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»A csodak nem a természeti torvényekkel
allnak ellentmondasban, csu’pén azzal, amit a
természetfl tudunk” - Szent Agoston-

"Miracles are not contrary to natureutonly
contrary to what we know about nature
- Saint Augustine -

“Life shield” from Tayos gold library (Ecuador)
/collection of Padre Carlos Crespi,
presumed age of the artifact is 8000-10000 years/

1. GENERAL INTRODUCTION

The horse has been in close contact with humantdoisands of years. This species -
presented in the largest populations of mammakurasia 25 thousand years ago-,
was an important part of human life in prehistdimees, which is attested by the 20-
30-thousand-year-old Palaeolithic art cave paistingm Lascaux Caves, Pech-Merle
Cave, etc. Horses had also survived the glaciabgemhe date and place of horse
domestication has long been subject to researcivekder, several evidence supports
the hypothesis that horses were domesticated inEtlmasian Steppes (Dereivka
centered in Ukraine) approximately 4000-3500 BCé&gent discoveries on Botai
culture in northern Kazakhstan suggest that lonatibthe earliest domestication of
the horse was in this region during the Copper Atpjng to about 3500 BCE.
Pathological characteristics indicate that somadwwere bridled, perhaps ridden and
Botai culture used horses as a source of meat alkd(@utram et al. 2009). DNA
studies seem to indicate that domestication prgbabturred in multiple locations
simultaneously (Jansen et al. 2002). Horse donastic was a great breakthrough,
bringing horsepower to communications, transpantatfarming and warfare. In the
Scythian Empire, the horse was an important anie@bling the Eurasian steppe
population to cover long distances. It was als@ssential companion in the afterlife
as the archaeological findings from the Unesco Wdikritage Frozen Scythian
Tombs of the Altai Mountains shows. Phylogenetiaablysis showed that these



ancient horse’s mitochondrial DNA sequences westriduted throughout the tree
defined by modern horses’ sequences and are clodated to them (Keyser-Tracqui
et al. 2005). The horse later, for centuries hamtesented a decisive role in human
cultures. The selection of excellent sires and dhat strategic importance to the
expansion, conquest, and in battles.

According to the legend the horse was the firstmahi upon which artificial
insemination (Al) was practised successfully. 22%n Arab chieftain sent a spy to
the neighbouring rival’s camp. This man then scdopeme of the semen from a
recently mated mare’s vagina, diluted it with cammék and rushed with this ,diluted
semen” back to base. The legend does not relate thewdiluted semen was
inseminated into the boss’s mare but it does avwat & healthy and exceptionally
beautiful foal was born the following year (Bowef69, Pickett et al. 2000, Allen
2005). The first successful real insemination waggsmed by Spallanzani (1784) in
a dog, which gave birth to three puppies 62 daies lgoote 2002). In 1897, Heape
and other scientists in several countries repastextessful use of Al in dogs, rabbits
and horses. Pioneering efforts to establish Al gsaatical procedure were begun in
Russia in 1899 by Ivanov who studied Al in many é@stit farm animals, dogs,
foxes, rabbits, and poultry. Some of this reseagspecially in horses, is included in
his paper from 1922. The Japanese scientist Islalsudied with Ivanov and after he
had returned to Japan began a similar programrgelan 1912 (Nishikawa 1962). In
Sweden, Lagerlof became known for his researchnéertility problems in bulls.
Other Scandinavians, such as Blom (1950), followrdlishing a steady stream of
excellent papers on abnormal sperm morphology é2002). Intensive growth of Al
occurred in the 1940s in the United States witlselcollaboration between dairy cow
farmers and researchers. In Hungary Kaldrovicsraddi890 then Threisz from 1902
successfully utilized equine Al in the Kisbér aneéZhegyes Studs (Bélcshazy and
Mészaros 1962). DeédHdamori after the World War 1l. introduced geneyadttificial
insemination in order to stop the spread of intadi Trypanosomiasis. One year after
the other artificial insemination stations had bestablished throughout the country.
In 1950 seventy four Artificial Insemination Stat® were working and altogether
42.000 mares were inseminated with sperm of 24lliosis. In average 175 mares
were booked for one stallion. Several stallions imate than 300 mares for breeding
(Mészaros 1951). In 1953 the number of Al statiansl mares inseminated was
culminated (63.000 horses in 120 breeding statiang) one-third of the broodmares
were bred with Al. The reorganization of agricutdrom the mid-1950s caused that
importance of horse breeding gradually declinedifi@al insemination was also
getting underplayed. In 1960 only 9000 mares weserminated, to the year of 1965



the application of Al had been almost completelyngyoln the years of 1970s,
Magdolna Alhegyi started cryopreservation of stalsemen in the National Artificial
Insemination Station because of a dramaticallyidedh the number of horses, only
this way was feasible to ensure preservation oétenliversity of bloodlines of rare
breeds.

In the last decades the use of artificial insenmamafAl) in equine reproduction has
been increasing again worldwide in the horse ingusffering many advantages over
natural service. Some of the reasons for this deline choice of a great number of
stallions, safety for both the mare and the stalli@duced risk of infectious disease
transmission, and transport inconvenience. Althopgbegnancy rates have been
shown to be equal or even higher after Al with tires chilled semen compared to
natural service, lower fertility occurs when maags inseminated with frozen semen
(Jasko et al. 1992, Samper 2001, Janett et al.)2@8ne experimental and field
studies however indicate that acceptable fertiith frozen semen is possible with
good quality semen, selection of mares and stallaowd good mare management, and
may not differ significantly from the fertility ofommercial cooled semen (Metcalf
1995, Barbacini et al. 1999, Loomis 2001). Basedmynclinical experiences | agree
with these findings.

Smith and Polge (1950) first froze equine spern@don 1950 and the first equine
pregnancy using frozen semen was reported in BankdrGandier (1957). Recently
the total Al with cryopreserved or cooled equinmer is 0.5 million Al/year all over
the countries. From the total number in 0.1 millidhyear has been used frozen
semen. Around 350.000 foals are born each yearr aftecessful artificial
insemination (Central European Management Inteltge/ CEMI/, frozen + fresh data
from 2006). Frozen semen offers breeders additidrealefits not available with
cooled semen: Stallions need not be available f@ryesecond day collections,
allowing for involvement in performance events dgrihe breeding season; lliness,
injury or death of a stallion does not prevent ms®tion of mares with his semen,;
Frozen semen can be shipped in advance and madtan the farm until the
optimum time for insemination; It allows for inteional distribution; Less semen is
wasted while all the semen collected for freezmgrocessed and stored resulting in
an average of 10—12 insemination doses per ejacHlavever some disadvantages of
utilization of frozen semen limiting their genetslage: Frozen semen results in lower
fertility than with cooled semen for many stallipriglore technical expertise is
required for processing frozen semen than cooletksg Increased costs associated
with management of mares due to more frequent enations (Loomis 2001).



The equine artificial insemination was getting avnepetus from the end of 90’s also
in Hungary. In 2003 forty two equine Al stationsre/avorking in the country with

314 stallions and around 5000 mares were inseminatech was half of the total
number of broodmares involved in the breeding. Aftee governmental financial
support system was stopped many of them have cldeed010 twenty three Al

breeding stations were working with 96 stallionatédof Central Agricultural Office

INemzeti Elelmiszerlanc-biztonsagi Hivatal/ and ibiaal Horse Information System
/OLIR/, personal communication of Dr. Ferenc Flarid Csilla Végi). The ratio of Al

in all breeding services decreased however thezatitn of frozen semen and
imported cooled semen increased in the recent y&s "conservation of genetic
resources" programme and supports for in vitro @nex situ preservation of
protected native and endangered farm animal bre&ang in 2012 hopefully will

bring again upsurge in Hungarian horse breeding.

In the recent years modern breeding technologike hysteroscopic low-dose
insemination, fluorescence-activated sex sortingstlion spermatozoa, embryo
transfer, embryo freezing and bisection, transwaginltrasound-guided oocyte
collection (OPU), intracytoplasmic sperm injectitor fertilization (ICSI), gamete
intrafallopian transfer (GIFT) and nuclear trangfgloning), have all been applied to
equids with encouraging success (Allen 2005).

In the horse breeding selection of sire is basegaesformance, genetic potential and
exterior. However excellent sport or race perforoeaand noble appearance are not
related to great fertility of the stallion. Unlikeills, stallions have been not selected by
the artificial insemination (Al) industry for manyears and generations based on
semen production, sperm quality and freezabilityisTexplains that there is a wide
variation in semen characteristics among indivis@add in remarkable rate the semen
guality is not sufficient. In some breeds (Kavakakt2004) or rather in some genetic
lines increased proportion of morphologically abnal spermatozoa was observed
which is considered inheritable due to inbreedmg, in the case of Kuhaylan Zaid
Arabian line (Mészaros et al. 1951, Bolcshazy arébMros 1962). In more countries
like in France or Netherlands semen evaluation édopmed in the prospecting
breeding stallions. In the Netherlands it has hleeammended that minimum values of
semen quality of 3-year-old stallions for registnatin the studbook is a mean total
number of motile, morphologically normal sperma@zé 2 x 18 and a mean of 50%
for motility and 50% of morphologically normal spstozoa (Parlevliet et al. 1994) No
such official recommendation exists in Hungarytfe young stallions, although there is
a Hungarian Standard for breeding stallion sem884/1999) which proposes at least



40 x 10 spermatozoa in 1 ml gel-free ejaculate, 20 mlifigeg-volume, 40 % motility
and < 30% sperm with any morphologic aberrations, ifsldhan half of these
abnormal cells have primary defect. Moreover onsenmnation dose of diluted
extended stallion semen is recommended to haeastt3-5 x 16 total number of live
spermatozoa and to haxel0 % progressive motile sperm at the time of irisation.
Both of healthy reproductive status of the broodmamnd good quality semen of the
breeding stallion are playing key-role in the ssstel fertilization and producing
offspring. Al, cooled- and frozen storage of thmen give opportunity to allocate more
doses from one ejaculate of the breeding stallimhta inseminate several mares even in
more-hundred kilometres distance from the stud fatmere the sperm was collected.
This is unrealizable if the stallion is used fotunal service. Considering this tendency in
the world it is need to lay greater emphasis omaxation of stallion sperm quality even
before receiving the breeding permit. Conventicehen evaluation is very subjective
mainly based on sperm concentration and movemethieasspermatozoa. In spite of its
limited applicability, motility and progressive nildyy are the most commonly used
parameters in the evaluation of stallion semenbath laboratories and studfarms,
because it is easily accessible and quick to parf@fatila et al. 2001a). Various
techniques and protocols are available for evalnatif the spermatozoon. However
besides routine examination to combine severa t@stise combined analyses of more
features are needed for quality and fertility estibn of equine semen (Katila 2001a,
Colenbrander et al. 2003). It should be taken e¢otesideration that if parameters of the
fresh semen are behind the desired level, aftdedtransportation or cryopreservation
these would be declined. Using multi-parametric ex@ranalysis methods subfertile
and infertile stallions would be identified and sea for decreased pregnancy results
may be revealed (Colenbrander et al. 2003).

It is important that a reliable sperm quality cohtwill be available in both of
introduction of a new technology or annual or dadlytine examination of the stallions
in the practice. Kovacs-Foote staining procedurevéi€s and Foote 1992) has been
tested in many species since its first debut ang beasuitable for complex quality
control of the semen. In the equine species focteect evaluation it was necessary to
improve and modify the assessment technology, eee the ideal settings in every
steps of the staining. Comparing the treatment&ansperm manipulation process and
investigation of subfertile and fertile stalliongjefined new classification which could
make the comparisons more sophisticated and wiicbhapable of more complex
evaluation.



2. LITERATURE OVERVIEW

2.1 Breeding soundness examination of the stallion

Annual assessments for actively breeding stalljpmsr to the breeding season can
help with management decisions and provide a resélir comparison if a problem
should arise. Complex breeding soundness examm@BS&E) of the stallion is an
attempt to provide an estimate of a stallion's ipidé fertility and is composed of the
following: History (past breeding records, illnessedications, pedigree); General
physical examination (body condition, inheritablenditions, external genitalia,
testicular evaluations, and measurements); Evalouatf libido and mating behavior;
Quantity and quality evaluation of semen; Ancilgrocedures (bacterial cultures,
cytology, special stains, hormone analysis) (Julgsal. 2000, Steiner 2002). The
Society for Theriogenology has developed GuidelifmesClassification of Breeding
Stallions (Kenney et al. 1983) based on breedingndées by natural service or 120
mares by artificial insemination with a result dfl@ast 75 % of the mares become
pregnant. Stallions are classified as satisfactopyestionable, or unsatisfactory
breeding prospects. To be classified as satisfadioe following criteria must be met:
stallion demonstrates good libido and mating abilinormal penis without
inflammatory lesions, free of venereal or transibiss diseases or potentially
heritable defects; negative EIA (Coggins) test; tsayotal testes and epididymes
which have normal size, consistency, and shapal $ototal width greater than 8.0
centimeters; a stallion produces a minimum of ofiei morphologically normal,
progressively motile spermatozoa (corrected fosseae.g. 2 billions in May) in each
of 2 ejaculates collected 1 hour apart. Under tlceiseria the stallion is classified as a
questionable or unsatisfactory. Several stalliores reot used for 40/120 mares and
may be able to settle a smaller book of mares vatlequate reproductive
management. A recent report indicates that the mmaok& of Thoroughbred stallions
in North America has increased considerably inl#st 20 years, and that in 2005,
11% of stallions had a book greater than the i@dht book of 40 mares. More
importantly, over 50% of Thoroughbred mares weredbby stallions with books
greater than 40 mares, and 35% of the mares wedelyr stallions with books greater
than 80 mares. Interestingly, foaling rates inaedass the book increased, indicating
that selected fertile stallions are able to coupith the larger books (Turner and
McDonnell 2007, Brito 2007).



2.2 Stallion semen

In the process of BSE two semen samples are cedlétom the stallion one hour
apart. The two ejaculates are considered reprasaniivolume of the ejaculates are
similar and the second contains approximately adethe number of spermatozoa as
the first with comparable or increased sperm nigtiimmediately after collection,
the sample is evaluated for colour, clarity, andun@®. The gel portion of the
ejaculate should be removed by filtration. Nexg thotility of the sperm should be
assessed and sperm concentration determined usiegsameter, hemocytometer, or
spectrophotometer. Sperm concentration multipligdgbl-free semen volume will
give the total number of sperm. Live/dead ratio sgermatozoa and sperm
morphology is also addressed as well as longeVitgpermatozoa (Steiner 2002).
Composition of semen shows species specific andvichhl differences within
species moreover changes occasionally in diffeegatdulates. Individual differences
are related to spermatogenesis and secretion afssmxy sex glands. Sperm
production of the stallion depends on age, tesircublume, sperm reserve capacity of
the epididymis and is also influenced by extrinisictors as nutrition, temperature,
breeding season, frequency of ejaculation, medicafHaraszti and Zoldag 1993,
Pickett 1993a). Volume of equine semen is in awarég ml (30-300 ml), sperm
concentration is 30-800 x 1@perm/ml. The light-absorbance of semen is priyari
influenced by the spermatozoa, therefore opacityhefejaculate is proportional to
sperm concentration. The pH of the semen is detenby accessory sexual glands
which is pH. 6.6-7.6 (Pécsi 2007). The semen ispmsad by two main parts: cellular
elements (5-10% dispersed portion) and seminalnaAa$90-95%). Spermatozoa
compose the main part of cellular elements andratbls like nucleated epithelial
cells of reproductive tracts, immature spermatohpaphocytes, leucocytes are also
found in this fraction. In addition protein, lipichigment particles and prostatic
amyloids are also analysed from the semen. Senplama is the product of
accessory sex glands. Different types of bacteag be also presented in the sperm
related to bacterial flora of the praeputium (Hateand Zdldag 1993). Values for the
most frequently used parameters of fresh equineseare presented in Table 1.

Evaluation of daily sperm output (DSO) is a criveriused to assess the breeding
potential of a stallion. In order to accuratelygot the number of mares a stallion can
breed or the number of Al doses a stallion candytklring a given time period it is
also necessary to know the number of morphologicatbrmal spermatozoa in
ejaculates. (Stich et al. 2002, Einarsson et @920Collecting and evaluating total



spermatozoa number (TSN) per ejaculate found tis& Determinations can begin as
early as on the"™5day for stallions with smaller testes, and on &é&" day for
stallions with larger testes (Kavak et al. 2003b).

Table 1. Quantitative and qualitative parameters bfresh equine semen
(Juhasz et al. 2000, Juhasz anddy 2003)

Parameter Mean + SD Numper of Reference
Stallions
65 + 26 398 Parlevliet et al. 1994
45 + 30 417 Pickett 1993b
Gel free volume 33.7+£2.13 165 Dowsett and Knott 1996
(ml) 51.6 £31.5 8 Long et al. 1993
45.3 £ 30.9 47 Dowsett and Pattie 1982
63.1 245* Juhész and Nagy 2003
206.1 £ 168.5 398 Parlevliet et al. 1994
335+232 417 Pickett 1993b
Concentration 164.13 + 39.35 165 Dowsett and Knott 1996
(10°/mi) 223+ 148 8 Long et al. 1993
178 + 168 47 Dowsett and Pattie 1982
192.5 + 169.6 245* Juhasz 2003
11.29+7.13 398 Parlevliet et al. 1994
11.9+9 417 Pickett 1993b
Total sperm 6.34 £1.93 165 Dowsett and Knott 1996
number (10°) 9.1+4.7 8 Long et al. 1993
7.21 £6.87 47 Dowsett and Pattie 1982
8.44 +4.61 245* Juhész and Nagy 2003
53+ 15 417 Pickett 1993b
Total motility 76.43 165 Dowsett and Knoj[t 1996
%) 72.1+16 47 Dowsett and Pattie 1982
70.3+17.4 64 Jakso et al. 1991
70.3+17.4 245* Juhész and Nagy 2003
68+9 398 Parlevliet et al. 1994
Progressive 53.1+16.2 8 Long et al. 1993
motility (%) 52.7 £23.8 64 Jakso et al. 1991
66.9 +10.4 245* Juhéasz and Nagy 2003
Live 6516 398 Parlevliet et al. 1994
spermatozoa 82.56 165 Dowsett and Knott 1996
(%) 78.8 47 Dowsett and Pattie 1982

*data based on 245 ejaculates of 8 different stadli

Collecting one ejaculate per day for 10 consecudiags found that TSN decreased
successively from day 1 to 8 in full-size horses] &#om day 1 to 4 in small-size



horses, thereafter remaining approximately at #reesnumber. The DSO, calculated
as the mean of TSN of days 8-10 was 6.4 %(k@vak et al. 2003b, Einarsson et al.
2009).

2.3 Spermatozoa production, spermatogenesis, spematuration

Spermatogenesis is a process of division and difteation of cells from diploid
germinal cells termed spermatogonia, to haploiduneaspermatozoa in seminiferous
tubules of the testis. Spermatozoa are releaseg @22 days in horses, however, the
duration of spermatogenesis is around 57 days &dohet al. 1997). The 57-day-
period may be divided into three phases, includsggermatocytogenesis, where stem
cell spermatogonia divide by mitosis to producesotstem cells in order to continue
the lineage throughout the adult life of the m#tey also divide cyclically to produce
committed spermatogonia and primary spermatocyiies<! (days); meiosis, the period
of replication (primary spermatocytes) and thenuotidn of genetic material into
haploid spermatids (19.4 days); and spermioger@sspermiomorphogenezis which
is a Sertoli cell aided differentiation of spermdati(18.6 days). Spermiation is the
release of spermatids as spermatozoa into the lafgeminiferous tubule. Transit of
sperm through the efferent ductules and the epmlislys associated with significant
maturation changes such as gaining the capacitypfogressive motility; final
condensation of the nucleus and further modificawd the form of the acrosome;
alteration of plasma membrane surface (release,ificeitbn and adsorption of
proteins and lipids); migration of cytoplasmic degpfrom a proximal to distal
midpiece position. The most important functionabrjes in sperm occur in the
efferent ductules, caput and corpus of epididy@germ taken from the distal part of
corpus and cauda epididymis already have the palewot fertilize (Bart and Oko
1989, Gadella et al. 2001). Approximately 9 dayes @quired for transportation of
spermatozoa through the excurrent duct system.eldrery, a new population of
spermatozoa is ejaculated every 64—66 days (AmaeB,1Card 2005). The cauda
epididymis has properties that allow the spermetstored for several weeks. Seminal
fluids secreted by accessory sex glands (ampuksminal vesicles, prostate,
bulbourethral glands) added during ejaculation eseag a vehicle, stimulate the
metabolism of sperm and provide the energy requargsfor passage through the
uterus (Bart and Oko 1989, Gadella et al. 2001)dntact of female reproductive
tract, mainly in the isthmus of oviduct the sperozath undergo special changes
termed “capacitation” which include reorganizatioof membrane proteins,
metabolism of membrane phospholipids, reductiommgmbrane cholesterol levels.
Capacitation takes 6-8 hours in stallion spermadqx@nagimachi 1994).



