow cytometer. A total of 200 μl of sperm suspension (thawed semen
sample with TNE) was added to 400 μl of Triton-X. After precisely 30 seconds, 1.2 ml
of AO was added to the tube for analysis by flow cytometry. Once attached to the flow
cytometer, samples were run for 30 seconds to allow the flow cytometer to pick up the
stained cells prior to counting 5,000 cells for analysis. Immediately after a sample was
removed from the needle of the flow cytometer, the needle was thoroughly cleaned with a
dry KimWipe. All samples were displayed on the computer monitor in the form of
scatter plots and α-t histograms, displaying cells with fragmented DNA, non-fragmented
DNA, and any present debris.
To determine the level of %COMPαt, WinList 6.0 (Verity Software House;
Topsham, ME) produced the following formula for proper calculations: (p5/p3 + p5) x
1.024) 1024, where p3 = FL1 = 500 = y-axis = green and p5 = FL3 = 150 = x-axis = red.

Semen and Sperm-Halomax® Analysis:

A second straw from each stallion, with the exception of the reference stallion,
was later processed to assess the Equus caballus Halomax® technique to serve as an
additional test for sperm DNA chromatin damage. Much like the SCSCA, special care
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was taken to make certain that all time sensitive steps were treated as such. As a water
bath heated to 95°C, a final lysing solution was prepared under a venthood as outlined in
the protocol by adding 1μl of the reducing agent for every 10 ml of base lysis solution,
not to exceed approximately 10 ml/slide total for the final solution.
Cryopreserved semen straws were thawed in a 37°C water bath and then
immediately centrifuged for eight minutes. The supernatant was then extracted, leaving
the concentrated pellet in the 1.5 ml centrifuge tube. Once the water bath reached 95°C,
a vial of the agarose cell support was placed in a float and transferred in the water bath
for precisely five minutes. Immediately after liquefying, the vial, with the float, was
transferred to a 37°C water bath for equilibration for an additional five minutes. After
equilibration, 25 l of the semen sample was extracted and transferred to another
centrifuge tube that had been warmed to 37°C. To this tube, 50μl of the liquefied agarose
was added and mixed by withdrawing and extracting the total volume twice with a
pipette. A total of 75μl of the semen and agarose mixture was deposited into an assigned
well on the eight-well special coated slide. A coverslip was placed over the well and
after processing four samples, the slide was dried in a 4°C refrigerator for five minutes.
Once the slide had dried, the coverslips were carefully removed and the slide was
further processed under a venthood. First, the slide was placed in the Petri dish
containing the final lysing solution for five minutes. The slide was then transferred to a
Petri dish containing HPLC grade water for an additional five minutes. Following the
wash, the slide was next placed in a Petri dish with 70% alcohol for dehydration for two
minutes. A final round of dehydration took place for another two minutes in a Petri dish
49

Texas Tech University, Wendee C. Langdon, December 2012

with 100% alcohol. The slide was then dried completely by laying horizontally in a dry
and dark room prior to fluorescence staining.
A 75μl sample of Mountant + DAPI (Cambio; Cambridge, UK) was added to
each well on the slide just prior to visualization and analysis under a Leitz Diavert phase
contrast inverted microscope (Laboratory Optical Service, Inc.; Abingdon, VA) with a
digital microscope camera, ProgRes® C14plus (JENOPTIK AG; Jena, Germany). A
coverslip was placed over the well and a single drop of immersion oil was added on top
of the coverslip for visual clarity. The slide was placed faced down on the microscope,
with the oil side on the lens, and viewed with a NLP Fluorotar 100x lens.
As stated in the Sperm-Halomax® protocol, three hundred sperm heads were
counted, using a standard histology cell counter for each sample and were classified as
either having fragmented or non-fragmented DNA. Those cells with fragmented DNA
displayed large and spotty halos, whereas cells with non-fragmented DNA displayed
small and compact halos.