The process of spermatogenesis, steroidogenesitesiiclilar function are regulated
by a complex interplay of endocrine, paracrine audocrine signals. It is well
established in many mammalian species, includirghbrse, that normal testicular
function is dependent upon a functional pineal gland hypothalamic — pituitary -
testicular (HPT) axis. The pineal gland secreteslatoein that acts on the
hypothalamus to regulate gonadotropin-releasingnboe (GnRH) output. GnRH
stimulates secretion of the pituitary hormonesgihizing hormone (LH) and follicle
stimulating hormone (FSH), which in turn acts & tavel of the testis. LH binds to
receptors on testicular Leydig cells to stimulat®doction of testosterone and
estrogens while FSH binds to the Sertoli cell instate production of estrogens,
inhibin (INH) and activin. These testicular steroahd protein hormones are
components of the classic feedback mechanisms vedoin the regulation of
hypothalamic GnRH and pituitary LH and FSH (Ama®93).

Recent studies in the horse have demonstrated dtentm@l involvement of other
hormones such as opioids, prolactin, growth horm(id), thyroid hormone and
activin (Gerlach and Aurich 2000, Arai et al. 206&ser 2007). Moreover, evidence
indicates that local paracrine - autocrine factetthin the testes such as growth
factors like IGF-1, oxytocin, vasopressin, pro-etkains, enkephalins,
propiomelanocorting-endorphins, cytokines, transferring, modulate ende control
of testicular function, steroidogenesis and speogeiesis (Roser 2008). Systemic
hormones and local testicular factors work togetbdnitiate and maintain testicular
function. Testosterone from the Leydig cells difasnto the seminiferous tubules and
in conjunction with FSH signals the Sertoli celbsproduce local factors that initiate
and maintain development of the germ cells. FSHfigritical importance in the
initiation and expansion of spermatogenesis in malamuring puberty, however the
role of FSH in the regulation of spermatogenesistha adult mammal is still
controversial. (Zirkin et al. 1994). Many of thec#éd interactions in the equine testis
are unknown. Inhibine and activin have endocriregaprine and autocrine functions.
Inhibin feeds back on the pituitary to inhibit thelease of FSH. Activin has been
shown to positively modulate the release of FSkhatlevel of the pituitary in other
species, but its action in the stallion is unknq®oser 2007). IGF-1 may be involved
in testicular development (Hess and Roser 2001eiRz2308).

Billions of spermatozoa are produced each day. Mahyhe cells produced are
defective and some are eliminated through apoptogisphagocytosis by the Sertoli
cells, whereas others are passed into the ejadiHat@nger et al. 2004, Card 2005).
Sertoli cells, the somatic component of the serainiiis epithelium, are critical for
germ cell development during spermatogenesis. Highironmental temperature,
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other conditions such as fever, orchitis, peridishhydrocele, scrotal hemorrhage,
scrotal edema, scrotal dermatitis and impropertacescent can interfere with the
thermoregulatory mechanism necessary to cool thstisteand allow normal
spermatogenesis (Varner et al. 1991, Johnson E9@r.).

2.4 Structure of equine spermatozoa

The spermatozoon consists of the head, neck, ananthis entirely covered by the
plasma membrane. The tail is the longest part efsfrermatozoon and consists of
midpiece, principal piece, and end piece (Figs /B, Amann and Graham 1993,
Brito 2007). The length of equine spermatozoonpigreximately 60um (Pesch and
Bergman 2006, Brito 2007). Every part of the spéox@a plays important role in the
fertilization process. The plasma membrane surrstinel spermatozoon in total and is
characterised by a regional specific glycoproteid Bpid, mainly phospholipids and
cholesterol constitution. These so-called surfacenans are important for the
function of the membrane areas. For example, thé glathe membrane at the
equatorial segment is responsible for the contactthe oocyte membrane in
fertilization (Busch and Holzmann, 2001, Pesch &wmtgman 2006). Lipids are
arranged as a bilayer. Proteins are intermingled thie lipids as integral or peripheral
proteins. The ratio of cholesterol to phospolipatsd the nature of phospholipids
determine the flexibility of the membrane, which “#uid” at body temperature
(Hammerstedt et al. 1990, Juhasz et al. 2000)nRlamembrane of stallion sperm
contains approximately 57% phospholipids, 37% dtel®l and 6% glycolipids, such
that the stallion sperm differs primarily with reédao its relatively high cholesterol
content. Phospholipids are the major lipid compémnand they are largely composed
of polyunsaturated fatty acids (PUFA) (Scott 19#8)particular, docosahexaenoic
acid (DHA; 22:6 n-3, an omega-3 fatty acid) andasapentaenoic acid (DPA; 22:5
n-6, an omega-6 fatty acid). Stallion sperm diffem those of the other mammalian
species by having a surprisingly very high conteht22:5 fatty acids in their
phosphocholineglycerides and phosphoethanolamicegties fractions  of
phospholipids and relatively few 22:6 fatty aci¥aagimachi 1994, cited: Gadella et
al. 2001).

The spermatozoon head is formed by the acrosoragadstacrosomal lamina, and the
nucleus (Fig. 1/A). The anterior two-thirds of tmecleus is overlaid by the acrosome,
which is a specialized vesicle formed from a dodalered membrane which

contains hydrolytic enzymes essential for spernwinzpenetration of the zona
pellucida of the oocyte. The acrosome is coveredheyinner and outer acrosomal
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membrane and can be divided into apical, princgal equatorial segments. The
equatorial segment does not contain enzymes andtignvolved in the acrosomal
reaction, but the plasma membrane in this aresfw#é the plasma membrane of the
oocyte. The postacrosomal lamina may have a rodtachment of the spermatozoa
to the oocyte. The nucleus compromises most o§pleematozoon head and contains
the genetic material in the form of highly condeh&NA. The nucleus is contained
by a double-layered nuclear envelope. The baséefmtcleus terminates with the
implantation fossa, where the outer layer of theibde-layered nuclear envelope
thickens to form the basal plate, which provides #ittachment of the head to the
capitulum of the neck. Position of the implantatifossa is often abaxial in the
stallion, therefore abaxial position of the tail c®nsidered normal in equine
spermatozoa. This results in curvilinear movemérthe spermThe border between
the head and neck is clearly defined by a postemg (Amann and Graham 1993,
Juhdsz et al. 2000, Brito 2007).

The head of the equine spermatozoon is elliptiteps, slightly thicker at the
posterior part. Reported means for dimensions ef dtallion spermatozoon head
include: 5.33um to 6.62um for length, 2.79m to 3.26um for maximum width, 0.43
to 0.52 for length/width ratio, 13.76m to 15.64um for perimeter and 11.48m° to
16.28 um® for area. All reports indicate a significant stail effect (Dott 1975,
Bielanski and Kaczmarski 1979, Ball and Mohamme85]3ravance et al. 1996,
1997, Casey et al. 1997, Pesch and Bergman 20@6, Z07). The variation in the
shape of normal stallion sperm heads is considerawhging from somewhat thinner
and elongated to shorter and broader forms. Theecoclassification of sperm with
extreme head shape morphology may be difficult, tieddistinction of tapered and
microcephalic sperm heads requires comparison amsemgral sperm to establish
what the “normal” sperm head shape for an individsiallion is (Brito 2007).
Substantial differences in sperm head shape aedwsre found between breeds and
within breeds in stallions. However preparationspérm for morphometry analyses
was also important, sperm head size as determionetd Feulgen-stained spermatozoa
was smaller than that determined from live, unfixedermatozoa (Ball and
Mohammed 1995). Differences in sperm head sizeintireed have been reported in
both Warmblood (Ball and Mohammed 1995) and Spaiiisbroughbred stallions
(Hidalgo et al. 2008). Similarly, differences beemebreeds have been observed in
Arabian, Warm-blood, Thoroughbred and Morgan sia#ii (Ball and Mohammed
1995). The results of study Phetudomsinsuk et 2008) confirmed the previous
observations; morphometric characters of normakmnspkeads were significantly
different among individual Thai native croosbred ¢f control warmblood (purebred)
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stallions, and between T and Purebred stalliong Adads of stallion spermatozoa
were analysed by computer-assisted sperm head orogihy (ASMA) in several
studies. The mean values for length, width, areharimeter in the major cluster of
sperm head dimensions of fertile stallions (>60% @gle conception rate) were
significantly different from those of the subfegtilstallions (<40% per cycle
conception rate). The range of values of the majoster of fertile stallions was
length: 4.9-5.7um, width: 2.5-3.0um, width/length ratio: 0.45-0.59, area: 10.3-12.1
um?, and perimeter: 12.9-14;2n. On the basis of these values, a significantinéi
percentage of normal sperm heads were found ifettike group than in the subfertile
group of stallions (52% versus 19%). The resuliggsst that a value of < 30% of
spermatozoa with normal head morphometry may inelidgenpaired fertility in
stallions, while a value > 40% would be indicatioka fertile stallion. The mean
measurements for length, area and perimeter wgnéisantly larger in the subfertile
than the fertile group (5.77 vs 5.3, 12.66 vs 11.37m” and 14.59 vs 13.64m
respectively). Sperm in subfertile stallions alended to be more tapered than in
fertile stallions (Gravance et al. 1996, Caseyl|etl@97). The larger sperm heads
found in subfertile stallions may reflect disturbas in spermatogenesis, particularly
involving altered chromatin structure. Howeverisiimportant to note that subfertile
stallions also had lower total sperm number andgreages of motile and normal
sperm in the ejaculate than fertile stallions, wHikely also influenced fertility (Brito
2007). Révay et al. (2004) measured the head direallcspermatozoa after viability
and acrosome staining using trypan blue and Giestaas, followed by X- and Y-
chromosome-specific fluorescence in situ hybridsat (FISH). In all bulls,
morphologically normal, viable cells with intactrasomes were significantly smaller
than dead cells with damaged acrosomes. No signifidifference in the head area
between X- and Y-chromosome-bearing viable, acresmtact spermatozoa was
found in individual bulls. It seems that live/destditus of the sperm also influences
head-morphometry and partly can be the reasoniftreh values of spermatozoa of
subfertile males. Arruda et al. (2002) studied tbHects of extenders and
cryoprotectants on stallion sperm head mophomediyguASMA. The morphometric
parameters such as length, perimeter and area wigraficantly smaller in
cryopreserved sperm than in fresh-extended spehanggs in dimensions might be
due to acrosomal damage or alteration in chrometimdensation associated with
cryopreservation, or extender’s osmolarity.

The spermatozoon neck is a short linking segmetwdmn the head and the tail
contains the connecting piece, the proximal celetriwhich are the base of the dense
fibers and the axoneme (Fig. 1/B). This regionhis site, where beat of the tail is
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initiated. The tail of the spermatozoon includes thiddle piece, the principal piece
and the end piece. The length of the tail is inrage 54 um (midpiece: 10 um,
principal piece: 40 um, end piece: 4 um). Diamefehe midpiece: 0.9 um and of the
principal piece< 0,6 pum. The midpiece is the widest part of théftaimed by the
axoneme surrounded by the nine outer dense fibsisttze mitochondrial sheath,
extends from the caudal end of the neck to the lasngor Jensen’s ring).
Mitochondrial sheath is the helically arranged mhtondria, which contains enzymes
and cofactors for production of ATP. The axonemeé dense fibers of the midpiece
continue through the principal piece, but the defisers become narrower and
terminate at different levels in the distal priradipiece. The principal piece is the
longest part of the spermatozoon. It contains tkeneme, the dense fibers and a
fibrous sheath, which is characteristic of thistp&he axoneme consists of a central
pair of microtubules surrounded by nine microtubdieublets which are the elements
that contract to produce sperm tail movement. Aroaenicrotubules extend from the
neck region through the midpiece and principal @igdo the end piece, where they
terminate at slightly different sites. The denseeffs and fibrous sheath do not
contract; however, they provide rigidity and flektly at the same time for the
flagellar movement. The end piece is the shortitehsegment of the tail containing
only the axoneme or single microtubules which amerasinded by the plasma
membrane (Bielanski and Kaczmarski 1979, AmannG@raham 1993, Juhasz et al.
2000, Brito 2007).

—-— Plagma membrane —
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Figure 1/A. Structure of stallion spermatozoon
(Source: Amann and Graham 1993, Brito 2007)
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Figure 1/B. Structure of stallion spermatozoon
(Source: Amann and Graham 1993, Brito 2007)

2.5 Morphology of stallion spermatozoa

The morphologic assessment of spermatozoa hasgahistory that begins with the
scientist Van Leeuwenhoek in 1678. He noted “aricoéa” in seminal fluid, and
was the first to record heterogeneity in spermabbead shapes in men and other
species. Sperm vary considerably in their morphplbgtween and within species
related to sperm competition and cooperation. Highr-male variability and high
levels of sperm pleiomorphy within ejaculates dpeavved in species with low levels
of sperm competition (e.g. some monogamous passéints in the nature or in
domestic animals which are not selected for speuality: dog, horse) possibly
because of relaxed selection pressure on sperntyqoantrol (Birkhead and Immler
2006). It has been shown that specific morpholadpcormalities of spermatozoa are
related to male sub- or infertility. Systematic dias of spermatogenesis and
spermatozoal morphology resulted in the developrogérat number of classification
systems (Card 2005).
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2.5.1 Classification systems

During morphology evaluation of spermatozoa stmectof the sperm is analysed,
alterations compared to normal cells and the pteporof abnormal sperm are
determined (Pécsi 2007). Abnormalities in spera@db morphology traditionally
have been classified gwimary, secondary or tertiary according to their origin.
Primary defects are representing a failure of sp&sgenesis caused by pathological
processes in the seminiferous epithelium. Primagfea is therefore testicular in
origin and includes such defects as nuclear vasupigriform heads, microcephalic
sperm, Dag defect, and mitochondrial sheath deféetondary abnormalities are
created in the excurrent duct system representfaguse of maturation and abnormal
epididymal function. An example of a Secondary defe a distal midpiece reflex
(DMR). Tertiary abnormalities develop in vitro asrasult of improper semen
collection or handling procedures (Blom 1977, Baatid Oko 1989). Using the
traditional classification system the assortmertt & interpretation can be incorrect
because the origin of some spermatozoal morpholignormalities is unknown and
some defects can be either primary or secondaoxifal droplets may be either the
result of a disturbance of spermatogenesis (prijnarya disturbance of epididymal
function (secondary). Detached heads may be daedtfect of the basal plate which
connects the sperm head to the midpiece (primany)t may be due to abnormal
epididymal function (secondary) (Barth 1994) orcdan be artifact produced by
smearing the semen (tertiary) (Varner 2008). Higbpprtion of cells with distal
droplet can be the result of epididymal malfunctbrt may be caused by a lack of a
haemolytic factor in seminal fluid which is onetbe product of seminal vesicle that
enhances cytoplasmic droplet release (Barth and 1989). It is also important to
note that definition for primary and secondary apelefects denotes the origin and
not the severity of a defect. Primary defects atnecessarily more deleterious to
fertility than secondary defects as a common nespretation of this system shows.
Furthermore since adverse conditions that caudetipés of abnormalities can affect
epididymal function and spermatogenesis simultasigoyrimary and secondary
defects are equally important as indicators ofudiEince of testicular function (Barth
1994).

Another classification system reported by Blom lab#gefects asMajor or Minor
according to their importance to fertility. Majorefécts include abnormal heads,
midpieces, proximal droplets, double forms, whicle #ought to have a greater
impact on fertility. The major defects are mostipde that have been associated with
a presumed disturbance of spermatogenesis. Mirfectdesuch as distal droplets or
simple bent tail have an unknown role or no coneaqge for fertility. (Blom 1950,
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1973, 1977, Barth and Oko 1989, Barth 1994, CafibPAlthough minor defects are
of less importance with regard to fertility, theyayncause a serious reduction in
fertility when present in very high numbers (Blo®/Z, Barth and Oko 1989).

Another concept regarding spermatozoal defectslviegodetermining if the defect is
compensabler non-compensableA compensable defect (e.g. knobbed acrosome or
bent tails) is one where the defective spermatcateer do not reach the site of
fertilization (uterotubal junction filters a progimm of abnormal sperm), or if the
defective spermatozoon reaches the oocyte but ajbte of penetrating the zona
pellucida and the cortical reaction is not inducBdese defects may be compensated
by increasing sperm dosage. Defective spermatotoehvare not filtered and which
are capable of penetrating the zona pellucida ngusortical reaction but are not
supporting further embryonic development and carb®tcompensated by higher
number of sperm in the insemination dose. Thesecoampensable spermatozoal
defects interfere with fertility and compete witbrmal spermatozoa for fertilization.
An example of a non-compensable defect is a defiechromatin condensation or
diadem defect (Saacke et al 2000, Barth 1994, @&@b). Consequently it is
important to realize that breeding doses with d#ifé sperm defects might also have
different effects on fertility even when the perages of normal sperm are the same
(Brito 2007). Barth and Oko (1989) proposed limafs different group of sperm
categories considering the fertilizing ability dtietbull ejaculate: 1. Abnormalities of
the nucleus that would allow oocyte penetratiomazceaction, or syngamy (but not
fertilization or embryonic development) cannot bketated at levels than 15-20% of
spermatozoa. 2. Abnormalities of the acrosome ernsgail do not interfere with the
ability of other normal cells to fertilize ova arnldus can probably be tolerated at
levels up to 25% of spermatozoa. 3. At least 70%pefrmatozoa should be normal.

The current trend is toecord the numbers of specific morphologic defectsich as
knobbed acrosomes, proximal cytoplasmic dropletgllen midpieces and coiled
tails. This method of classification is considemsagerior to the traditional system
because it reveals more specific information reiggré population of sperm, while
avoiding false assumptions about the origin of ehdsfects (Varner 2008). Any
clustering method is used, normalities and abnotiesl should always be
consistently identified and categorized (Juhasz Bady 2003). Simple, practical
method which can also be used in routine examinasidthe classification that defines
main morphologic categories according to subdomairise sperm then divides them
further into subcategories (Fig. 2).
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(E)

(G

Figure 2. Normal and abnormal sperm morphologic fetures (Source: Varner 2008)

a) Normal spermatozoa (A)
b) Abnormal head morphology (B)
= macrocephalic (B1)
= microcephalic (B2)
= nuclear vacuoles or crater defects (B3)
= tapered head (B4)
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= pyriform head (B5)
= hour-glass head (B6)
= degenerate head (B7)
c) Acrosomal defects /knobbed acrosome/ (C)
d) Proximal cytoplasmic droplets (D1), distal cytopas droplets (D2, D3)
e) Midpiece abnormalities (E)
= segmental aplasia of the mitochondrial sheath (E1)
= roughed midpiece from uneven distribution of mitoetiria /corkscrew defect/ (E2)
= enlarged mitochondrial sheath (E3)
»= bent midpiece (E4, E5, E6)
» double midpiece/double head (E7)
f)  Bent tail or hairpin tail (F)
» bent principal piece (F1-F4)
= single bend involving the midpiece-principal pigaection /DMR/ (F5)
= double bend involving the midpiece-principal pigaection (F6)
g) Coiled tail (G)
h) Fragmented sperm /detached heads or tailless hgfds/

i) Premature germ cells, round spermatids (I)

In the situation where a spermatozoon has more tmendefect, the Society for
Theriogenology guidelines suggests the most proxoheéect is identified on each
spermatozoa (Kenney et al. 1990). In this morphplegpluation system defects are
prioritized based on the assumption that certafieal® are more important or more
deleterious to fertility than others (Brito 200The differential spermiogram system
is similar to what occurs when we analyze the wbéks in a leukogram. All of the
abnormalites are counted regardless of one spero@icshows two or three defects.
Therefore, if a spermatozoon has a macrocephafid bed a midpiece defect, both
are enumerated. The type of head defects and m&lpiefects is recorded, too. To
enumerate multiple defects simultaneously, a spexH counter is used. When
abnormalities are counted on each spermatozoow, @@ number is added to the
total count when more than one defect are idedtibg pressing keys representing
multiple categories of defects. The percentagespefm defects when added to the
percentage of normal sperm will not tally to 100€a(d 2005, Brito 2007). In the
Primary and Secondary defect system, if a sperroatohas three defects such as a
knobbed acrosome, a swollen midpiece and a proxdr@let, one primary defect
would be enumerated even though there is anotlmapr (swollen midpiece) and a
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secondary (proximal droplet) defect present. UsiregMajor—Minor system where a
spermatozoon has a pyriform head, segmental apésiee mitochondrial sheath and
a distal droplet, only one major head defect wdadcenumerated. If a system is used
where the defects are prioritized so that only @nehosen per spermatozoon, the
examiner will achieve a percentage distributiort thgl total to 100%. They do not
have a record of the real distribution of all tipesnatozoal defects in the ejaculate. It
is not possible to track changes in individual defe Primary—Secondary, Major—
Minor or differential spermiogram systems will idiéy the percentage of normal
spermatozoa in the sample, which is a constant systems. Enumerating all defects
for each spermatozoon allows the examiner to déterthe potential of the defect to
interfere with fertility, and analyse the changeshe patterns or cellular associations
of the defects over time. Different defects foumdether represent more severe
disturbances in spermatogenesis and could infludmeg@rognosis (Veeramachaneni
et al. 2006). The present Society for Theriogenplégrms for stallion breeding
soundness evaluation have the following categotisted in the differential
spermiogram: normal sperm, abnormal acrosomal me@ieads, detached head,
proximal droplets, distal droplets, abnormal mideg and bent/coiled tails. The
presence of other cells (round germ cells, WBC, R&C.) should also be indicated
(Card 2005).

2.5.2 Preparation for morphologic evaluation

The standard evaluation of sperm morphology isgoeréd with phase and/or light
microscopy (Kenney et al. 1983) and computer-ass$istethods have also been used
(Ball and Mohammed 1995, Casey et al. 1997). Howenailable computer-assisted
methods can only evaluate the sperm head, not e¢oarghological abnormalities of
mid-pieces, tails and acrosomes (Kavak et al. 2004¢ morphology or structure of
spermatozoa is typically examined with a light roggope (LM) at 1000 x
magnification. Standard bright-field microscopeicptcan be used to examine air-
dried semen smears prepared by specific stainsmgaie hematoxylin/eosin,
eosin/nigrosin, Papanicolaou are the most wideldustains. Visualization of the
structural detail of spermatozoa can be greathaerodéd by fixing the cells in buffered
formol saline or a similar fixative, then viewinbet unstained cells as a wet-mount
with either phasecontrast or preferably, differ@rtmterference contrast (DIC)
microscopy (Kenney et al. 1983, Varner 2008). Mdetailed analysis can be done
using transmission and scanning electron micros¢Dpyt 1975, Dowsett et al. 1984,
Barth and Oko, 1989).

Brito et al. (2011) demonstrated that sperm momuplevaluation results varied,
depending on the evaluation method and cliniciarabglysing a diverse population
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represented a wide range of fertility, from norraad fertile to severely sub-fertile
stallions. There were significant differences amoreghods for all sperm morphology
categories. Wet-mount preparation with phase-cehtnaicroscopy appeared to be
more sensitive for identification of abnormal stall sperm when compared to
eosin/nigrosin- and Papanicolaou-stained smears.uBe of wetmount preparations
seemed to reduce the introduction of some artifédetached sperm heads), but
increased others (bent/coiled midpieces). The udswet-mount preparations and
phase-contrast facilitated the observation of awrws defects, nuclear vacuoles, and
cytoplasmic droplets, as demonstrated by the isexkgroportions of these defects
when compared to stained smears. However one ptafisadvantage of wet
preparations is the observation of improperly dadrsperm, i.e., sperm that do not lie
flat on the slide and therefore cannot be propeldgsified. A common concern with
eosin/nigrosin is the hypotonicity of the stain ahé possibility of introduction of
artifactual tail defects, e.g., bending and coiliddthough the use of Papanicolaou-
stained smears is the method recommended by the \(28@0) for evaluation of
human sperm, the results obtained with stallionrrapavere extremely poor.
Abnormalities of sperm head and size were readgyiified, but more subtle defects,
including acrosome defects and nuclear vacuoleg w#ficult to observe with this
stain. Moreover, staining of the tail was generdlbht and contributed to the
difficulty of observing rough/swollen midpieces, immpal piece defects, and
cytoplasmic droplets.

Although reference materials with detailed deswmi and comprehensive
documentation of sperm morphology are available smme species (WHO 2010,
Barth and Oko 1989), similar materials have nonb@eilable for stallions however
recent publication of Brito (2007) has attempted document stallion sperm
morphology in samples stained with eosin-nigroBint¢ et al. 2011).

Percentages for the most frequently used morpholagegories of spermatozoa of
stallions with normal fertility according to diffent publications are presented in
Table 2.
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Table 2. Means of spermatozoal morpologic charaatstics

[oc o)

[oclee]

oo o

[oclee]

Number of
Morpho!ogm Mean + SD Stallions Breed Reference
categories (%) and
(samples)
66 + 15* 398 Dutch warmbloo8 Parlevliet et al. 1994
61 +13 5 (10) different breeds Ball and Mohammed 1995
67.8 168 (531) 9 different breeds Dowsett and Knott 1996
Normal 59.8+9.4 8 (245) different breeds Juhasz and Nagy 2003
morphology 57.5+4 6 (12) Tori breed Kavak et al. 200&
74.4 £ 4 7 (14) Estonian breed Kavak et al. 2004
49.7+£1.3 5 (30) Thai native crossbre(¢ Phetudomsinsuk et al. 200
48.1 2.8 4 (24) Warmblood Phetudomsinsuk et al. 200
72.7%15 8 (23) Swedish Warmblood Einarsson et al. 2009
28+24 398 Dutch warmbloo8 Parlevliet et al. 1994
54+2 168 (5631) 9 different breeds Dowsett and Knott 1996
39+2.1" 16 (299) Thoroughbred Koyago et al. 2008
3-5 8 (245) different breeds Juhasz and Nagy 2003
Head defect 126 +1.7 6 (12) Tori breed Kavak et al. 2004
13.9+15 7 (14) Estonian breed Kavak et al. 2004
10.2+0.5 5 (30) Thai native crossbred Phetudomsinsuk et al. 200
134+1.1 4 (24) Warmblood Phetudomsinsuk et al. 200
10.2+0.7 8 (23) Swedish Warmblood Einarsson et al. 2009
51 +4.1 398 Dutch warmbloo8 Parlevliet et al. 1994
0.35+2.3 168 (531) 9 different breeds Dowsett and Knott 1996
45-6 8 (245) 8 different breeds Juhész and Nagy 2003
Abnormal 51+£1.2 6 (12) Tori breed Kavak et al. 2004
midpiece 24+£11 7 (14) Estonian breed Kavak et al. 2004
16.5+0.8 5 (30) Thai native crossbre(¢ Phetudomsinsuk et al. 200
239%21 4 (24) Warmblood Phetudomsinsuk et al. 200
5+0.9 8 (23) Swedish Warmblood Einarsson et al. 2009
21+21 398 Dutch warmbloo8 Parlevliet et al. 1994
75+22 168 (531) 9 different breeds Dowsett and Knott 1996
11.5+5.9 16 (299) Thoroughbred Koyago et al. 2008
10-15 8 (245) different breeds Juhész and Nagy 2003
Tail defect 6.6+14 6 (12) Tori breed Kavak et al. 2004
6.4+1.3 7 (14) Estonian breed Kavak et al. 2004
1.6+0.1 5 (30) Thai native crossbred Phetudomsinsuk et al. 200
3.31£0.6 4 (24) Warmblood Phetudomsinsuk et al. 200
3.7+0.7 8 (23) Swedish Warmblood Einarsson et al. 2009
15+3 168 (531) 9 different breeds Dowsett and Knott 1996
Detached 2.310.9 6 (12) Tori breed Kavak et al. 2004
head 2.310.9 7 (14) Estonian breed Kavak et al. 2004
1.6+0.3 8 (23) Swedish Warmblood Einarsson et al. 2009
Proximal 5.8 +4.6* 398 Dutch warmbloo8 Parlevliet et al. 1994
droplets 6.7+2.6 168 (531) 9 different breeds Dowsett and Knott 1996
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2.4 +2.6% 16 (299) Thoroughbred Koyago et al. 2008
25-4 8 (245) different breeds Juhasz and Nagy 2003
17.3+2.7 6 (12) Tori breed Kavak et al. 2004
2925 7 (14) Estonian breed Kavak et al. 2004
114 +1 5 (30) Thai native crossbred Phetudomsinsuk et al. 2008
55+0.7 4 (24) Warmblood Phetudomsinsuk et al. 2008
6.4+1 8 (23) Swedish Warmblood Einarsson et al. 2009
4.3 +4.3* 398 Dutch warmbloo8l Parlevliet et al., 1994
4.8+2.7 168 (531) 9 different breeds Dowsett and Knott, 1996
Distal 2-5 8 (245) different breeds Juhasz and Nagy 2003
droplets 10.5+0.8 5 (30) Thai native crossbre¢ Phetudomsinsuk et al. 2008
5.8+0.9 4 (24) Warmblood Phetudomsinsuk et al. 2008
361 8 (23) Swedish Warmblood Einarsson et al. 2009

* percentage of live (unstained) spermatozoa (abilue-eosin staining)

" Three-year-old young stallions

** The rate of spermatozoa with cytoplasmic droplgiroximal + distal droplets)
# Measurements from dismount semen (hematoxylinsinestaining)

> Morphological evaluation was performed in wet pregians made from the formol-saline fixed
samples
(Hancock 1957) and carbolfuchsin-eosin stainingafssesment of head defect

2.5.3 Abnormal morphology of spermatozoa

The pathogenesis and effects on fertility of spegperm defects have been more
extensively studied in bulls than in stallions aliph several observations related to
morphology of sperm from fertile and subfertilellsdas have been published. The
incidence of sperrhead defectss relatively high and these are usually eitherrtiost

or second most prevalent defects in the stalli@cwgate (Dowsett and Knott 1996,
Dowsett et al. 1984, Love et al. 2000, Jasko e1l@90). Thepyriform and tapered
head defects the most common sperm nuclear abnormality. Emahbers of these
defects are found in the semen of most bulls, @vdnlls of good fertility. Pyriform
head defects usually occur as a result of abnomesticular functions through
disturbances in intratesticular heat regulatiorendocrine balance (Barth and Oko
1989). The swim-up technique, which is used to pahighly motile spermatozoa
from the rest of the sperm population, did not gigantly decrease the proportion of
pyriform spermatozoa in the insemination droplefawarsky et al. 1995). This
finding is in agreement with previous reports tepermatozoa with pyriform heads
have motility similar to that of spermatozoa withrmal heads (Barth and Oko 1989).
These cells have generally normal intact acrosonmes. study of Kawarsky et al
(1995) visual assessment of the oocyte-spermatorderaction revealed pyriform
spermatozoa binding to the zona pellucida (ZP)epating the ZP, and entering the
perivitelline space. The rate of sperm penetratimil the rates of cleavage and
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development embryos beyond the 8-cell stage wittrnsptozoa from bulls with
mostly normal spermatozoa and bull producing o886 pyriform spermatozoa were
not statistically different. Other in vivo studidsave revealed differences in
fertilization rates using pyriform spermatozoa camgal with those of controls. In
vitro studies of Thundathil et al. (1999) parthgagreed with Kawarsky et al. (1995).
They indicated that sperm with tapered and pyrifbleads had reduced ability to bind
the zona pellucida, but that the capacity to pemetthe zona and fecundate the
oocytes after binding was unaffected. However, acefe sperm seemed unable to
sustain normal embryonic development after fecuadaThundathil et al. 1999).
Studies in bulls demonstrated that transport ofrapeith tapered and pyriform heads
was impaired and these sperm were selectivelyef&d” throughout the female
genital tract, so that only a small proportion mée@minated sperm with these defects
were found as accessory sperm (Saacke et al. 1998).

Microcephalic and macrocephalic sperane probably the consequence of insults to
primary and secondary spermatocytes that then &iawaeven distribution of nuclear
chromatin content after abnormal cell division {Br2007). It has been observed that
the incidence of macrocephalic heads in the spgmam of bulls with good fertility

is nearly always less than 1 %. It is much more room to observe an increase in
microcephalic heads, but the number generally doas exceed 5-7 % of the
spermiogram even in severe disturbances of speg®iaésis. The reason for that
these cells probably die before reaching the spiainstage and are phagocytosed by
the Sertoli cells (Barth 1994). It is unlikely thatcrocephalic or macrocephalic sperm
are able to participate in oocyte fertilization ambryonic development (Barth and
Oko 1989). Giant heads are often diploid or everotrtetraploid (Love et al. 2000).

Nuclear vacuolegalso called diadem defect) are primarily founchaged across the
equatorial region or at the apex of the nucleusudgketed spermatozoa have been
shown to be transported normally to the oviduct arelable to penetrate oocytes but
are incompatible with embryonic development (Bat®94). The defect is easily
missed on smears stained with Giemsa, hematoxgbme or eosin-nigrosin stains.
Phase-contrast microscopy and DIC are suitablestaold Feulgen stain also is
sufficient method for detecting this abnormalityheTincidence of sperm vacuoles
may increases following the stress of injury, ilegfeed shortage, abnormal climatic
conditions, etc. (Barth and Oko 1989). Nuclear wesl are also identified in stallion
sperm in fairly high proportion (Janett et al. 20@3ito et al. 2011). Interestingly
Brito et al. (2011) found nuclear vacuoles in theportion of 6.8 + 0.6% in 60 semen
samples from 34 stallions showing wide range ofilfigt from normal fertility to
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severe subfertility, whereas Janett et al. (2008pmded 7.5-9.8 + 0.5 % of sperm with
this defect in 260 semen samples from 10 staliaitis unknown fertility.

In stallions, Jasko et al. (1990) observed a negatrrelation between the percentage
of sperm head defects and fertility and reporteat,thmong sperm morphological
categories, the percentage of head defects acabdntethe largest proportion of
variation in per cycle pregnancy rates. Love e{Z000) also observed an association
between sperm head defects and fertility. Held.et1891) reported the case of a 9-
year-old Arabian stallion used to breed an unddtechnumber of mares during 3
years without producing any pregnancies that hai @Pnormal sperm with 75%
head defects, 57% of which with single or multipleclear vacuolesin this case
many seminiferous tubules with mild degenerativangies were observed in one of
the testis.

The overall incidence adcrosome defectdetected by light microscopy seems to be
low in stallions, but might be high in some indivals. (Love et al. 2000). The most
common defect of the acrosome is km®bbed acrosomeavhich consists of an excess
of acrosomal matrix and folding of the acrosomerabhe apex of the sperm head.
Membranous vesicles are commonly entrapped in thesamal matrix (Barth and
Oko 1989, Brito 2007). The appearance of this defadight microscopy varies from
bead-like thickening and protrusion on the speradh&pex to indentation, roughing
or flattening of the apex. The knobbed acrosome lmarcaused by environmental
factors (eg. increased testicular temperaturessttexins), but can also be of genetic
origin which has been described in bulls and inrb¢g&henoweth 2005). Genetically
affected animals consistently produce great peagmst of affected sperm without
significant changes in other sperm defects (Banith @ko 1989, Chenoweth 2005).
Knobbed acrosomes of genetic origin have not beparted in stallions. Hurtgen and
Johnson (1982) reported data from seven stallibat were identified as having a
high percentage of sperm with acrosome defectog®enal abnormalities occur more
frequently in conjunction with other sperm abnoritied suggesting impaired
spermatogenesis and result in sub- or even inferitil stallion (Hurtgen and Johnson
1982) and bull (Blom and Birch-Andersen 1962, Thathd et al. 2000). The
formation of the acrosome occurs at the same tisngoane chromatin maturation is
occurring in the testes and epididymides. The kedbbhcrosome defect may be
associated with underlying problems in chromatinturagion. The presence of a
substantial percentage of acrosomal defects swgydleat additional tests may be
required (chromatin assays) to detect if the spemoa with knobbed acrosomes
have immature chromatin. Mild knobbing or folding the acrosome may not
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influence fertility, but a severely knobbed acrogomith retained vesicular material in
the matrix is a more serious form of the defectr{C2005). The affected spermatozoa
have a reduced ability to bind and penetrate thea zeellucida (Blom and Birch-
Andersen 1962, Thundathil et al. 2000) and are ippeded for premature
capacitation and spontaneous AR (Thundathil €G)2, Pesch and Bergmann 2006).
Recent studies using electronic microscopy havealed that the actual incidence of
acrosome defects might be much higher than thagreed with light microscopy
(Brito 2007).

A common midpiece defectis the distal midpiece refleXDMR), which in light
microscopy appears as a bend in the distal regidimneo midpiece. In bulls, DMR
develops in response to environmental insults asnspnigrate to the distal half of
cauda epididymis, probably in association with ralieion concentrations. Double
bends of the midpiece usually accompany coilinthefprincipal piece with retention
of cytoplasmic material. The difference between@\R or bent/coiled tails and the
Dag-like defect is that, in the former, the midgies smooth and complete, whereas
in the latter, the bending and coiling involvingetimidpiece or the entire tail is
associated with rough, incomplete mitochondrial eshasually accompanied by
fractures and shattering of the axonemal fiberstfBand Oko 1989, Brito 2007).
DMR defect can be experimentally induced by hypmtaolutions or rapid cooling of
semen. There is one major difference between tliectdeproduced in vitro with
hypotonic solutions or cold shock and those ocngriin vivo during epididymal
passage. The majority of defected sperm produceditio do not have droplet
material trapped in the bend whereas a distal tysopic droplet is nearly always
entrapped in the bend in real DMR sperm (Barth @kad 1989). Similar defects
which involve fractures or double bendprobably originate in the last steps of
spermatogenesis and are usually found concurreiythe epididymal forms. DMR
defects are common in semen collected from bullhénlate winter and in stressed
bulls. Most effected bulls quickly recover to notrsperm production (Barth 1994).
Blom (1977) suggested that DMR was a minor defétg. observed that the
abnormality could be found in up to 25% of sperrtscigom normal fertile bulls. A
high proportion of stallion sperm with midpiece almalities (25.3%) has been also
reported by Voss et al. (1981). However, in thiadgt the stallions achieved
acceptable pregnancy rates of 62.5 to 91.7%. Siffeeted spermatozoa have reverse
motility it is unlikely that they would be able fgenetrate the zona pellucida and
initiate zona reaction. Therefore this defect isnpensable because the defected
spermatozoa are not compiting with normal sperviimm fertilization.
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The “dag” defect is named after the bull in which it was first idiéed. It is
characterised by a strong folding, coiling andtinee of the distal part of the midpiece
with or without a retained distal cytoplasmic detp(Barth and Oko 1989). In
electron microscopy (EM), malformation of the mitoadrial sheath, the loss of
single mitochondria and irregular axial fibre bussllare associated with the findings
in light microscopy (LM) (Barth and Oko, 1989; Amden Berg et al. 1996, Pesch and
Bergmann 2006). In semen of an infertile Dutch WIii§aanenthal) goat buck similar
abnormality was found to the Dag-like defect intleaiMolnar et al. 2001). Light and
electron microscopic examinations showed aberratafnthe sperm tails. All of the
cells had strongly coiled or broken tails, or fraetd midpieces. Ultrastructural
investigations by transmission electron microscopyEM) showed uneven
distribution of the mitochondria in the midpieceniléd tails were encapsulated by a
common membrane, and dislocated axial fibres affdreht membranous structures
were also present (Molnar et al. 2001). In stalliandefect consisting of a loss of
microtubules in the axoneme and a disorganizatfomidpiece, similar to the “dag
defect” is characterised by Hellander et al. (19%his resulted in subfertility: per
cycle pregnancy rate was 24%. Dag-like defect camesimes be observed in
association with other defects in cases of disdimpermatogenesisn bulls, a
hereditary basis is established and at levels ab0% serious fertility implications
are known to exist (Pesch and Bergmann 2006).