Data Analysis:
Data were collected from 12 stallions in October of 2011 and from eight in March
of 2012. Due to an inability to collect a spring collection, the four stallions who were
sold between the two collection dates were not included in the statistical analyses. Data
from the remaining eight stallions were analyzed using the SAS (r) Proprietary Software
9.2 (TS1M0; Cary, NC) for the comparative study. A p-value of less than .05 was
considered statistically significant.
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While it would have been desirable to have had a larger sample size, logistical
considerations preclude that such a population would be difficult to acquire given the
monetary value of a donated semen sample from stallions standing at stud at regional
stallion stations. The stallion stations that graciously donated samples for research
purposes currently stand high-dollar stallions and, therefore, could have profited from
their stallions’ ejaculates; instead, however, they chose to donate to advance scientific
knowledge.
Data were first analyzed using a randomized block design, where the blocks are
the individual animals and the treatment is the time. Because each stallion provides a
response at two times, this may also be called a repeated measures design with two time
measurements. A Chi Square analysis was conducted to test the independence of the
SCSA and Halomax®. Linear regression was then used to compare the two chromatin
techniques, SCSA and Halomax®. The SCSA was used as the dependent variable, while
the Halomax® was used as the independent variable.
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CHAPTER 4
RESULTS
Animals were recruited from stallion stations at four locations in the South and
Southwestern United States. A total of 12 stallions were initially collected for the study
in October 2011 (high heat period). However, as these stallions were part of normal
production operations, four animals were lost to follow up and eight animals were
collected during the cool weather collection in March 2012. All stallions were assigned a
study number. Those remaining in the study were assigned as follows: Lubbock, TX
stallion (Stallion ID 10); Wynnewood, OK stallions (Stallion ID 1, 2, 6, 8, and 11);
Hondo, NM stallions (Stallion ID 3 and 9); Pilot Point, TX stallions (Stallion ID 3 and 9).
The five New Mexico stallions were relocated after the initial collection, causing three to
be lost to follow-up and two to be relocated to the Pilot Point Stallion Station.
Additionally, one Oklahoma stallion was unavailable for a second collection. However,
as the relocation occurred after the warm weather collection, it was felt to be a nonfactor
in assessing the effects of heat load on chromatin damage.
All stallions were housed in non-climate controlled stalls and allowed turn-out
time if weather permitted. Stallions were treated and handled in the same fashion that
was the protocol for that particular farm. No stallions included in the study were
subjected to artificial heat stress of the testes, or any other part of the body that might
result in an increase in body temperature. The cryopreserved samples from the eight
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stallions included in the statistical analyses were examined for sperm DNA fragmentation
as it relates to natural, ambient heat stress.
Table 4.1 depicts the average monthly temperatures (°C) for each location where
samples were collected. Given the length of spermatogenesis in a stallion (approximately
54 days), temperatures were recorded for the previous three months, as well as the month
of collection. Temperatures shown below are those of true ambient temperature highs
and do not include a heat index, defined as, air temperature in relation to relative
humidity. It is, therefore, safe to assume that testicular heat stress experienced by the
examined stallions might have been higher than that indicated by the temperatures below
due to relative humidities at the collection sites.
Table 4.1. Average Monthly Temperature (°C) for Location
Wynnewood,
Lubbock, TX Hondo, NM OK

Date

Pilot Point, TX

July 2011

37.31

24.87

39.87

38.42

August 2011
September
2011

37.33

27.88

39.84

39.68

30.09

23.74

31.15

33.00

October 2011

24.94

18.74

24.44

25.52

December 2011

8.33

4.66

11.63

12.17

January 2012

16.04

10.47

14.71

15.29

February 2012

14.10

8.70

14.04

15.19

March 2012

23.03

15.03

22.13

22.56
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Figure 4.1 shows the results of the post-thaw live: dead staining with Eosin of
each stallion at each collection. The results are given as the percentage of live cells for
each stallions’ collection. With the exception of one stallion, Stallion ID 3, the numerical
value for viability all stallions either had the same or better percentages of live cells
during the March collections. While this observation was to be expected as
spermatogenesis for the second collection would have begun during the cooler months
and ended early on in the equine breeding season, there were no statistical differences in
the number of life cells at either collection point (P = 0.0377).
Figure 4.1. Percentage of Live Cells for Stallion and Month as Detected by Eosin
Staining