Segmental aplasia of the mitochondrial shegght be observed in a low percentage
of stallion sperm in varying degrees; some sperck ka small part of the sheet,
whereas others seem to miss the mitochondrial sbeetpletely (Brito 2007).
Pseudodroplet and “corkscrew” defects are rarepiace defectsCorkscrew defect
has been described in bulls (Blom 1959) and irallicst (Chenoweth et al. 1970). An
irregular distribution of mitochondria resembling c@rkscrew characterises this
defect. Rainbow shapedbowed midpieces) midpieces are in most casegaatse
caused by staining and drying. However in rare <akgge percentages of
spermatozoa may be affected by abnormal bowed etdpiwhich result in a stiff
circling movement of spermatozoa (Barth 199)axial midpiecesre considered to
be morphologically normal (Varner 2008).

A spermatozoon with a loop-likkend in theprincipal pieceusually is association

with DMR. Generally a cytoplasmic droplet is tragpe the loop. The defect appears
to originate in the epididymis under the same airstances as distal midpiece
reflexes (Barth 1994) or during ejaculation wheaytlare mixing with secretums of
accessory glands. The cause of this abnormalitybeaslso an abnormal secretion in
the genital tract. The normal amount and contemtseminal plasma can prevent
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sperm damages (Swanson and Boyd 1962). Hypotonaolor shock may cause a
similar type of bend without a trapped droplet.ndrcontamination of the semen may
also induce hypotonic shock consequently bent ragpiand principal piece (Barth
1994). Bent tails can become looped tails and ldotds frequently progress to
coiled tails. In these cases the affected spernmangng in circles or backwards at a
lower speed than normal sperm. Tail defects, eafpg@bnormal tubule pattern, are
known to be important for stallion sub- and infigsti(Hellander et al. 1991). Simple
coiled or broken tails are among the most commoermnspdefects (Pesch and
Bergmann 2006)DMR, bent and coiled tail defects are considerethpEnsable
defects. These sperm are either selectively filtéheoughout the female genital tract
or unable to penetrate the zona pellucida at ttigiZation place (Barth 1994, Saacke
et al. 2000). In this aspect fertility of the specan be improved with higher number
of spermatozoa in the insemination dose. The imaeef specific midpiece and tail
defects and their effects on fertility in horsee difficult to ascertain because those
are seldom reported separately (Jasko et al. 1P88¢ch et al. 2006b). Love et al.
(2000) observed no correlation of midpiece bendd #&mactures with fertility;
however, these authors estimated that a 1% increadbe percentage of other
midpiece abnormalities resulted in a 2.9% reductiomper cycle pregnancy rates,
whereas a 1% increase in the percentage of callsdrésulted in a 3.9% reduction in
per cycle pregnancy rates.

Duplication of the tail is an uncommon defect tisadissociated with duplication of the
implantation fossa and replication of the distahtoele. Sperm withmultiple heads
and tails might have normal head structure with normal DNAntent, but
abnormalities of nuclear shape and abnormal DNAlensation in one or more heads
might also be observed. These sperm originate frutinucleated spermatids and/or
as the result of incomplete cell dissociation dgirspermatogenic divisions (Brito
2007).

Sperm cytoplasmic droplesre normal remnants of the spermatid residualptgsm

(derivatives of degenerating Golgi apparatus, eladopic reticulum and nuclear
membranes) that remain attached to the neck regfi@perm after release into the
seminiferous tubules. During the maturation proc@dsng the transit through the
body of the epididymis, the droplet moves from thisximal neck position to the
distal portion of the midpiece. In bulls, approxielg 35% of sperm shed the distal
droplet in the tail of the epididymis, but the nr#y of sperm only shed the distal
droplet after mixed with secretions from access®y glands, therefore cytoplasmic
droplets in ejaculated sperm are considered abridiBaath and Oko 1989). Sperm
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cytoplasmic droplets are often the most prevalefeat in the ejaculate, especially in
young peripubertal stallions. Whipgoximal droplets (PDare thought to have a great
impact on fertility and therefore are classified ragjor defects, the role dfistal
droplets (DD)hasn’t been clearly known for a long time (Dowstal. 1984, Jasko et
al. 1990, Dowsett and Knott 1996, Love et al. 2008rd 2005). Although proximal
cytoplasmic droplets may result from impaired egydial function, research in bulls
indicated that cytoplasmic droplets may result fiosults to spermatids in any stage
of spermiogenesis and even to spermatocytes (B8i6Y). Ultrastructural analysi$
the CD shows numerous internal vesicular elemam®sndedoy an intact plasma
membrane. One comparison finds the area of thesmnal CD membranes
equivalents to 54% of the total surface arethefexternal sperm plasma membrane
(Kaplan et al. 1984 everal glycolytic enzymes have been localizatiedCD, which
suggests a relationship to lysosomal actiffitgtt and Dingle 1968).

Proximal cytoplasmic dropleteave severe adverse effects on fertility in budisd
levels as low as 10% may be associated with lowtiity (Barth and Oko 1989).
In vitro studies demonstrated that sperm with pr@ti cytoplasmic droplets are not
capable of binding and penetrating the zona pelaudiioreover, other genetic defects
in morphologically normal sperm which was capalfideatilizing oocytes probably
contributed to the impaired embryonic developmédigenved in vitro after the use of
semen from bulls producing a large percentage efnspwith proximal droplets
(Amann et al 2000, Thundathil et al. 2001). A negateffect of infertile bull
spermatozoa with retained CDs on normal bpk#rmatozoa was also shown during
bovine fertilization in vitro (Thundathil et al. @@). Zona pellucida binding (ZPB)
and capacitation of PP spermatozoa are also dexturbdog according to Pefia et al.
(2006). Jasko et al. (1990) observed that the negatorrelation between the
percentages of proximal cytoplasmic droplet with @gcle pregnancy rates was three
times greater than the correlation with distal detgy and only the former variable
accounted for a significant percentage of variatiofertility in horses. Persch et al.
2006b indicated a negative correlation betweerp#reentage of cytoplasmic droplets
and per cycle pregnancy rates, but did not difféaés proximal from distal droplets
in their report. In another study, however, thecpatage of proximal cytoplasmic
droplets was not associated with fertility in stals (Love et al. 2000).

The effect of aetained distal droplet®n fertility is lessvell defined, although there
IS some evidence suggestingnagative impact for such semen used in artificial
inseminatiorprogrammes. In boars, the proportion of spermateatadistalCDs in
stored semen had a negative correlation with pregyrates and litter size (Waberski
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et al. 1994). Boar sperm with retained CDs havedaced binding affinitjor porcine
oviductal epithelial explants in culture (Petrurkiet al. 2001). Defective sperm
function is associated with defects in spermiogenésat lead to the release of
immature spermatozoa from the germinal epithelimpressing high concentrations
of cytoplasmic enzymes. Increased level of theseyraps associated with the
retention of excess residual cytoplasm in the |l@nsity sperm populations after
Percoll centrifugation, could lead to the excesgj@reration of ROS, the induction of
peroxidative damage, and a loss of sperm functeative to the high-density sperm
populations (Aitken and Fisher 1994, Huszar ancdu¥i§j994, Gomez et al. 1996).

Today, retained DD are concerned to be more dett@héo fertility than previously
suspected (Kuster et al. 2004, Pesch and Bergm&@06).2 Larger amounts of
ubiquitinated proteins were present in extractsnfsperm cells from an ejaculate with
an abnormally high percentage of retained DDs (5PHs) compared to a
morphologically normal sample (6% DDs) (Kuster et 2004). Ubiquitin, a small
peptide, is an universal markier proteolysis found in all tissues and organisihs.
marks proteins for recycling and identifies mistdd or damagedgroteins for
degradation in the intracellular space (Hershko8)98biquitination of the retained
CDs has important implicationmghen coupled with the knowledge that PDs and DDs
have beemssociated with depressed fertility in vitro andvimo. In mammals, some
of the paternally derived organelles, suchnaigsochondria, are degraded in the
lysosomes of the oocyte aftirtilization, while others, such as the centrosand
malepronucleus, become vital zygotic components (Yanaghi 1994). It has been
theorized that followinguatural fertilization, the ubiquitin present on tberfaceof
spermatozoa from subfertile ejaculates is carriegt tothe oocyte cytoplasm, where
it could potentially target vitgbaternal organelles for destruction by the prot#oly
processes of the oocyte, effectively interferingtHar embryonic development. In
support of this theory, a relativelyigh correlation coefficientr(= —0.432) was
obtainedby comparing Sperm Ubiquitin Tag Immunoassay (SU®lcleavageate
after in vitro fertilization in human infertilitpatients, even though fertilization rates
were poorly correlate@ = 0.046) (Sutovsky et al. 2001)ipoxygenases (LOXsye a
family of enzymes capable of peroxidizipypospholipids. A member of the LOX
family of enzymes, 15-LOXparticipates in the degradation of mitochondria atigr
organelleswithin differentiating red blood cells, the retioglytes. The study of
Fischer et al. (2005) provides biochemical and imomytochemical evidence for the
presence of 15-LOX in the sperm cytoplasmic dropldte 15-LOX and various
components of the ubiquitin-proteasome pathway witected in sperm CDs of
mammalian species, including the human, mouseljostadnd wild babirusa boar.
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They concluded that 15-LOX is prominently presenthie mammalian sperm CD and
thus may contribute to spermiogenesis, CD functorCD removal. The results of
Kuster et al. (2004) and Fischer et al. (2005) supg model in which the ubiquitin-
dependenproteolytic pathway acts in synergy with the 15-L(wdthwayfor the
degradation of the CD. In the proposed mddelorganelle membrane degradation
inside sperm CDs, the 15-LOdtegrades the lipid membrane components and the
ubiquitin—proteasome pathwas/ responsible for targeting the protein componets
the CDfor proteolytic degradation. In the result of sturally alteration of CD by
activities of the 15-LOX and ubiquitin—proteasonahwaysthe CD could descend
from the connecting piece to the annulus and finalease from the sperm axoneme
to be liquefied and phagocytosed by the cells of fhidigymalepithelium or rejected
after ejaculation (Hermo et al. 1988).

Detached sperm headare commonly observed in low percentages (<5%h&
ejaculate, but might be present in very high numlercases of sperm accumulation
in the excurrent tract (Dowsett et al. 1984, Jastkal. 1990, Dowsett and Knott 1996,
Love et al. 2000, Card 2005). Detached heads mrgsult from abnormal
spermiogenesis or from sperm senescence in thigBaio 2007).

Other cellsthat might be found in the ejaculate include blgells, round germ cells,
and Sertoli cell mantles. Proper classification tikése cells requires the use of
different staining techniques that could includeer@sa or Diff-Quick. Round germ
cells are occasionally observed in small numbestahions. Most round germ cells in
semen are spermatids (many of which binucleate)samde are secondary or even
primary spermatocytes (Brito 2007). Increased pe#eges of round germ cells are
observed in peripubertal stallions and in casetesticular degeneration when germ
cells are prematurely shed in the seminiferousleutimen (Card 2005).

Cumulative incidence of certain sperm abnormalifeg. bent midpiece and tails,
bowed midpieces) may draw the attention for somermspprocessing failures as
hypoosmotic solutions, cold shock or inproper simgafJuhasz and Nagy 2003).

In optimal cases the morphologic evaluation ofilerstallions results in around or
more than 60% normal spermatozoa. Percentage af thei@cts is between 3-5%,
neck abnormalities are 1-1.5%, rate of midpieceectefs 4.5-6%, and proportion of
tail defects is not higher than < 10-15%. Incideatproximal cytoplasmic droplets in
average 2.5-4%, rate of distal cytoplasmic dropke-5%. (Juhasz and Nagy 2003).
There is a wide variation in sperm morphology amdmgeding stallions, but in
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general, the average stallion has approximately B@8#phologically normal sperm
according to Card (2005). The present Society fdreribgenology Breeding
Soundness Examination (BSE) Stallion Guidelineshay standard for percentage of
normal spermatozoa or the percentage of specifectiein the ejaculate, but state that
approximately 1 billion progressively motile morpbgically normal spermatozoa
should be present in in each of 2 ejaculates deliet hour apart. Stallions with less
than 40% morphologically normal spermatozoa mayiesehacceptable pregnancy
rates if breeding pressure is low or spermatozaoailrers are increased per breeding
dose so a minimum threshold number of normal spezoa are present. The normal
spermatozoa compensate for many of the compensaiermal spermatozoa.
Stallions with>60% morphologically normal spermatozoa frequendguire fewer
spermatozoa per insemination dose (Card 2005). &g Standard for breeding
stallion semen (7034/1999) has strict guidelindss proposes 30% sperm with any
morphologic aberrations, if less than half of thebaormal cells have primary defect.

Breed differencesn sperm morphology were previously reported bgkBit 1993b,
Dowsett and Knott 1996. There was a significanfed&nce between breeds in
percentage of morphologically normal spermatozdaaldl proximal droplets /PD/
(N: 57.5 + 4.1% and 74.4 + 3.8%, PD: 17.3 + 2.7% &0 + 2.5% in Tori and
Estonian stallions, respectively) (Kavak et al. £00~or morphologically abnormal
sperm, high numbers of sperm were presented withbenmormal midpiece in both
Thai native /16.5%/ and Purebred stallions /23.@&ktudomsinsuk et al. 2008).

Sperm morphology can vary considerably during ther Seasons In winter, the
average percentages of morphologically normal spéfh3%) were higher than
during the breeding season in May (65.9%). Tailedesf (broken, bent or coiled
flagella) were in the range between 7.65 and 13.70%e differences of this
proportion in fresh semen were significant betwséadlions but not between the
seasons. A remarkable percentage of spermatoze@dhmrotoplasm droplets at the
midpiece. The means of this value amounted to 1%-28 May and 12-15% in
December. The relatively high proportion in May ree€ to indicate a diminished
maturation in the epididymis as a consequence etigh frequency of ejaculation
during breeding (Blottner et al. 200During the 1 year experiment all semen quality
parameters (volume, concentration, and motilityd #re number of morphologically
normal sperm and sperm with major defects /abnornealds, acrosome defects,
nuclear vacuoles, proximal droplets, abnormal nades/) showed a clear seasonal
pattern in the study of Janett et al. (2003). Spenth normal morphology was
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significantly lower in summer than at any other dimof the year and higher values
were found for major defects in summer than inrgpend autumn.

Love et al. (2000) found that some morphologic disfge.g. cytoplasmic droplets,
bent tails) appear to have a minor effect on fgrtdf stallions bred by natural cover,
whereas other defects (e.g., detached heads, ahlhprshaped heads, abnormally
shaped midpieces, coiled tails, and premature getls) have a deleterious effect on
fertility. After the morphological evaluation of epn from 160 fertile stallions and
additionally 30 subfertile and 29 fertile stalliorend the relations between
morphology results and fertility, the authors fouhdt fertility per cycle varied with
the percentage of total sperm defects, head defeagimal doplets and midpiece
defects and no relation was detected betweenitigrihd the percentage of knobbed
acrosomes, distal droplets, principal and end-pidegéects. Subfertile stallions
presented a higher percentage of abnormal formsfdtéile stallions (52 + 20 % vs.
30 + 12 %) (Clément et al. 2001). There is a latlexperimental evidence on the
tolerance level of various defects, and their ¢ftacfertility, however more than 10%
premature germ cells, greater than 30% head andéimiece defects, > 25% proximal
cytoplasmic droplets and <30% morphologically ndrsgermatozoa are reasons for
concern (Colenbrander et al. 2003, Card 2005 aitd B007). Using LM, Pesch et al.
(2006b) found a significant increase of morpholageviations from 24.5% in fertile
stallions (pregnant mares/0%, n = 29) to 34.5% in subfertile stallions (pragt
mares 10-69%, n = 14) and 73.5% in infertile siaBi(pregnant mares < 10%, n = 3).
Using TEM, they found a significant increase ofagéied acrosomes from 6.1% in
fertile to 7.6% in subfertile and 21.4% in infegtijroup. Deviations in tubule pattern
were also increased (but not significantly) from%.in fertile and 2.8% in subfertile
to 11.4% in infertile stallions as well as multighgls from 1.9% in fertile to 2.0% in
subfertile and 8.9% in infertile group.

2.6 Evaluation of the spermatozoa

A variety of techniques and protocols are availalite evaluation of the

spermatozoon. Basic requirements for the laborasssays are objectivity (lowest
bias possible), repeatability (production of simitasults every time) and accuracy
(evaluated on each particular sperm attribute jpnegise manner). Not all laboratory
tests for semen analysis pass these requirementauracy is probably the most
complicated problem to solve, merely because spemna are terminal, highly

differentiated cells, whose multitude of attributbat are of relevance for fertilization
cannot be easily assayed by one single test. $Hhisei reason why a combination of
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tests, each measuring one or more of these atgpptovides better relationships to
fertility, compared with a test measuring a sirgjfigibute (Rodriguez-Martinez 2003).
Good sperm quality is essential for the successrtficial insemination. For a

spermatozoon to fertilize an oocyte it must havdeast the following attributes:

metabolism for production of energy, progressivetilitygy enzymes located in the

acrosome, proper structure, lipid and protein casitpm of plasma and acrosomal
membrane and normal morphology (Amann and Graha&8,19agy 2002). Over the

past decades, a number of laboratory tests have deeeloped to determine

properties of sperm function. These include quatnié sperm motion parameters,
capacitation, basal and induced acrosome reactmutéear and mitochondrial sperm
DNA but few have been adopted into routine clinicse.

Traditionally, quality of equine sperm has beereduined by estimation dbtal and
progressive motility. This can be done either visually or with compuissisted
sperm analysis (CASA). CASA was introduced morenttveenty years ago (Jasko et
al. 1988), and since then, it is used regularlthen semen evaluation process in many
laboratories. This technique is objective and eatalsl the motility according to the
given criteria (Juhasz et al. 2000). Most reseanttevaluation of sperm quality has
included CASA analysis, as well as other attributes the sperm function.
Unfortunately, motility of the spermatozoa is pgocbrrelated with fertility in many
studies. This seems reasonable because motilionlis one attribute of the sperm
(Squires 2005). Love et al. (2003) evaluated thaticmship between sperm motility
and sperm viability using the fluorochromes, SYBRFI and the mitochondrial
membrane probe, JC-1. They evaluated samples inategdafter collection or after
24 h storage at 5°C. There was a high correlatioa (0.98) between membrane
integrity and total sperm motility. Although motili is known to have a high
importance in fertilizing ability of the spermat@gan itself, it is a poor predictor of
sperm fertility (Nie et al. 2002). A very low matyf would probably be an indication
not to use the semen, but a good motility does nemtessarily indicate that the
fertilizing capacity of spermatozoa has been maieth(Katila 2001a).

The maintenance of normal function of the plasmanbrane is a crucial prerequisite
for spermviability as well as for reactivity at the site of fertiliem. An increased
proportion of spermatozoa with damaged membranesdgative for a reduced
fertility of the stallion (Zhang et al. 1990). Seak staining methods have been
developed to detect disruption in the plasma mengr&imple light-microscopic
live-dead stains (aniline blue-eosin, eosin-nigrpspsin-fast green, bromphenol blue-
nigrosin) are more widely used for the determimatd cell viability. Integrity of the
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plasma membrane is shown by the ability of a vialelieto exclude the dye, whereas
the dye will diffuse passively into sperm cells lwilamaged plasma membranes
(Colenbrander et al. 1992). Glycerol can interfgith the staining properties of these
dyes making them less reliable for the evaluatioerygopreserved semen (Wilhelm et
al. 1996). The viability stain indicates “dead séllnd the contrast stain gives
background behind the “live cells”. These stainmgthods give information from
only the sperm head membrane.

Simultaneous information on theability and acrosome statusof spermatozoa is
important for distinguishing true and false acrosamaction, as well as for the study
of cell lesions after cryopreservation and otheatiments. Aalseth and Saacke (1986)
combined eosin-fast green staining with differdrtiterference-contrast (DIC)
microscopic acrosome evaluation. For simple ligltrascopic evaluation a "triple-
stain” technique was developed. Trypan blue wasl dise marking dead cells and
acrosomes were stained by rose Bengal or Giemsdhanthird stain was Bismarck
brown which extruded Rose Bengal from the sperng-i@albot and Chacon 1981,
Didion et. al. 1989, Dudenhausen and Talbot 19&8&uKoki et al. 1984, Varner et al.
1987). The methods, including incubation and dergations were too difficult for
routine application and differentiation was notaclelue to the fading of trypan blue
and to the similar colours of trypan blue and GiarfGross and Meizel 1989, Kovacs
and Foote 1992).

A more simple technique, taypan blue-neutral red-Giemsa staining method for
simultaneous evaluation of acrosome integrity, ®panembrane, and overall
morphology has been described for bull, boar abBitaspermatozoa bi{ovacs and
Foote (1992) It was reported later that stain-permeable ("tea@erm tails also
could be distinguished (Nagy et al. 1999). Sinseintroduction, this technique has
been applied successfully to many other mammalsidimy sheep (Sarhaddi et al.
1995), goat (Molnér et al. 2001), horse (KovacaleR000), yak (Nagy et al. 2000),
red and fallow deer (Nagy et al. 2001), mouse (Sormf al. 2002a), water buffalo
(Presicce et al. 2003), mouflon, dog, cat, two-teketh, argali (Kovacs et al. 2007b),
fossa (Kovacs et al. 2007a), Asian elephant andewtiino (Behr et al. 2007;
2009a,b; Hermes et al. 2009; Saragusty et al. 2009)

Twelve classes of spermatozoa can be distinguiabearding to the membrane status
of their domains (head, tail and acrosome). Thecepegage of cells with intact
membranes and no morphological aberrations is etipah index of semen quality
(Nagy et al. 1999). Simultaneous evaluation ofviability and acrosome integrity of
sperm permits differentiation of true acrosome tieacfrom degenerative acrosome
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loss after cell death (Kovacs and Foote 1992, Agsam et al. 2000, Costa et al.
2010). This staining method showed acceptable tapiity and good agreement with
flow cytometric measurements using fluorescein himatyanate-conjugated peanut
agglutinin/propidium iodide (FITC-PNA/PI) stainirgd bull spermatozoa (Nagy et al.
2003a).

Koehler (1985) ascertained that the differences/&en results of motility assessment
and convencional viability staining could be exp&d with that in the former case the
functional integrity of the sperm tail, whereagtie latter case, the structural integrity
of sperm head membrane were evaluated (Nagy 200hg trypan blue (TB)-
Giemsa staining the proportion of cells with unstal tails corresponded to both the
percentage of motile spermatozoa and the reaabidhet hypo-osmotic swelling test
(HOST). Sperm cells with an intact head membrané,with a stained, membrane-
damaged midpiece and tail, are considered imm@itgy et al. 1999).

After freezing and thawing of stallion semen, thenber of spermatozoa with intact,
unstained head membranes, but damaged, stainedn&rbranes, is increased
significantly. Percoll gradient centrifugation seged the ejaculates into a more
motile fraction with a higher percentage of sperithvintact membranes and a less
motile fraction containing more sperm cells withaised tails. This observation
confirmed that spermatozoa with a stained tailiamamotile and likely explains the
low fertilization rates with frozen/thawed semerofes and Stolla 2001). Therefore,
unambiguous differentiation of the intact/damaggzerm tail membrane is very
important for evaluating semen quality.

In the initial study Kovacs and Foote (1992) stateat the procedure had not given
satisfactory results for stallion spermatozoa @usame reason3he area of the head
of stallion spermatozoa is about half of bull omabsperm head. Evaluation at 400x
magnification was satisfactory in the case of thegseries but not in stallion. The cell
concentration of stallion semen is lower, therefine samples were less diluted with
physiological saline before staining. Becauseestkldilution more trypan blue was
bind to the solved proteins of the seminal plasnth agg yolk of the extender,
resulting in more disturbing background. Later Kesreet al. (2000) applied the
technigue to equine spermatozoa using frozen sea@ples with more dilution and
evaluated at 1000x magnification. Since then, sapecial characteristics and
problems have been observed in stallion semeniggaiOne problem with the
method was the length of the procedure (overnigbaiGa staining). Another problem
was differentiation of intact/damaged sperm tailsinty in the case of frozen and
thawed samples.

36



The use offluorescent dyes and flow cytometryhas provided the researcher and
clinician with powerful tools to evaluate severpkesn attributes. These procedures
have been utilized to evaluate sperm viability, oaome status and stages of
capacitation, mitochondrial status and DNA integriVith flow cytometry a large
number of sperm can be evaluated in a relativetytgteriod of time (Squires 2005).
A combination of 2 fluorescent DNA stains: propiiuiodide (PI) with
carboxyfluorescein diacetate (CFDA) (Garner efl@B6; Harrison and Vickers 1990)
or with carboxydimethylfluorescein diacetate (CDMKD (Ericsson et al. 1993;
Magistrini et al. 1997), or with SYBR-14 (Garneratt 1994), can be used to assess
sperm viability. Other frequently used fluorescent dyes are atmdbromide (EB)
and Hoechst 33258 (Eliasson and Treichl 1971).nibet commonly used method to
detectacrosome integrity is staining with fluorescein-conjugated lectinsgcls as
Pisum Sativum Agglutinin (PSA), Peanut AgglutinPNA) /Farlin et al. 1992, Casey
et al. 1993, Cheng et al. 1996/ or Concanavalittan\) /Blanc et al. 1991/ coupled
with fluoresceinisothiocynate (FITC) /Magistrini at. 1997, Katila 2001a/. FITC-
PNA is more reliable utilised for equine spermatz&hlortetracycline assay (CTC)
is used to deteatapacitation and acrosome reactions of the spermatozoa (Vatner
al. 1987, 1993). Unfortunately, it does not appedre reliable when semen has been
diluted with milk-based extenders. Another markemdnstrated to be useful for
detection of capacitation in stallion spermatozanerocyanine 540, an impermeant
lipophilic probe which permits evaluation of thelitecture and disorder of lipids in
the outer leaflet of the plasma membrane bilayatl{Ret al. 2001, Gadella et al.
2001) Other probes, such as fluorochrome-conjugdtedexin V is being used
increasingly to monitor membrane asymmetry (Gadetlal. 1999, Varner 2008).
Mitochondrial activity can be evaluated by Rhodamine 123 (R123) /Eveatah
1982, Graham et al. 1990/, JC-1 (5/5,6,6- tetlaahnl,l’,3,3"-
tetraethylbenzimidazolyl carbocyanine iodide) /Gnase et al. 2000/, Mitotracker
Green FM (Garner et al. 1997) or Mitotracker Deepl B33 (Hallap et al. 2005).

Triple (or quadruple) Fluorophore Stain Combinations. /Pl, FITC- PSA,
rhodamine 123, Graham et al. 1990/; /Carboxy-SNARESNARF), Pl and FITC-
PNA, Pefa et al. 1999/; ISNARF, Pl and FITC-PSAydaet al. 2003a/; /SYBR-14,
phycoerythrin-conjugated peanut agglutinin (PE-PNR), Nagy et al 2003b/; /PI,
FITC-PSA and MitoTracker Green FM, Celeghini et2104/; /ISYBR-14, FITC-PNA
and PI, Kirk et al. 2005/; /Merocyanine 540, Yo-Arand Hoechst 33342, Hallap et
al. 2006/; /P1, FITC-PSA and MITO; PI, Hoechst 3323&ITC-PSA and CMXRos;
Pl, Hoechst 33342, FITC-PSA and JC-1, Celeghiniaket2007/; /LIVE/DEAD
Reduced Biohazard Viability Kit Red, Hoechst 3331 Alexa Fluor 488 PNA,
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Nagy 2007/ can be used to assess different feaginesltaneously on individual
spermatozoa of various species.

In order to evaluate cell acrosomal and mitocha@idtinction frozen-thawed semen
has to be freed from milk and egg yolk componeaétyris cells and other particles
before successful flow cytometric evaluation (Peftaal. 1999), because these
particles have scatter properties similar to thofesperm cells that trouble the
elimination of nonsperm events by scatter gatingingy the PI/ FITC-PSA double-
staining protocol, complete removal of yolk pagglfrom thawed sperm suspensions
is required for accurate analyses of sperm integfilagy et al. 2003b). The
acrosomal probe FITC-PNA exhibited a high bindirifindy to the components in
skim milk based sperm extenders (Kirk et al. 200&).these cases washing or
Percoll® density gradient centrifugation are neettedeparate spermatozoa from the
particles prior to staining and evaluation. Howeweashing procedure is most likely
coupled to induction of sperm deterioration. Duethie separation procedures, the
proportion of the different cell types receivingnigt the same as it was in the sample
right after thawing. Percoll® gradients are alseduso remove dead cells from a
sperm sample in the laboratory practice (Rodrigdertinez et al. 1997). Kirk et al
(2005) intended to achieve separation of equingnsg@zoa from the diluent’s
particles without necessarily changing the spernpufaiion. They found that
centrifuging sperm through a 36%/63% discontinueescoll® gradient at 700 x g for
6—7 min did not significantly alter the percentagdive or live acrosome damaged
cells in the sperm population. The other practicabvation was reported by Nagy et
al. (2003b). In their study phycoerythrin-conjughfganut agglutinin (PE-PNA) was
used. The SYBR-14/PE-PNA/PI triple-staining teclueiqvas applicable for assessing
the integrity of a frozen bull sperm specimen afteawing without any separation
method. The abundant egg yolk particles did nogrfate with this triple-staining
method (Nagy et al. 2003b).

DNA stability can be assessed also using flow cytometry. ThenS@hromatin
Structure Assay (SCSA) measures the stability ofADMthin the sperm nucleus,
which uses the metachromatic properties of acridirege to distinguish between
denatured (red fluorescence = single strandednatide (green fluorescent = double
stranded) DNA in sperm chromatin. This assay, duoed by Evenson in 1980, and
has been applied to spermatozoa from a numberegfiespy including horses (Love
and Kenney 1998). It was used to evaluate the cafusgbfertility in stallions, as well
as to assess the damage that occurs during caoliahgr freezing and thawing. Love
and Kenney (1994, 1998) reported on the relatignbletween sperm chromatin and
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fertility in the stallion (Colenbrander et al. 2Q0&ssays other than the SCSA are
available to measure spermatozoal DNA fragmentatimomatin disruption,
including a TUNEL assay, an in situ nick translatigNT) assay, sperm chromatin
dispersion (SCD) assay, and an electrophoresisib@senet Assay (Baumber et al.
2003a, Chohan et al. 2006). Although these assays hot been used to the same
extent as the SCSA in the equine laboratory practitey are commonly applied in
the human field (Varner 2008).

Although flow cytometry is extremely useful for éwating the effects of various
cooling and freezing treatments on sperm damage]inhitations of the technique
include expense of the equipment, as well as teahtriaining necessary to properly
operate the equipment (Squires 2005). There idfieutiy and disadvantage and a
relevant shortcoming of these techniques: In mases they claim sperm washing or
separation procedures and further incubations with stains which can alter the
original sperm quality parameters especially iniegsemen in which spermatozoa
are very sensitive to time-consuming processes. shoetcoming of the methods is
that sperm morphology could not be assessed wém tiUnfortunately there is no
reliable computer aided automatised method whictabke to perform complete
morphology evaluation neither of all spermatozoa separately morphology of
membrane-intact, viable sperm.

Viability assessment by flow cytometry or fluoresce microscopy is generally not
accessible to practitioners in the field, and tbst ©f the equipment puts it out of
reach for most producers. While keeping in mind liteitations, a relatively
inexpensive light microscope provides a practical eealistic alternative for on-farm
use (Merkies et al. 2000).

Tail membrane function may be also evaluated using the hypoosmotic gvgetist
(HOST). When exposed to a hypoosmotic solutionrrepeith an intact, functional
membrane swell to establish an osmotic equilibritims is seen as a characteristic
swelling and coiling of the sperm tail (Neild et 4D99). The HOS test is simple to
perform and, for man, has been reported to cogdimthly with other predictive tests
for fertility, such as hamster oocyte penetratidayéndran et al.1992) and in-vitro
fertilization (IVF) results (van der Ven et al. ®8Kuisma et al. (2006) detected both
negative and positive correlations, suggesting timgs test is not suitable for
evaluation of frozen-thawed stallion semen. In rtheiperiment plasma membrane
integrity with light microscopy correlated with marother parameters, including
motility. This is in disagreement with the study 8amper (1992) who noted
membrane integrity to show extremely poor correlativith motility, particularly in
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preserved semen. Disadvantege of the HOST is thdilsturbes the simultaneous
morphologic evaluation (Jeyendran et al. 1984, N2@f32).

In the past years a seriesfahctional assayshas been developed to determine the
structural, morphological and functional integrif the spermatozoon. These
functional tests include the parameters of cellum@ regulation, sperm ability to
undergo capacitation and acrosome reaction (AR)ekggenous stimuli, sperm-
oviduct binding capacity, the ability to bind andngtrate the zona pellucida (ZP) or
to fertilize in vitro (IVF) /Colenbrander et al. @B, Rodriguez-Martinez 2003Zell
volume regulation is an important physiological function crucial fibre functional
regulation of sperm at the time of ejaculation awithin the female tract. As the
epididymal fluid is hyperosmotic in relation to tled seminal plasma, sperm suffer an
osmotic shock at ejaculation and react with recpwdrthe cell volume to maintain
functionality. The response to osmotic stress @ei@rminant for the adaptive ability
of the sperm cell and has been linked with nattesility (Topfer-Petersen et al.
2006). Osmotic resistance of spermatozoa is alsgoitant during the
cryopreservation process (Ball and Vo 2001, Ponehat. 2002). After deposition in
the female genital tract, spermatozoa undergo #padtation process, which is
prerequisite for the induction of the acrosome tieac Theresponse of sperm to
capacitating conditions is extremely variable between individuals, ejatdaand
even within one ejaculate (Topfer-Petersen et@62 Sub-fertility in some stallions
has been correlated to an inability of their speéon@a to undergo the AR in response
to progesterone stimulation (Meyers et al. 199%jil&rly, Rathi et al. (2000) found
that the percentage of spermatozoa in an ejacwidiie exposed progesterone
receptors on their plasma membrane after incubatiarapacitating conditions, was
highly correlated with the fertility of the donotafion (Colenbrander et al. 2003).
The mammalian oviduct has been shown to act asnatifmal sperm reservoir
responsible for the selection of the fertilizatioompetent sperm population,
modulation of sperm capacitation, and regulatiorspérm transport. The ability of
sperm to bind to the oviductal epitheliumappears to be a highly individual property
which could be used for diagnostic purposes (Thorehsal. 1994). A direct
association between poor sperm-oviduct binding lamd fertility has already been
found in pilot studies (Topfer-Petersen et al. 2006

Pesch et al. (2006a) determinsmhcentrations of several enzymesnd macro- and

microelements then evaluated correlations betwdeset and conventional semen
evaluation variables. Lactate dehydrogenase (LD&H woncluded to be a significant
factor in sperm function and metabolism, as LDH canrations were strongly
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correlated with semen volume, sperm concentratidng/dead ratio and
pathomorphology. The concentrations of the enzyraesl phosphatase (AcP),
alkaline phosphatase (AP), aspartate aminotrarsgfer@AST) and y-glutamyl
transferase (GGT) were negatively correlated wémen volume and positively to
sperm concentration, which could indicate a tekrcar epididymal origin of these
enzymes. GGT and LDH concentrations were also ledect with total sperm motility
and progressive motility. Fe, Zn and Cu concerdratiare negatively correlated with
semen volume, with Fe and Zn concentrations cdimglalso to sperm concentration.

2.7 Cryopreservation of equine spermatozoa

2.7.1 History and present of sperm cryopreservatioand its utilization

The first report about semen cryopreservation atificaal insemination dated back to
the Italian priest and physiologist Spallanzani7@)7 Human, stallion and frog sperm
stored on snow for 30 minutes and rewarmed withilityotecovery. More than 70
years ago, motile human spermatozoa were recowdtedbeing frozen to -269°C in
liquid helium. Sixty years ago, spermatozoa weeefitst mammalian animal cells to
be successfully cryopreserved at —79°C (Smith anlgeP1950), demonstrating the
cryoprotective properties of glycerol. In the folimg year the first calf was born as a
result of artificial insemination with spematozoeyapreserved by the method of
Smith and Polge (Stewart 1951, Polge and Rowsor2)1&ince then offspring of
fifty four mammalian species have been producedh wityopreserved spermatozoa
(Leibo, 2006). The first equine pregnancy usingémsemen was reported in 1957 by
Barker and Gandier.

Now the total number of artificial inseminationsthwifrozen semen in cows is 78
million per year, in horses 0.1 million Al/ yearténnationally (Central European
Management Intelligence /CEMI/ data from 2006). dpmgserved bull semen has
been used commercially in dairy cattle for decaaed conception results are now
comparable or better than with natural mating.

Stallion semen cryopreservation, despite its immercthe horse industry, is not an
established technology. During the last years, mbar of modifications have been
proposed to the freezing process, however, a lpogeilation of stallions still have
poor semen quality and fertility after frozen-thaweOnly 30-40% of stallions
produce semen that is constantly suitable for assgrvation with acceptable
pregnancy results after Al, and a consistent vanabn sperm freezability has been
also observed among breeds (Alvarenga et al. 200t.stallions showed different
susceptibilities to stress of dilution, freezingdahawing, independently from initial
guality. Stallions have shown a particularly higigcee of individual variation with
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respect to the cryosurvival of their sperm (speuanvisal varies between 70% - <5%).
In dairy cattle, bulls have been selected by thendlustry for many years based on
the ability of their sperm to withstand the strassd standard cryopreservation
protocols. In the dairy industry, each bull studssentially utilizes a single
cryopreservation technique, and bulls that prodsmerm that do not cryopreserve
well using that technique are replaced by othelsbtdowever, replacing stallions is
unlikely to prove acceptable to the equine indysirirere specific genotypes are
desired. Instead, to increase the number of stallibat can be effectively utilized for
cryopreserved semen production, it is likely thabren than one method for
cryopreserving sperm will be necessary. No suclecteh has been applied to
stallions and as a result there is a wide variailonsemen freezability among
individuals (Loomis and Graham 2008). Such diffeemcould be genetic in origin,
and genetic selection of stallions for successgaZing could be a possibility. On the
other hand, the difference might be non-genetic amdhis regard it would be
particularly desirable to be able to apply assdysperm function before and after
freezing which correlate well with either semenefability or stallion fertility.
Unfortunately, such assays are not currently abksldKatila 2001a; Kuisma et al.
2006). Sperm from some stallions often tolerat@grgservation better when certain
aspects of the protocol are customized. In theysafd_oomis and Graham (2008)
during the period 2000-2006, 332 different staBiowere presented for semen
cryopreservation. Of those stallions, 84.6% produspermatozoa that exhibited
>30% post-thaw progressive motility in >25% of thacelates frozen using one of
their various cryopreservation protocols testederElf more stringent criteria were
applied to determine a stallion’s suitability focammercial freezing prograre30%
post-thaw progressive motility ir50% of the ejaculates frozen), 74.7% of the
stallions would still be considered suitable. Thels¢a are in agreement with the
report of Vidament (2005), summarizing 20 yearfiafl results with frozen semen in
France using their modified freezing protokoll whiwve also used in Experiment II.
(the protocol is described in the section of Materiand Methods). Although the
developing sperm freezing techniques result in nzové more stallions involved to
the semen freezing processes the other big problgmthe use of frozen—thawed
equine semen remains a significantly reduced ldaspf the spermatozoa within the
mare’s reproductive tract, most likely caused bgnpature induction of the acrosome
reaction in a significant proportion of the sperozata, necessitated both by the need
to centrifuge the semen for separation of the sahywhasma prior to adding the
freezing extender (Morris et al. 2003) and by tlmeling and freezing processes
themselves. Thus, to achieve fair conception rateen inseminating mares with
frozen—thawed semen, increased care must be takesaminate close to the time of
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ovulation that needs circumspect, time consumingilg management of the mares
which impedes widespread application of the usdragen semen by the horse
industry (Allen 2005).