Figure 4.1. Percentage of Live Cells for Stallion and
Month as Detected by Eosin Staining
P = 0.0377
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Results from the SCSA, given as %COMPαt for each stallion and month of
collection are shown in Figure 4.2. Previous research (Kenney et al., 1995) for stallions,
suggests that samples should have ≤ 30%COMPαt to be consistent with higher fertility
rates. Data from the present study suggests that all stallions in the data analyses were
below the threshold for desirable conception rates. In one examined stallion, Stallion ID
2, there was a large decrease in his level of fragmented cells by dropping from
29.56%COMPαt to 13.86%COMPαt for his March collection. In another stallion, Stallion
ID 10, exceptional levels of %COMPαt were observed for October and March at 4.86%
and 6.16%, respectively. Not included in the analysis was Stallion ID 5 who exhibited
the highest level of fragmented cells at 55.70%COMPαt at the October collection but was
unable to supply a sample for comparison in March. While there were variations in
individual animals who completed both seasons’ collections, there was no animal effect
(P = 0.2682). Further, while a few individuals appeared to have high DNA damage in the
collections from the hot season, there were no differences in overall DNA damage
between the summer- and winter-influenced collections.
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Figure 4.2. Percentage of Cells Outside of the Main Population (%COMPαt) for
Stallion and Month as Determined by Sperm Chromatin Structure Assay

%COMPαt for Stallion and Month

Figure 4.2. %COMPαt for Stallion and Month as
Determined by SCSA
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After analyzing the residuals for %COMPαt, it was apparent that they were
skewed (P = 0.0400 for Shapiro-Wilk test). Therefore, an analysis for the log of
%COMPαt was conducted. However, this analysis proved to show no difference between
times, as well (P = 0.2443). Further, the residuals on the log scale show to be normally
distributed with a symmetrical distribution (P = 0.9541). This proved that the analysis
for the log of %COMPαt was effective. The ultimate conclusion on this additional
analysis proved that there was no time effect on %COMPαt.
Figure 4.3 demonstrates the results from the Sperm-Halomax® for each stallion
and month. Results are presented as the percentage of non-fragmented DNA. As with
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the SCSA, no statistical differences were seen for stallions, (P = 0.4628). Further, there
appears to be little consistency in the detection of DNA damage between the two
techniques (Figures 4.2 and 4.3). Using Stallion ID 10 as an example; the SCSA, showed
the least amount of damaged chromatin (<5%); whereas, in the Sperm-Halomax®, we see
that the same stallion is demonstrating only 58% non-fragmented DNA (it is important to
note that the SCSA technique is expressed as % damaged while the Halo is expressed as
% undamaged) for his October collection and an impressive 87.33% non-fragmented
DNA for his March collection. The March Halo numbers appear consistent with SCSA
results. However, given the SCSA number for October, one would expect this stallion to
produce much higher levels of non-fragmented DNA than what were reported in this
technique. The same appears true for other stallions in the study.
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Figure 4.3. %Non-fragmented DNA from Sperm-Halomax® for Stallion and Month
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Figure 4.3. %Non-fragmented DNA from SpermHalomax® for Stallion and Month
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Statistical comparison of the October and March collections in regards to the
percentage of live cells, SCSA, and Sperm-Halomax® (P = 0.0377, P = 0. 2682, and P =
0.4628, respectively) suggest that the ambient, even during the hottest 20th Century
summer average in recorded history for the contiguous United States (2011), which was
the 23rd warmest year on record [58], had little effect on sperm DNA. Given a lack of
difference between the tests, it may be argued that there exists no correlation between the
SCSA and Sperm-Halomax®.
To test that the assays were independent of one another, a Chi Square analysis
was conducted. Data was first reorganized to determine how many animals were shown
to have more DNA damage at the October verses March collection for each assay (Figure
58

Texas Tech University, Wendee C. Langdon, December 2012

4.4). While the SCSA testing indicated more animals with DNA damage in October, the
Halo test indicated more animals with damage in March. However the Chi Square
comparison suggest there were no differences between these observations (Figure 4.4;
Chi Square value = .619, P = .317).
Figure 4.4. DNA Damage Detected by Two Techniques during Periods of High Heat
Stress (October 2011) and Low Heat Stress (March 2012)

Figure 4.4. DNA Damage Detected by Two Techniques
During Periods of High Heat Stress (October 2011) and
Low Heat Stress (March 2012)
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*Where SCSA is the abbreviation for Sperm Chromatin Structure Assay and Halo is the
abbreviation for Sperm-Halomax® Kit.