2.7.2 Cryobiology of equine spermatozoa: principlegactors affecting on semen
quality and freezability, species differences anchdividual variations

Since the first foal was born after Al with cryopeeved equine semen, many aspects
of semen cryopreservation in the horse have silained empirical and relatively
little information is available on the basic cryoloigic and biophysical stresses
imposed during freezing and thawing.

There is considerable variation in thi@id composition of the sperm plasma
membranein different mammalian species. The plasma mengrstallion sperm
differs primarily with regard to its relatively Higcholesterol content (37% of total
lipids, in boar sperm this ratio is 24%) (Yanagimat994, cited: Gadella et al. 2001).
Semen lipids play a major role in motion charasters, sensitivity to cold shock and
fertilizing capacity of sperm. It is important tote that the distribution of long chain
polyunsaturated fatty acids in stallion sperm igengimilar to boars than that of the
bulls. Bulls produce sperm that are more resistantold shock and freeze well,
whereas sperm from boars and stallions have vevytdterance to cold shock and in
general, freeze poorly. Sperm of bulls have hidbeels of 22:6 fatty acids, whereas
sperm from stallions and boars have much highesldenf 22:5 fatty acids (Parks and
Lynch 1992). The variation on membrane fluidity kkbibbe an explanation for the
variability on sperm freezability observed betweagrdividual stallions. The major
variable is the amount of cholesterol in the spplasma membrane between different
males within a species and even between differgEdukates from a single male.
Furthermore, the cholesterol content seems to la¢edeto the rate of capacitation
possibly because cholesterol must be depleted finenplasma membrane during this
process (Yanagimachi 1994, cited: Gadella et @120The sperm plasma membrane
serves as the main physical barrier to the ouesm&ronment and is a primary site of
freeze-thaw damage. Such damage includes membestabdization due to lateral
lipid rearrangement, loss of lipids from the menmiereand peroxidation of membrane
lipids as a result of formation of reactive oxyggprecies (De Leeuw et al. 1990).
Lipid-based cryoprotectants such as egg phosphelidyne or soy
phosphatidylcholine may provide a physical barrier freeze-thaw damage and
prevent membrane phase separation by influencpid fpacking at the membrane
surface.These exogenous lipids from the freezing extendes ot incorporate into
the sperm membrane but strongly associates witm#rabrane surface (Ricker et al.
2006).
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Cryopreservation requires exposure of spermatoamaextreme variations in
temperature and osmolality. Post-thaw survivalrgbpreserved spermatozoa exhibits
a maximum at a presumptive optimumoling rate and the optimum cooling rate is
also dependent on the warming rate, the optimumsraresumably being due to
sperm permeability properties. The optimum coolamgl warming rates may also be
significantly dependent on the specific cryoprateciadditive and buffer solution in
which the spermatozoa are cryopreserved (Leibo R20Déring freezing, the most
critical time for sperm damage is the period ofaollular ice crystal formation. The
solution at this stage is cooled down to betweean® -15 °C (Pickett and Amann
1993, Caiza de la Cueva et al. 1997). Both too slod/too rapid freezing were found
to be associated with lethal cryoinjury. If freeziprogresses at very slow rates, the
dehydration will take place over a longer time pérresulting in high degree of
shrinking associated with fatal cellular disruptighlazur et al. 1972). However, the
cooling rate must be slow enough to allow watetetve the cells by osmosis in
sufficient quantity. The cellular damage that spsomoa encounter at rapid rates of
cooling has often been attributed to tbemation of intracellular ice However, no
direct evidence of intracellular ice has been presk In the study of Morris et al.
(2007) they concluded that cell damage to horsensgtezoa, at cooling rates of up to
3000 °C/min, is not caused by intracellular icariation rather the cells are subjected
to anosmotic shockwhen they are thawed. The observed differencekdrviability
and motility measurements suggest that differenthaeisms of cellular injury may
be occurring at “slow” and “rapid” rates of cdimg (Morris et al. 2007). Sperm cells
are generally frozen at quite rapid rates in thegeaof 15-60 °C/min, which have
been empirically determined as giving the bestigahvrates (Watson 2000). Optimal
cooling rates for stallion sperm are about°’29min in the absence of cryoprotective
agents and about 6@/min in their presence, as calculated at subzsmpeératures
(Devireddy et al. 2002). Stallion spermatozoa atesenely sensitive to chilling injury
also when cooled from 37 °C to approximately 8 tCa#es > 0.3 °C/min. Theold
shock effect includes abnormal patterns of swimmingcddar or backwards), rapid
loss of motility, acrosomal damage, plasma membdamage, reduced metabolism
and loss of intracellular components (Moran efl882).

The capacity for spermatozoa to respond with adlime adjusment is determined by
several factors including membrane phospholipid pasition, water permability
(Lp), lipid phase transition temperature, Na+/K+ A3@activity, ion channels, and
cytoskeletal elements (Pommer et al. 2002). Celith & higherLp will reach
equilibrium faster (Devireddy et al. 2002). Sperozata subjected to hyperosmolal

44



environment (up to 450 mosmol/kg) appear to hatactnmembranes (viable cells)
and are capable of preserving their mitochondri®, d@monstrated by a high
mitochondrial membrane potential (MMP). However whsperm were subjected to
hypotonic solutions, MMP and viability markedly desed. Thus the thawing process
may be more detrimental to spermatozoa than tlezifrg process (Ball and Vo 2001,
Pommer et al. 2002).

Oxidative stresss defined as the imbalance between pro-oxidative antioxidative
molecules in a biological system. This imbalance lemd to damage to the structure
of cells and macromolecules such as plasma memlmamgonents, proteins, and
DNA (Aitken et al. 1999). Because of the high comtef polyunsaturated fatty acids
(PUFA) in the plasma membrane, mammalian spernsemsitive to oxidative stress
(Parks and Lynch 1992, Aitken 1995). In severalegxpents the effect of sperm
freezing/thawing and storage (Kankofer et al. 2008) production of ROS and
effectivness of various antioxidants (Aurich et &4097; Ball et al. 2000, 2001;
Baumber et al. 2000, 2003a; Sarlos et al. 2002p&ad al. 2005) added to the semen
were evaluated. While the uncontrolled generatibreactive oxygen species (ROS)
by defective spermatozoa can have detrimental tsfi@e sperm function, controlled
production of ROS plays physiologically relevarniesoin signalling events controlling
sperm capacitation, the acrosome reaction, hypeasicih and sperm—oocyte fusion
(Baumber et al. 2000). In stallion semen, ROS ameerated mainly by immature,
damaged and abnormal spermatozoa and by contangratikocytes. Although lipid
peroxidation is well characterized for mammaliaersp equine spermatozoa appear
relatively more resistant to membrane peroxidatioan sperm of other domestic
animals (Baumber et al., 2000; Neild et al., 20@yopreservation of equine sperm,
however, increased lipid peroxidation particuladyer the region of the sperm
midpiece (Neild et al. 2005, Ball 2009).

Factors affecting on semen quality and freezability

Differences in sperm membrane composition, biockgniand metabolism between
both species and individuals within a species maydsponsible for differences in
membrane permeability to water and cryoprotectadlgcerol toxicity could be also

one reason for the variation on stallion spermzZabdity. Hammerstedt and Graham
(1992) reviewed cellular effects caused by glycetioht included changes in
cytoplasmic events due to increased viscosity hyaaellular glycerol, altered

polymerization of tubulin, alteration of microtuleul association, effects on
bioenergetic balances and direct alteration opthema membrane and glycocalyx.
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Increasing cryoprotectant permeability, either litgrang membrane composition or
by using alternative cryoprotectants may improvgosurvival rates of sperm that
normally survive freezing poorly. Indeed, incregsihe cholesterol content of stallion
(Moore 2005b) increases their osmotic toleranceaddition, for stallion sperm that

do not survive cryopreservation well using stand@mdcedures, changing the
cryoprotectant to a smaller more permeable cryeptaht such as formamide or
dimethyl formamide can improve cryosurvival (Sgeiet al. 2004; Alvarenga et al.
2005). Fertility trials have also been performeat thowed a significant improvement
on fertility of stallion semen frozen with dimethigrmamide (DMF) when compared

with glycerol (Medeiros et al. 2002, Moffet et 2003, Medeiros 2003).

Due to the great variation in semen quality betwaed within stallions, factors

affecting quality should carefully be controlled.olRinely used medicines like

Eqgvalan or Quadrisol (Janett et al. (2001, 200S)ress situations as training or
competition (Dinger et al. 1986, Lange et al. 193anett et al. 2006), seasonality
(Janett et al. 2003) or nutrition like feeding arrmeutical rich in docosahexaenoic
acid /DHA/ (Brinsko et al. (2005b) can influence tinesh and frozen sperm quality.

Current freezing protocolgor stallion semen involve a two-step dilution gedure in
which semen is first diluted with a primary extendeentrifuged and then diluted a
second time prior to freezing in an extender conmgi cryoprotectants. The first
dilution employs either saline/sugar extenderskansnilk extenders with or without
egg yolk used to dilute fresh semen. The dilutiate ris either 1:1 or the semen is
diluted to a concentration of ~50 million sperma@ml. The success of
centrifugation depends on duration (10-15 min) aedtrifugation force (350—
700xg). Despite the development of an ever incngasange of freezing extenders,
each claiming some improvement or benefit over ollger (Martin et al. 1979,
Loomis et al. 1984, Heitland et al. 1996, Ecotlef@00, Allen 2005). In spite of the
elevated research on the alternative cryoprotectyserol at a concentration of 3—
5% has been the major penetrating cryoprotectautingly used to freeze stallion
semen. The yolk of fresh chicken or duck eggs @recentration of 10-20% v:v has
remained the preferred source of protein in theZireg mixture. Sugars (usually
combination of fructose and glucose, alternativelifinose or trehalose) are often
added to media which act as non-penetrating cryeptants (Squires et al. 2004). The
most commonly used freezing containers are 0.5t@aWs. The centrifuged, extended
semen is usually cooled to 4°C before freezing Wwhakes place in liquid nitrogen
vapour by suspending the rack of pre-filled strawsw centimetres above the liquid
nitrogen in a specially adapted freezing bath (Bo$999), or in a computer-
controlled automated freezing machine (Allen 20Q3ging controlled rate freezers
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different freezing curves can be set, for exampk recommendation of Digitcool
devise (IMV CryoBio-System, L’Aigle, France) for @ige sperm cryopreservation is
the following: from 4 to -10 C at 10 C/min, from0-10 -100 C at 20 C/min, from -100
to -140 C at 60C/min. The samples were then plunged into liquicogen.

Some alternative methods such as unique freezotmigue /UFT/ (Vartorella 2003,
Goolsby et al. 2004), ultra-low temperature fresezgklamo et al. 2005), 'Multi-
Thermal-Gradient' (MTG) technology (Zirkler et aD05, Saragusty et al. 2007) also
have been utilised and showed comparable reswdts ¢bnventional liquid nitrogen
methodology. These techniques may be suitable glage the tradional method. A
sublethal environmental stress, through the appbicaof a high hydrostatic pressure
(HHP) impulse (30 MPa pressure for 90 min) befargpreservation significantly
improved the post-thaw motility, viability and féity of frozen bull sperm
(Pribenszky et al. 2007, Kutvolgyi et al. 2008). wéwver the preliminary study
showed that the response for different pressure/tombinations is more individual
in stallion sperm and it was not found substantmprovement in most of the
examined attributes, only the VCL parameter of CAS#er using 5SMPa pressure for
60 minutes, increased after freezing/thawing (Httred al. 2007).

2.7.3 Cryodamages and their evaluations

More than 50% of all spermatozoa are damaged leziftg process (Leibo 2006).
Formation of ice crystals and the osmotic streesemt during freezing and again at
thawing are the two major factors related to crijgoiyn However, in recent years a
number of other factors related to cryodamage hlawen characterized: phase
transitions in the plasmalemma, oxidative damag®&ADdamage, toxicity of
cryoprotectants, premature aging, and capacitditenchanges (Watson, 200)n
apoptosis-like phenomenon has been also identjiedar et al. 2002, Martin et al.
2004). In general, the most susceptible structafdbe spermatozoa to preservation
procedures seem to be the membranes (Parks andrgrdl®92). Cryopreserved
mammalian semen is generally acknowledged to havengaired fertility by
comparison with fresh semen. The reduction arisas fboth a lower viability post-
thaw and sublethal dysfunction in a proportionha surviving subpopulation.

» Mebrane damages— viability

Changes in plasma membrane structure and integppear to be an important
component associated with reduced fertility of &ozthawed spermatozoa. Sperm
membrane destabilization occurs when the membradergoes a phase transition
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from the fluid phase to the gel phase as tempasitdecrease (Squires 2005). There
are numerous light- and fluorescence microscopiinisty methods to determine
viability of spermatozoa. These mainly give infotraa from the integrity of the head
and acrosome membranes, but not from the tail mamebiThe HOS test is thought to
have an advantage over the sperm viability stagtatse it is not only indicative of
whether the plasma membrane is intact but also nalicdtor of whether it is
osmotically active (Colenbrander et al. 2003). Nait al. (2003) have used various
fluorochromes to evaluate membrane damages duhiagfreeze-thaw process for
equine sperm. Sperm viability and capacitationestatre simultaneously evaluated
using chlortetracycline (CTC) and Hoechst 33258. dfembrane function was also
evaluated using HOST. Sperm were analysed imméyliatiéer collection, after
dilution and centrifugation, after re-dilution amduilibration at room temperature,
after cooling to 5 °C, after super-cooling to —15 and after thawing. The results
show that freezing-thawing induces cell damage ancklative increase in live
capacitated/acrosome reacted cells. The most pnoedu functional damage to
membranes of sperm occurred after thawing. An wniggpect of this study was the
ability to evaluate capacitation and acrosomalgntg in conjunction with viability,
however only the sperm head membranes were podsitdssess. The trypan blue
(TB)-neutral red-Giemsa staining method was appiedsimultaneous evaluation of
sperm head and tail membrane integrity, acrosomtisstand overall morphology
(Kovacs and Foote 1992, Nagy et al. 1999, Kovacal.e2000). After freezing and
thawing, a high proportion of spermatozoa with ehtaead membranes but damaged
tails are observed. These cells are consideredrastile (Nagy et al. 1999).

» Decrease in motility

Post-thaw motility of cryopreserved stallion speshows poor correlation with
fertility, indicating that subcellular damage caffieet fertility without concomitant
impact on motility. Decline of motility shows spest and individual differences after
cryopreservation of spermatozoa. In the semen ef3®40% of stallions which
‘freeze well’, post-thaw sperm progressive motiletgd total motility figures of 40—
60% and >70% respectively, but in the semen of G%-4f stallions that ‘freeze
badly’, postthaw sperm progressive motilities as las 10-15% occur commonly
(Jasko et al. 1992, Allen 2003h the study of Ortega-Ferrusola et al. (2009) i& sh
from a more linear to a less linear pattern of nmoeet and a significant drop in sperm
velocities was observed, rather than a dramatgilosperm motility after thawing.
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> DNA fragmentation

DNA damage is another well-known cytopathic effe€tROS. In equine sperm,
exposure to increasing concentrations of ROS redutt a dose-dependent increase in
DNA fragmentation as detected by the Comet Asshis DNA damage was blocked
in the presence of catalase or reduced glutathi@GsH) but not in the presence of
SOD, which indicates that hydrogen peroxide@t) was the major ROS responsible
for DNA damage in these cells (Baumber et al. 2D0OBaring storage of equine
spermatozoa, there is a measurable increase in ftadfnentation as detected by the
comet assay with both cooled (Linfor and Meyers2Gihd frozen storage (Baumber
et al. 2003a). In contrast there was no significdifterence in the sperm DNA
fragmentation index (sDFI) of sperm evaluated afiii after collection compared to
those tested immediately after chilling or cryopreation evaluated by sperm
chromatin dispersion test (SCD). However, withim bf incubation at 37 °C, both
chilled and frozen-thawed spermatozoa showed dafis@nt increase in the proportion
of sDFI; after 6 h the sDFI had increased to ov@b5and by 48 h, almost 100% of
the sperm showed DNA damage (Lopez-Fernandez 20@r.).

Unfortunately, the addition of antioxidantsi-tocopherol, reduced glutathione,
ascorbic acid) or enzyme scavengers (catalase, resuge dismutase) to
cryopreservation extenders did not reduce the lef@dNA fragmentation, did not
improve spermatozoal motility, acrosomal integrityiability, or mitochondrial
membrane potential subsequent to freezing and tigawif equine sperm cells.
(Baumber et al. 2005). Spermatozoa have limitedoaability to repair DNA damage,
and studies indicate that although fertilizationynmaccur, the rate of subsequent
embryonic development is reduced and the rate rbf eenbryonic death is increased
in situations in which fertilization is initiatedylDNA-damaged sperm (Morris et al.
2002).

» Apoptosis
In the recent years an apoptosis-like phenomen@nbegn identified during the
cryopreservation process (Anzar et al. 2002; Maetiral. 2004). This explains not
only cellular death but also the different degrésuitle cellular damage that most of
the surviving population of spermatozoa experienaéier thawing. The major
function of mitochondria is supplying cellular eggr but the second major function
of the mitochondria is the regulation of cell deé@dit et al. 2007). In addition, this
subcellular structure is the major source of re@acbxygen species. Mitochondria-
generated ROS play an important role in the reledseytochrome C and other
proapoptotic proteins, which can trigger caspaswat®mn and apoptosis. In relation
to this, mitochondria have been identified as thestrsensitive sperm structure to
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cryopreservation (Pefa et al. 2003). All of thesanges result in reduced longevity of
the cryopreserved spermatozoa within the femaleodetive tract. The kinematics
of the appearance of apoptotic markers was studigdflow cytometry and
immunoblot assays in equine spermatozoa subjectéddzing and thawing. Caspase
activity, low mitochondrial membrane potential, aimdreases in sperm membrane
permeability were observed in all of the phaseghef cryopreservation procedure
(Ortega-Ferrusola et al. 2008). Ortega-Ferrusokd. 2009) studied in equine semen
the value of these apoptotic markers as predidteperm freezeability. Their findings
show differences in the expression of apoptoticker@d among stallions; moreover in
fresh semen these differences were also observigel. é&yopreservation frequently
shown morphologic changes in the sperm midpieceisheharacterized by moderate
to marked swelling of the mitochondria suggestihgttsperm mitochondria are a
significant site of cryodamage with uncoupling adrmal oxidative metabolism,
generation of ROS and induction of degenerativegsses such as apoptosis (Brum
et al. 2008).

» Capacitation-like changes, early acrosome lost

Following cryopreservation in modified Kenney's nugd, capacitation-like changes
were observed evaluated by chlortetracycline (Cfli@yescence staining. There was
a significant increase in the proportion of speomat displaying “capacitated”
pattern (64.8%) and acrosome reacted (AR) patte2n8%o0) with a corresponding
decrease in the proportion of spermatozoa displayire “uncapacitated” pattern
(2.5%). There was a major decrease in the propodfouncapacitated spermatozoa
corresponding to an increase of capacitated spemoatollowing removal of seminal
plasma after centrifugation and resuspension iazfrey medium. (Schembri et al.
2002). Neild et al. (2003) found that freeze-thayvinduces cell damage and a
relative increase in live/capacitated and live/aoroe reacted cells. However, it was
not possible to determine whether the changing Qiditerns reflect a true
capacitation phenomenon or an intermediate destedbilstate of the sperm cell
membrane. In another study (Kavak et al. 20GBagry low percentage of the cells
showed early capacitation sign after thawing detkéd¥lerocyanine 540/Yo-Pro-1
probe using flow cytometry. Wilhelm et al. (1996&shused PI and phycoerythrin-
conjugated PSA lectin for evaluation of acrosomatus of frozen-thawed stallion
spermatozoa, and found that 87-88% of live spernoatchad intact acrosomes.
Cryopreserved and capacitated sperm share sevmmehoteristics such as plasma
membrane reorganization, increased intracellulaciwwa levels, generation of
reactive oxygen species, and acquisition of fedtlon capacity (Bailey et al. 2000).
Seminal plasma of man and stallion contains chedektich vesicules secreted by
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prostate (prostasome) which block cholesterol rffom the membrane thus delay
the capacitation until appropriate time (Cross &fahasreshti 1997). Removal of
seminal plasma and herewith prostasomes by cegatittn before freezing may
influence this physiological process. Generationrefctive oxygen species can
promote equine sperm capacitation and tyrosine pitwglation, suggesting a
physiological role for ROS generation by equinersaozoa (Baumber et al. 2003b).
Thomas et al. (2006) found that the regulation bbgpholipid scrambling, the
capacitation-like alterations in the plasma membraand protein tyrosine
phosphorylation following cryopreservation are ndéntical to those in in vitro

capacitated equine spermatozoa thus capacitatidn*“aryocapacitation” are not

equivalent processes.

» Morphology

After freeezing and thawing, ultrastructural changesre observed in the acrosome,
in the outer fibres of the midpiece, and in the reetue of the principal piece
(Christensen et al. 1995, Katila 2001a). ResultSBM showed spermatozoa with
typical fenestrations and ruptures of the plasmanbrane in the acrosomal region,
some spermatozoa with abnormal necks and some nspesi with frequently
separated head and flagella. Large areas of rougsupted acrosomal surface and
with ruffled membranes occurred in frozen samplBist{ner et al. 2001).

» Functional changes, in vitro fertility ability” tests: Binding to oviductal
epithelial cells and zona pellucida

Spermatozoa that have been altered during the gsafdreezing and thawing have a
reduction in their ability to attach to the ovidaictepithelial cells (OEC)hence
making a smaller reservoir in the mare’s reproductract (Lefebvre and Samper
1993 Dobrinski et al. 1995, Samper 2001). The mean nurabspermatozoa bound
to equine OEC and zona pellucida (ZP) and percentafj acrosome-intact
spermatozoa were lower for frozen-thawed thanriestf spermatozoa. The motility of
spermatozoa attached to OEC was lower in cocultofeéSEC with frozen-thawed
spermatozoa than with fresh spermatozoa at each piont between 0.5 and 48
hours, probably reflecting lower sperm motilitytire insemination dog®obrinski et
al. 1995).

> Early embryonic loss

Many authors suggest that frozen—-thawed spermat@reaassociated with an
increased incidence of early embryonic mortalitge potential mechanisms can now
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be studied more effectively. DNA damage may indicainctional damage to the
nuclear structures. Possible importance of spernA Rdl the events before the
embryonic genome is activated cannot be disregditfadson 2000).

» Cryodamages, laboratory assessment methods and ttmirelation to the
frozen equine sperm’s fertility

The results of the studies evaluating correlatidnfrozen equine sperm quality
parameters and fertility are contradictory. Thdiligr of frozen semen is influenced
by a number of factors including semen qualityllista selection, freezing technique,
insemination dose, mare selection, mare status naandagement. The fertility of
frozen semen in commercial programmes has beenteelpto range between 32%
and 73% per cycle (Samper 2001) and between 56%8a%d per season (Loomis
2001). Katila (2001a) has extensively reviewed difeerent techniques available to
assess sperm quality in stallion. Her primary casion was that sperm motility and
viability were the best parameters. However, withi& same research group, a review
by Kuisma et al. (2006) later claimed that the iligyt of frozen-thawed semen
samples from stallions was unpredictable usingetudaboratory methodologies.

It's not easy to find correlation between fertiligf frozen stallion semen and
laboratory tests. It is difficult and expensive it@eminate an adequate number of
mares to achieve statistically significant diffezes. In the early studies there were
contradictory results from relation of frozen/thaexjuine sperm evaluation methods
and fertility parameters: Significant, but low cgations have been demonstrated
between the foaling rate and subjective motilityspérm incubated for 2 h and 4 h at
37°C (Katila et al. 2000b) and hypoosmotic swelliegt after 0 and 3 h of incubation
(Katila et al. 2000a) Significant correlations have been reported betwésn
pregnancy rate (based on 40 mares) and viabilitgropidium iodide-stained sperm
assessed by flow cytometry (Wilhelm et al. 1996)wadl as for glass wool and
Sephadex filtration tests (Samper et al. 1991)n¢y SIASA system, motility had a low
(0.45) but significant correlation with the firsgade pregnancy rate of 177 mares
inseminated with frozen semen from 9 stallions (Sanet al. 1991). In another study
there was no correlation between fertility and eatiye post-thaw motility or
percentage of sperm moving >afh/sec (RAP) analysed by CASA (Bataille et al.
1990). In another French study, 766 mares werarimsged with frozen semen, but
none of the criteria measured by CASA (VCL, LIN, AL MOT, RAP) had a
significant correlation with fertility (Palmer anélagistrini 1992). It is clear that
freezing and thawing processes cause sublethaljebapremature cryocapacitation
and acrosome reaction of spermatozoa, damage meesbaad kill cells. Not all of
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these changes are reflected in motility. In spitehat, motility estimation by light
microscope is the most commonly used method touatalfrozen-thawed stallion
sperm.

Analysis of single-sperm parameters was not higblyelated with stallion fertility in
the experiment of Wilhelm et al. (1996). Howeverithwa statistical model that
included data on percentage of viable sperm (flgt@roetric estimates measured by
PI-PSA), percentage of motile spermatozoa andepémge of hamster oocytes
penetrated, these tests were highly correlated stéiflion fertility /r = 0.85; P =
0.002/ (Wilhelm et al. 1996). Kuisma et al. (200@}ected both negative and positive
correlations between HOST and fertility, suggestingt this test is not suitable for
evaluation of frozen-thawed stallion semen. In rthesiperiment plasma membrane
integrity with light microscopy correlated with marother parameters, including
motility. This is in disagreement with the study 8amper (1992) who noted
membrane integrity to show extremely poor correlativith motility, particularly in
preserved semen. HOST combined with eosin staievfaluation membrane physical
and functional integrity and trypan blue-Giemsaingtgy for evaluation of sperm
plasma membrane and acrosome integrity togetherawaduable fertility predictive
test could be used for the prognosis of the pakfditility of frozen-thawed bovine
semen samples used for IVF or Al according to Thidae and Ritta (2004). In the
study of Kirk et al. (2005) evaluating only a segbarameter did not adequately
explain differences among stallions in fertilitygvirever, combining results of assays
that measured multiple sperm attributes improvedathility to evaluate the fertilizing
potential of frozen-thawed spermatozoa. The fouralde model, which included: (1)
motility at 90 min; (2) straightness measured byS2Aat 90 min; (3) percentage of
live cells evaluated by flow cytometry using prdpi iodide and SYBR-14.; and (4)
mitochondrial membrane potential measured by flgtemetry, using mitochondrial
probe, JC-1, explained the majority of the variatia first cycle fertility between
stallions (f = 0.93) (Kirk et al. 2005). The ultimate goal ofifti-parametric sperm
analysis was to be able to distinguish sperm sanfflat have potentially good
fertilizing potential from those likely to have podertility. Katila (2001a) and
Colenbrander et al. (2003) also emphasized the teemmbine several tests for
fertility evaluation of frozen-thawed stallion seme

~Sperm cryobiology is still a puzzle” (Leibo 2006 uture attempts to optimize sperm
cryopreservation may be more useful if attention paid to the individual
characteristics of males instead of pooled spemuisgens of a species (Leibo 2006).
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2.8 Sperm separation for in vitro embryo production

Many valuable stallions produce poor quality seniecluding bad sperm freezability,
low number of sperm and low percentage of viablerrsatozoa. Availability of
semen of some very valuable stallions is reducedalise they are dead or it is not
possible to collect semen from them anymdmethese cases sperm can be used for in
vitro embryo production. Standard in vitro fertditron (IVF) is largely unsuccessful
in horses, primaly because it is difficult to adamly stimulate horse sperm to
penetrate the zona pellucida in vitro. Thereforetilization is performed by
intracytoplasmic sperm injection (ICSI) (Roasa ket2807). ICSI can be applicable
also when semen quality is insufficient for stamdarsemination, use of sex-sorted
spermatozoa, a failure of natural fertilizationoafcyte in the mare or using oocytes
from ovaries of some valuable mares post-mortemvito embryo production is
possible in the horse for both routine and reseamplications. Oocytes may be
collected from excised ovaries post-mortem, or freither immature follicles or
stimulated pre-ovulatory follicles in the live mapdinrichs 2010).The first ICSI foal
was produced by Squires et al. (1996). This tealmigs now being offered
commercially in several laboratories around thelav{8quires 2005).

The onset of clinical assisted reproduction in hammedicine required the isolation of
motile spermatozoa. Under in vivo conditions, pbtdly fertile spermatozoa are
separated from immotile spermatozoa, debris andnséiplasma in the female genital
tract by active migration through the cervical msicDuring this process, not only
progressively motile sperm are selected, but sp@zoa also undergo physiological
changes called capacitation, which are prereqsisite the sperm's functional
competence with regard to acrosome reaction (Yamachi 1994, Henkel and Schill
2003). The introduction of assisted reproducti@peeially of IVF, during the 1980's,
led to the development of a wide range of differepérm separation methods. An
ideal sperm preparation technique for assisted eqgiran requires the capacity of
accumulating in a relatively small volume the latgaumber of morphologically
normal, mature, viable sperm with good motility anthct DNA and this extract of
the ejaculate must be free of seminal plasma, leyks, bacteria, and other debris
and should reduce ROS. There are four basic appesaior sperm separation: (1)
dilution and washing (centrifugation and resuspamsi(2) sperm migration (swim-up
procedures, migration-sedimentation), (3) selectiwashing of subpopulations
(density gradient centrifugation, e.g. Percoll® rd8&perm®, Nycodenz®), and (4)
techniques with adhesive substances to eliminatel dpermatozoa and debris (e.g.
glass wool (GW), glass beads, Sephadex and Leuno@Rodriguez-Martinez et al
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1997, Sieme et al. 2003). Henkel and Schill (208@nmarized all the sperm

separation techniques which had been using in dineah ART procedures until they

prepared the manuscript. They pointed out the adgas and disadvantages of the
different methods and also discussed the ways dhdu developments of the

techniques.

Initially, starting from simple washing of spermat@, separation techniques, based
on different principles like migration, filtratioor density gradient centrifugation
evolved. For all migration methods, the self-préggeinovement of spermatozoa is an
essential prerequisite, while for density gradiesgntrifugation and filtration
techniques the methodology is based on a combmafithe sperm cells' motility and
their retention at phase borders and adherend#ragion matrices, respectively. The
migration techniquescan be subdivided inewim-up (SU), under-lay and migration-
sedimentation methods. SU method originally describy Mahadevan and Baker
(1984) As swim up separation is based only on the abdityactive movement of
spermatozoa from the pre-washed cell pellet into @rerlaying medium,
morphologically abnormal spermatozoa and spermatedth damaged DNA will be
present along with the normal spermatozoa. How@iéris easy to perform and
usually recovers a very clean fraction of highlytieospermatozoa, the method has
disadvanteges also: restricted to ejaculates wigh Bperm count and motility, the
yield of motile spermatozoa is limited, spermatozaa be massively damaged by
reactive oxygen species, significant decrease haf percentage of normally
chromatin-condensed spermatozoa. (Henkel and S20@B) A more sophisticated
and most gentle migration methodnmgration-sedimentationHowever, its yield is
relatively small and the technique is thereforenmaty only limited to ejaculates with
a high number of motile spermatozoa (Tea et al4188vos et al. 2000, Henkel and
Schill 2003).

Centrifugation on a discontinuous density gradiefPGC) is a technique used to
separate many different types of cells. Spermatdmnee a different density from
epithelial cells, leucocytes, bacteria and cellrideband therefore can be separated
from the other components of the ejaculate. Senglz@ma remains at the top of the
gradient. Motile spermatozoa will orient themselireshe direction of the centrifugal
force and will pellet faster than immotile spernzata, careful selection of
centrifugation time and speed allows the motilersygozoa to be separated from
immotile ones. Immature and senescent spermatenaghthose with damaged DNA,
are also trapped in the upper layers of the gradenhe interfaces, leaving a sub-
population of motile, and hopefully fertile, speto®oa in the pellet (Morrell 2006).

55



DGC separates usually clean fraction of highly feasipermatozoa. In this method
sperm from ejaculates with a very low sperm denséty be separated, the yield of
separated spermatozoa is good, leukocytes, baeatedi@ebris can be eliminated to a
large extent, reactive oxygen species are sigmifigaeduced. Disadvantage of the
methods: production of good interphases betweerdiffierent media is a bit more
time-consuming, DGC is an expensive method andethera potential risk of
endotoxins mainly using Percoll® (Henkel and Sc2ll03).

In the last decade, work in several clinics worldlevhas shown that density gradient
preparation of spermatozoa, in conjunction withnswip, can remove viral infectivity
from human semen samples when semen came from dami@cted with HIV,
hepatitis C or hepatitis B, as reviewed by Engedrial. 2004. Recent studies with
virally-infected animal semen have shown that ityrbh@ possible to remove some
animal pathogens in a similar manner, for examplére arteritis virus from stallion
semen (Geraghty et al. 2004, Morrell 2006).

During glass wool filtration(GW), motile spermatozoa are separated from immotil
sperm cells by means of densely packed glass vilalsf (Van der Ven et al. 1988).
The principle of this sperm separation techniques lin both the self-propelled
movement of the spermatozoa and the filtrationcefdé the glass wool. This can also
be used for patients with oligo- and/or asthenogeowsia. Like density gradient
centrifugation, glass wool filtration also providélse advantage that the sperm
separation can directly be performed from the dfeu However leukocytes are
eliminated to a large extent and reactive oxygeecigs are significantly reduced
using this method, the filtrate is not as cleanitas with other sperm separation
methods and remnants of debris are still preseanikl and Schill 2003).

Recently, species-specific glycidoxypropyltrimetiiskane (GPMS)-coated silica
colloid formulations for use with animal spermatazibave been developed at the
Swedish University of Agricultural Sciences (SLWBlere only one layer of colloid is
used, instead of the two or more layers commongdusr a gradientSingle layer
centrifugation (SLC) was successfully used for separation of sarad large volume
of fresh, chilled or frozen-thawed sperm in equip@cine and bovine species and can
be an alternative method to density gradient (Ma®arcia et al. 2009, Morrell et al.
2009a,b,c,d; Thys et al. 2009).

The complex sequence of biological steps involvedeproduction in vivo is only
partially reproduced in current IVF proceduresfdnt, events playing a key role in
vivo such as male gamete selection can only baapgrmimicked in vitro. To
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understand the role played by the mammalian ovidusperm storage and selection
severalin vitro sperm-oviductal cell co-incubation systeni@ve been developed.
Particular sperm subpopulations have been reptotbd selected by in vitro cultured
oviductal cells through cell-cell adhesion, in diffint species. The isthmus of oviduct
acts as a sperm reservoir thus ensuring spermvaliwmtil ovulation (Yanagimachi
1994). In vitro experiments showed that sperm dasced with oviductal explants or
monolayers undergo a slow, spontaneous and proggestease that may mimick the
in vivo sperm release occurring in close assoaatm ovulation. In the bovine, in
vitro selected sperm have been demonstrated tondewsed with a superior zona
pellucida binding and fertilization competence ((Haa and Talevi 2000, Talevi and
Gualtieri 2004). Studies showed that adhesion tdumtal epithelial cells and oviduct
secretions are able to prolong the sperm motiitgbility, and fertility (McNutt and
Killian 1991, Grippo et al. 1995, Lefebvre et abB9b). Co-incubation of equine
spermatozoa with equine oviductal epithelial c¢@EC) monolayers resulted in
attachment of a subpopulation of spermatozoa tartbeolayer. These spermatozoa
are a selected subpopulation of the initial inset@ncontaining a higher proportion
of morphologically normal, motile cells than thes@minate (Thomas et al. 1994).
Adhesion to the oviduct allows the selection of repecharacterized by an
uncapacitated status (Thomas et al. 1995, Talel/Garaltieri 2004).

The most widely used sperm separation technique blees thePercoll®-based
density gradien{PG) for all methods of assisted reproduction (IGIFT, IVF, ICSI,
etc.). It was introduced by Hyne et al. (1986) fmman in vitro fertilization. The
typical methodology for the density gradient cdagation comprised continuous or
discontinuous gradients from which discontinuousd@nts are used generally.
Percoll® consists of colloidal silica particles ta with polyvinylpyrrolidone (PVP)
that select spermatozoa according to their densitych seems to be related to their
maturation stage and their integrity. Spermatozah whromatin integrity are denser
and are deposited in the area of greater densityaddition, motile spermatozoa
deposit faster than nonmotile cells with the cémgal force, because of the alignment
of their movements with this force. Because ofrtenplicity, rapidity and excellent
yields, they have become very popular in varioudiosly assisted conception
procedures. Activated caspases, decreased mitochlomeembrane potential, altered
plasma membrane permeability and increased DNAxfeangation, all indicators of an
apoptotic-like process. Apoptotic-like changes weexamined in different
subpopulations derived after density gradient deigiation of human and equine
semen. Spermatozoa isolated from the low-densigyface had a significantly greater
proportion of apoptotic-like changes than ones ftbmhigh density fraction detected
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(Barroso et al. 2006, Brum et al. 2008). Percol&gity-gradient fractionation clearly
separates spermatozoa from foreign material suckxtender particles, cells and
bacteria. The morphological selection of spermadonro the prepared population
varies, with most tail, and midpiece defects bemgnarily excluded (Rodriguez-
Martinez et al. 1997). Percoll® is considered tabmpletely non toxic to cells and to
have essentially no free PVP. Avery and Greve (188Spected that some Percoll®
batches could have had an excess of free PVP, dirgethe reported 1 to 2%, and
that the spermatozoa could have been coated withdVing the Percoll®-treatment,
a coating which would not have an affect on th@ahmotility of the spermatozoa,
but which might result in a low sperm penetratiaterof the oocyte. Another problem
was that some batches of Percoll® had endotoxereffo it was discarded for use in
assisted reproduction technics in human medicinéileMPercoll® as a density
medium was removed from the market in 1996 foricdihuse in the human because
of its risk of contamination with endotoxins (Phacia Biotech Inc. 1996), this
separation method (after a thorough post-Percofihvng step) still has remained to
use widely in ARS techniques in domestic animalsrc8ll® density gradient
separation for bovine sperm was described by Pamisal. in 1995. Percoll®
gradients technique is generally used for sepayatiquine spermatozoa for ICSI
(Landim-Alvarenga et al. 2008). Since Percoll® veaspped to use in the human
practice other media like IxaPrep®, Nycodenz®, 8g86t®, PureSperm® or Isolate®
have been developed in order to replace Percolkifire®, a sperm separation
product was formulated specifically for use withllbsperm was found a good
alternative media in bovine IVF programs (Samaedetjal. 2006).

There are numerous studies for comparing diffesgerm separation techniques in
human and also in animal science. The results #@e ocontroversial and depend on
many aspects of the experiments (species; prepayajuality and quantity of the

semen; amounts and concentrations of the separagdg etc.).