Finally, if Halo and SCSA were measuring the same forms of DNA damage,
correlations should be shown using linear regression. The results of the linear regression
analysis are displayed in Figure 4.5. An attempt was made to relate the %COMPαt from
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the SCSA (COMP) to the fragmentation (frag) detected by the Sperm-Halomax®. No
linear relationship could be detected with an r value of .182.

Figure 4.5. A Correlative Comparison of the Percentage of Cells Determined to
Have DNA Damage by Sperm Chromatin Structure Assay (comp) Versus SpermHalomax® (frag)
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CHAPTER 5
DISCUSSION/CONCLUSION
A traditional semen exam includes only a basic assessment of sample
parameters—volume, concentration, motility, and morphology. While these parameters
are of great importance, they are not the only factors that should be considered when
evaluating a semen sample for subfertility or infertility. It is, therefore, crucial that
additional and more in-depth parameters be measured for a proper diagnosis. One such
area that received significant attention is sperm DNA fragmentation. Previous studies
have shown that human DNA fragmentation can result from various factors, including the
environment [17]. Unfortunately, under normal production conditions, not every aspect
of an animal’s environment can always be controlled. There are, however, farm
procedures that may be implemented to ensure more optimal living conditions for desired
performance and/or reproductive soundness. For example, it is known that prolonged
exposure to extreme heat can have detrimental effects on sperm chromatin [43];
therefore, installing box fans in stalls may help to medicate the effects of extreme heat on
cellular damage, as well as improve the comfort for stallions during the warmer months.
Another practical approach may be to include daily turnout in areas with ample shade, air
flow, and an adequate supply of cool, clean water.
Testing for DNA damage has proven even more problematic. Several assays exist
for assessing sperm DNA fragmentation in various species. Few, however, are reliable,
rapid, user-friendly and produce repeatable results. Even fewer tests are included as part
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of a thorough exam for determining male infertility. Previous studies induced sperm
chromatin damage by insulating the testes with various man-made materials [9, 43, 54].
While those studies were able to demonstrate DNA fragmentation and chromatin damage,
the testes were exposed to an extremely artificial and unrealistic heat load. However,
their results may not be considered applicable to real world production conditions and,
therefore, may not be considered relatable to breeders and producers.
To address the issue of heat induced chromatin in a real world setting, the current
study examined semen from eight Quarter Horse and Thoroughbred stallions at four
differing stallion station locations (Texas, New Mexico, and Oklahoma) to determine if
ambient heat loads could induce the stress necessary to induce chromatin fragmentation.
The stallions had semen collected at the end of summer (October, 2011; average daily
high temperatures for the period 25-41° C) and in the early spring (March 2012) after
winter’s period of not heat stress. Serendipitously, the National Weather Service reported
the summer of 2011in the region as the hottest, driest summer period on record. The rate
of sperm fragmentation was determined using two analytical methods, the SCSA and the
Sperm-Halomax® Equus caballus kit. The SCSA is a test that utilizes flow cytometry to
test for native verses denatured DNA. The Halo test utilizes a fluorescence stain and
microscopy to visualize DNA damage.
The present study appears to be the first to focus on the effects of ambient heat
stress on spermatozoa in stallions; a study directly relatable to those involved in the
equine breeding industry. Overall, this pilot study suggests that there is no significant
effect in regards to ambient heat stress and stallion sperm chromatin damage.
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Furthermore, no differences were observed in time of collection and location, nor did a
correlation between the assays exist. Study results may suggest that current stallion
housing methods, regardless of extreme ambient temperatures, are adequate and will not
affect sperm chromatin. As stated above, summer of 2011 proved to be one of the hottest,
driest summers on record in North America suggesting that the lower summer
temperatures normally seen in this region would also have little to no effect on chromatin
integrity.
This finding contradicts the earlier controlled studies where the testes were
insulated and maintained temperatures at or above the animal’s core temperature rate, and
cryopreserved semen was used for evaluation [54]. However, even though the summer of
2011 produced extremely high temperatures, which were considered optimal for the
present study, it is difficult to estimate the actual heat load on the testis over the course of
the study. A possible explanation for the current findings is the animals’ adaptation to
their living environment. Like most animals, horses will eventually adapt to their living
environment over time; this also applies to animals that have been relocated. As these
stallions were maintained under production conditions, meaning ab libitum assess to
water and shade, and fans in the stall areas, they could easily seek out more favorable
conditions lowering the heat load on their bodies and testis.
Another such explanation may be length and time of day for daily turnout.
Although all farm managers at the participating stallion stations stated that all studied
stallions received daily (weather-permitting) turnout, duration and time of day were not
reported. Additionally, amount of available shade in the turnout was not reported. It is
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imperative that stallions are allowed a sufficient amount of daily turnout for exercise, but
it may also serve to modify their body temperature once they are no longer confined to a
stall.
While both the SCSA and Halo kit demonstrated no difference in seasonal DNA
fragmentation, there appeared to be a lack of correlation between the testing modalities.
This contradicted the earlier studies of Chohan et al. [13] that demonstrated a close
correlation between SCSA and SCD test, and, thus, would appear to have suggested
correlation with the Sperm-Halomax® kit, which is based on the SCD technology.
However, regardless of testing method, both tests indicated that ambient heat stress had
little to no effect on equine sperm DNA integrity. This suggests conception rates should
not be adversely affected due to heat stressed induced DNA damage.
While the rate of DNA fragmentation reported in the present study was relatively
low, one might speculate that sperm DNA fragmentation would be evident in
cryopreserved samples while absent in fresh semen samples because sperm DNA tends to
degrade rapidly post-thaw as seen in humans [38]. However, Gosálvez et al. [38]
conducted a study to compare the rate of human sperm DNA fragmentation in fresh and
gradient isolated frozen-thawed semen samples from donors with proven fertility.
Although rate of DNA fragmentation differed in the two samples, they observed no
significant differences in sperm DNA fragmentation when fresh and gradient-isolated
frozen-thawed spermatozoa were evaluated at baseline after incubation. The freeze-thaw
process causes changes in the chromatin that ultimately results in the predisposition of

64

Texas Tech University, Wendee C. Langdon, December 2012

DNA fragmentation. Their results eliminate the question that sperm DNA fragmentation
is more often observed in cryopreserved semen samples. [38].
Additionally, a past study utilizing the Sperm-Halomax® kit by Cortés-Gutiérrez
et al. [17] showed that DNA fragmentation is more likely to be seen when cryopreserved
semen straws of Equus asinus are incubated at 37°C than when at 25°C or 4°C. The
researchers also found that such incubation temperatures only held true for individuals
and, therefore, differences in sDF values were established among individuals.
The results of the current pilot study would suggest that, under normal production
conditions, there is little evidence of heat stress related to DNA fragmentation in stallion
semen samples. It should be noted, however, that no prior fertility information was
provided by each stallion station for either collection period. The results of this study
should be welcomed news to those involved in the equine breeding industry as it helps to
diminish the concern of over-exposure to prolonged ambient heat. However, larger,
possibly cross-species comparative studies will be needed prior to dismissing DNA
fragmentation as a concern to horse breeders in high heat environments. Such studies
might be expanded to other sperm cell functions, such as mitochondrial integrity, which
might also be affected by heat induced stress. Such follow-up studies may produce
results that will aid livestock producers in better caring for and examining their breeding
stock, especially in extreme environmental conditions, which will ultimately result in
more desirable conception rates.
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Appendices
A. Sperm-Halomax® Kit Showing Unfragmented DNA
Phase-contrast microscopy for Stallion ID 1, March

Microscopic examination with DAPI for Stallion ID 1, March
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B. Sperm-Halomax® Kit Showing Fragmented DNA
Phase-contrast microscopy for Stallion ID 3, March

Microscopic examination with DAPI for Stallion ID 3, March
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