2.8.1 Comparison of swim up and density gradient egrifugation

Several studies have previously been carried outotopare the effectiveness of
swim-up and Percoll® separation on human spermatowith very varied results
(Menkveld et al. 1990, van der Zwalmen et al. 19€han et al. 1991, Morales et al.
1991, Englert et al. 1992, Lachaud et al. 2004ri¢tart al. (1995) studied these
sperm separation methods in bull semen and repdotter motility of bull
spermatozoa by Percoll® than swim up procedurethieitpenetration and cleavage
rates after IVF of bovine oocytes using the swimeghnique were higher than those
of Percoll® treatment. Rodriguez-Martinez et al991) perceived this beneficial
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effect of Percoll® separation only on frozen—-thawethen having spermatozoa with
a low post-thaw motility (27—-30%) or a low rate infact membrane. Swim-up and
Percoll® separation techniques were compared alé@rvest viable sperm in bovine
(Somfai et al. 2002b) and in bufallo (Mehmood et24109). Somfai et al. (2002b)
observed higher rate of viable sperm with intacosaeme evaluated by Kovacs-Foote
staining (Kovacs and Foote, 1992) and also beteowvery rate after Percoll®
separation than that after swim-up of frozen—thawetl sperm. In the study on
buffalo semen swim-up separated sperm showed aerhigtotility, while percent
recovery of motile sperm was higher with Percoll@aration. Swim-up method
rendered a significantly greater number of sperth witact membrane assessed using
the hypoosmotic swelling (HOS) compared with Pd&gradient whereas acrosome
integrity of the sperm determined by staining wifbomassie Blue did not differ
between the two separation methods. Swim-up segghraperm gave a higher
cleavage rate and cleavage index (Mehmood et 8P)2 the study of Stokes et al.
(2004) bovine oocytes were injected by equine mifmsperm separated by standard
two-layer Percoll® density gradient or Swim up teicque. Pronuclei formation,
cleavege and blastocyst development did not saamtly differ if PG or SU was used
for sperm preparation.

2.8.2 Comparison of different sperm preparation tekniques

There are many studies evaluating other methods,géass wool filtration, Silane-
coated silica bead (PureSperm®), Sephadex coluftratibn (SpermPrep®) and
compairing those to Percoll® and/or swim up proceduperformed by in vitro
(Gabriel and Vawda 1993, Centola et al. 1998, Clrasth Bongso 1999, Hinting and
Lunardhi 2001, Mendes et al. 2003, Sieme et al3206e et al. 2009) or in vivo (Nie
et al. 2003) experiments. However, in some aspbetaewer separations were better,
but the types of samples (fresh, chilled or froaermozoospermic, oligozoospermic,
asthenozoospermic), designs of experiments andethdts were different between
laboratories. There is no single separation teple)i showing constant superior
result.

2.8.3 Preparation of low quality, small volume andow concentration sperm for
ICSI

ICSI is an extreme example in low-dose inseminatibecause only a single
spermatozoon is injected into the oocyte. Recdmilge breeders have requested that
semen be frozen with few numbers per straw for egipsnt sperm injection. Studies
are being conducted on frozen semen with few nusnbespermatozoa per straw for
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subsequent sperm injection, and also to deternmieectfect of thawing, re-dilution
and refreezing of semen on sperm quality and onrgmbevelopment after ICSI
(Squires 2005). McCue et al. (2003, a manuscrigtublished) thawed frozen stallion
sperm (0.5-ml straws at a concentration of 400iomlper ml) and either re-froze at
the same concentration or diluted to 40 X, ¥0x 10, 4 x 10 and 4 x 16 sperm per
ml with additional extender and re-froze in 0.25ass. Thawed and Re-
frozen/thawed semen was evaluated for motility aijuand by CASA and stained
with PI for determination of sperm viability. Totalotility was 92% pre-freeze, 64%
after first freeze, and 46% after second freezabNity was 31% after first freeze and
19% after second freeze. Dilution prior to re-fiegzresulted in similar motility to
those samples re-frozen without further dilutionc@lie et al. 2003 manuscript,
unpublished and also cited in Squires, 2005). Ghaal. (2006) demonstrated that
thawing one semen straw, diluting 1:100 and refrepzloes not lower blastocyst
formation rate after ICSI. The studies show thas possible that one straw provides
nearly a thousand additional straws for subsegsigertm injection. Other possibilities
include cutting a piece of the straw under liquitdlagen, thawing the semen and then
refreezing the extra sperm that are not needeth&ICSI procedure (Squires, 2005).
These techniques would allow one to conserve genaierial for a long time period
and extend the use of valuable semen several ooflensgnitude compared with its
use in conventional breeding methods (Squires, 2005

ICSI procedure requires separated, cleaned, irdpetmatozoa. Standard sperm
separation methods are not always effective with fmmbers of total and viable
sperm especially using sperm frozen in the threeeifoconcentrations mentioned
above in McCue et al. (2003). In humans for oligzsgmermic (sperm concentration:
10-20 x 16/ml) and asthenozoospermic samples (sperm congentra5 x 16/ml),
the regular Percoll® gradient centrifugation yieldiew rates of sperm recovery.
Therefore, a discontinuous mini-Percoll gradienB (thl of each of 95%, 70% and
50% Percoll®) was developed and resulted in betteovery of clean, motile (Ord et
al. 1990) and also morphologically normal and H@fva spermatozoa (Smith et al.
1995) In a clinical study separation by mini-Perautreased the rates of implantation
and clinical pregnancy (Egbase et al. 1997).

In human sperm preparation washing procedure ystakes longer than in animals,
because cleaning is very important and because tisey usually low speed of
centrifugation. In the human experiments Percolf@dgnt centrifugation took 25-45
min at 300 x g power. Then the pellet was washednowwo steps for 10 min at 500 x
g (Johnson et al. 1996, Egbase et al. 1997). Iitiaddn the study of Johnson et al.
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sperm was centrifuged twice at 400 x g for 5 mifolmesperm separation. These are
very time-consuming processes. Stallion spermat@raénly frozen semen) are very
sensitive to protracted procedures like the oned us humans; however not sensitive
for higher centrifugation speed (Dell’Aqua et abD02, Hoogewijs et al. 2010 and
personal experiences).

2.8.4 Improving of efficiency of sperm separationsising treatment of
spermatozoa

Commonly there are two different main approachestoease the effectiveness of
sperm separation. One is modifying and developepgasation methods and the other
is adding chemical stimulators to the media to wwpr functional capacity of
spermatozoa for successful fertilization. Many saibses including serum, peritoneal
fluid and follicular fluid or other chemically deied pharmacological substances like
kallikrein, progesterone, adenosine analogues dhyh@nthin derivates have been
proposed to stimulate human sperm functions (Hemkal Schill 2003). Recent
studies are focusing also to the problem of imradtliman sperm preparation from
sperm of oligozoospermic, oligoasthenozoospermin ara also from testicular and
epididymal biopsy. Pentoxifylline (PX) and hyaluroracid (HA) are successfully
used for initiating and inducing motility and viéity in these cases.

Pentoxifylline is a methylxantine derivate and non-specific iitbib of
phosphodiesterase (PDE). Therefore increases dtiikes levels of cAMP. It
increases sperm motility, progressive motility. 8%o may play a role at induction of
capacitation and acrosome exocytosis (Tesarik et 1802), but the motion
characteristics didn’'t show that effect after P¥atment of human sperm samples (3
mM PX dissolved in control medium, and incubatedZ® min at room temperature),
because only curvilinear velocity (VCL) increasaat beither elevated lateral head
displacement (ALH) nor reduction of the linear roati- which are revealing for
capacitated spermatozoa - were found evaluated AfyAC(Yogev et al. 2000). In
other studies the authors found an increase inragpeated motility, average path
velocity (VAP), VCL and ALH in hamster and humanesp after PX treatment
(Jayaprakash et al. 1997, Calogero et al. 1998).

Non-specific inhibition of the PDE's would obvioyglesult in both, stimulation of
motility and acrosome reaction depending on theditmms and most importantly on
the time of stimulation and the concentration oftpgifylline in the medium. Over-
stimulation could definitely result in a too eadgrosome reaction. For ICSI, where
spermatozoa bypass all physiological barriers lexdlney are directly injected into
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the oocytes, the relevancy of this problem seentsetoonflicting (Fisch et al. 1998,
Henkel and Schill 2003).

In human medicine, pentoxifyllin is widely used itatiate motility in the case of
immotile testicular or epididymal spermatozoa or &stheno-zoospermic men for
ICSI (Tarlatzis et al. 1995, Terriou et al. 2000pudcic et al. 2006) ). Sperm
preparation with PX resulted in higher fertilizaticates and more viable pregnancies
(Tarlatzis et al. 1995, Kovacic et al. 2006). Alligh sperm samples treated by adding
pentoxifyline as a supplement to the cryoprotectaldn't improve motion
characteristics after post-thaw (Stanic et al. 20QBe treatment after thawing
increased significantly the total and progressiwility of human (in 3 mM PX)
(Stanic et al. 2002) and also of equine spermat@mod.5 or 7 mM PX) (Gradil and
Ball 2000). It was also reported that PX suppleméon before or after
cryopreservation does not alter the plasma memheaaleated by HOS test (Stanic et
al. 2002). The addition of 3.5 or 7.0 mM pentoXify¢ appeared to increase the
motility of chilled spermatozoa compared to cordr@@radil and Ball 2000). Esteves
et al. (2007) confirmed the results above.

Hyaluronic acid is a non-sulfated glycosaminoglycan which is pbipgical
component of the cumulus and of the female and megleoductive tracts. It has also
been used in human medicine in a special swim-ughadecalled Sperm Select
System (Select Medical Systems, Williston, VT). Theedium contains 1mg/ml
highly purified HA. In the technique sperm swimdipectly into the HA solution. HA
significantly increases sperm motility but alsound acrosome exocytosiecause
increases the Ghinflux into spermatozoa measured by Triple Staéchhique (Slotte
et al. 1993). In another study the hyaluronate petiroduced greater percentages of
motile, viable, and morphologically normal spermjthwlower proportions of
premature acrosome reactions, higher sperm veJociyd greater linearity
(Zimmerman et al. 1994). In the experiment of Sglaraet al. (1997), semen was
incubated in media containing 0.25 mg/ml HA. HA noyed the retention of sperm
motility in cryopreserved/thawed human spermatozeen after the removal of HA
from the incubation medium. However cryopreservatiof spermatozoa in the
presence of HA did not improve the recovery of titgt{Sybracia et al. 1997). In
contrast HA supplementation appeared to presena-tpaw boar spermatozoa
viability and maintained membrane stability afteyapreservation (Pefia et al. 2004).
The presence of HA has been identified in the epium of the pig preovulatory
spermatozoa reservoir. Important aspects of spemmctibn such as motility and
capacitation appear to be mediated through HA (Hwetal. 2002).
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Hyaluronic acid was used successfully in combimatiath swim-up for separating
motile spermatozoa from frozen bovine semen. (Shddis et al. 1993, Shamsuddin
and Rodriguez-Martinez 1994). In the earlier staggrmatozoa were collected after 1
h of self-migration at 3 in a medium consisting of equal volumes of Tytede
albumin lactate pyruvate (TALP) and phosphate-batfe saline at a final
concentration of 1 mg/ml HA (HA medium). The seéetspermatozoa were used to
inseminate in vitro matured oocytes The benefieif¢ct of the HA medium was
more evident in the group of low-fertility bulls{@msuddin et al. 1993). In the latter
study a swim up procedure has been developed wdmematozoa from frozen-
thawed bull semen were allowed to swim up throughealium containing 1 mg/ml
HA to the upper Fert-TALP solution. Motility, theqportions of spermatozoa with
intact plasma membrane and acrosome increased &ffeswim-up method
(Shamsuddin and Rodriguez-Martinez 1994).

The addition of HA to cryopreservation extenderd diot effect the post thaw
membrane integrity, motility or acrosomal integray stallion spermatozoa (Ottier
and Curtis 2005, Mari et al. 2005). However the@sva significant increase in the
number of sperm bound to oocytes in the stalliotinyaw fertility in the presence of
HA (Ottier and Curtis 2005).

Recently a resercher group developed a novel maikd) immobilized HA coated
Petri dishes or glass slides for human spermatselegtion (Huszar et al. 2003, Jakab
et al. 2005, Huszar et al. 2006, Yagci et al. 20TBey demonstrated that HA shows a
high degree of selectivity for sperm with high DN#Aegrity. In the HA-bound sperm
the chromosomal disomy and diploidy is reducedo4é-fold compared with semen
sperm fractions.

2.8.5 Effect of acrosome on the success of ICSI

In the recent years more and more publications baea published studied the effect
of acrosome membranes and materials on the develtpof embryos following
ICSI. The acrosome vesicle of a sperm celldiisrent enzymes, which can damage
the oocyte when introducéd the ooplasm during ICSI (Tesarik and Mendoza9)99
Thisdoes not happen in IVF, because only the acrosemaaad sperroells are able
to fertilize. Some authors have observed twtytes injected with acrosome-intact
spermatozoa delay tlomset of male chromatin decondensation and maleupleus
formation (Katayama et al. 2002). Immediately befaprmal fertilization, both the
sperm plasma membrane covering the acrosome arabtients of the acrosome are
shed as a result of the acrosome reaction (Yanaimi@94). Thus, the acrosome and
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its contents never enter the oocyte under normatliions.. In view of potentially
harmful effects of acrosomal enzymes on embryo ldpweent, the removal of
acrosomes before ICSI is recommended for animdls large acrosomes. It is very
important to keep sperm nuclei undamaged duringafter the removal of the
acrosomes. Excess exposure of demembranated speoaatio harsh reagents or
prolonged maintenance of demembranated spermatozaa inappropriate medium
may damage sperm nuclei, thus resulting in theifjlrather than the improvement,
of ICSI (Morozumi and Yanagimachi 2005). The mosinenonly used reagents for
removing acrosomal membranes are lysolecithin, ofiritX-100 and calcium
ionophore. There are many publications associatfu warious species and type of
sperm with different results about using spermatownith presence or absence of
acrosome for ICSI (Goto et al. 1990, Gémez et@0.71 Kasai et al. 1999, Nakai et al.
2003, Katayama et al. 2005, Garcia-Rosell6 et 8D62 Malcuit et al. 2006,
Morozumi et al. 2006, Roldan 2006, Tian et al. 20Béita et al. 2009, Gianaroli et al.
2010, Nakai et al 2011a, 2011b). There are fewligatibns in equine species and
these are contradictory about effectivity of usaingmicals for acrosome reaction and
plasma disruption or activation of fertilized ooceyt (Matsukawa et al. 2002,
Matsukawa et al. 2007, Bedford et al. 2004). Oo@gevation rates after ICSI in
equine species have been largely inconsistent andrglly low among laboratories
(Choi et al. 2002 The development of effective and repeatable methadfCSI is
associated with to use Piezo drill to perform therm injection. Sperm are subjected
to pulses while within the pipette that may aidnembrane disruption and facilitate
release of sperm-borne oocyte activation factoossekbgenous activation treatment is
needed after sperm injection using frozen/thawesrnsptozoa (Choi et al. 2002).
Therefore a simple mechanical membrane disruptighirwthe pipette is currently
performed during sperm injection in equine spe¢lesrichs 2010). The effect of
existence of acrosome and their contents after [&tedure is still the subject of
extended studies in many in vitro laboratories.

2.9 Fertility of the stallion

2.9.1 Fertility parameters, subfertility

Measuring stallion fertility is not an exact scienand all of the indices used have
obvious shortcomings. Many factors such as manageofethe stallion (nutrition,
housing, semen collection, semen processing anag&pand his mares (optimal time
of insemination, reproductive status and conditiohshe mares) may have a large
impact on the success of insemination and ovegdility of the stallion. The fertility
of stallions is most accurately defined based oegmpancy of mated/inseminated
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mares. For objective assessment of fertility, havesufficient number of mares is
required. Reproductive performance of the staltannot be estimated if only a few
mares are mated/inseminated and the mares hawveert pregnant for many years
(Juhasz and Nagy 2003). The fertility of stalliocen be characterized by three
parameterdsfoaling rate, pregnancy rate per season and peftecgeegnancy rate

The per season and per cydtmling rates (the number of foals produced as a
percentage of the mares mated) are often considleeealtimate measures of stallion
fertility, they are influenced strongly by non-$tah factors such as the age and
reproductive status of mated/inseminated mares thadintensity and quality of
veterinary management (Sullivan et al. 1975, vaiteBuet al. 1998, Morris and Allen
2002, Colenbrander et al. 2003). For the preciseragnation of foaling percentage
data of the given stallion from several breedingssas are taken into account (in the
case of 25 mares per year inseminated approx.gars)y To respect the complicating
elements above this parameter is less suitableafmd examination and monitoring
changes of stallion fertility (Juhdsz and Nagy 20@&ing the first cycle foaling rate
instead of the all cycles or seasonal rates, ettiave some of the factors attributable
to mare subfertility, but the foaling rate remamsetrospective measure for which
data are only available in the year after theistalhas begun to mate (Colenbrander
et al. 2003). According to data from France thdifgarate is around 63% in stallions
with average fertility (Juhasz and Nagy 2003).

Per season pregnancy rate (end of season pregnaatg, seasonal pregnancy rate)

is calculated of the pregnant mares at the enddeo$¢ason divided the total number of
inseminated mares. The value is strongly influenbgdthe reproductive status,

veterinary and housing management of mated/ins¢etdnaares (Juhasz and Nagy
2003). Seasonal pregnancy rates should be above i@5&ell - managed herds.

Stallion which has this parameter below 70 % issabered subfertile, however the

notable exception is the Thoroughbred breed wheeeseasonal pregnancy rate is
around 50-55% (Card 2010).

A quicker and most practical way of assessingliigrtis to examine theer cycle
pregnancy rate(number of cycles resulted in pregnancy/total nemdbf cycles in
which insemination obtained). Detected pregnancyulbsasound or later by rectal
palpation, healthy foal born, early embryonic lassl abortion are also counted as a
positive pregnancy result in this system. If a miarenseminated in several cycles,
data of each cycle are recorded separately (JurddaNagy 2003). This parameter
has the advantages that the result is availakdesimorter interval and gives indication
of fertility during the breeding season; this canabuseful early warning system for a
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developing fertility problem. However, if the figgs are to give an accurate indication
of stallion fertility, data must be collected fromrelatively large number of normal
young mares. The day 14-18 pregnancy rate will @lsude later pregnancy losses
where it is possible, if unusual, for a stallionb® a major source of pregnancy loss
because of sperm chromosome or chromatin abnoresalfKenney et al. 1991,
Colenbrander et al. 2003). This parameter isitlggsenced by breeding management
of the mares and suitable for monitoring changestadfion fertility (Juhasz and Nagy
2003). Ideally to avoid a larger impact of subfertinares on a stallion’s apparent
fertility it is preferable to include only 1st cgcpbregnancy rates. Nevertheless because
the average stallion breeds relatively few mar@soflless) a per cycle pregnancy rate
is a reasonable compromise (Card 2010). fitve-return rate is another parameter
often used as an early index of fertility in farmiraal species in which pregnancy
examination can only be performed reliably aftee time of the next expected
oestrus, and in horses when mares are not routmedlyned for early pregnancy
diagnosis (eg. Shetland ponies, van Buiten et39)1 The non-return values suffer
from the obvious disadvantage that mares may noétoened for mating for reasons
other than becoming pregnant. Otherwise the namfreaite gives similar information
to the pregnancy ratéer cycle pregnancy rate (fertilization rat&r stallions is
lower (43-60%; Woods et al. 1987; Brick et al. 998rris and Allen 2002) than
for domestic livestock species e.g. rams (80—90%naies 1999) and boars (85-90%;
Colenbrander et al. 1993) because at the lattefgoductive performance is an
integral part of productivity, selection of malesr fgood fertility is much more
rigorous. This parameter is considerably more Wgidetween individual stallions
(35-90%; Morris and Allen 2002). And while expermed studies demonstrate that
fertilization rates can reach high levels in mamegted at the appropriate time with
semen from a stallion of proven fertility (>90%; |Bat al. 1989), the discrepancy
between experimental fertilization rates and preggaates in the field appears to be
explained primarily by deficiencies in stallion tiety and management, and only
partially by pregnancy loss (Jasko 1992, Colenkzared al. 2003). In the case of
insemination with fresh stallion semen the per eymlegnancy rate is in average 45-
55% (Card 2010) or 50% ((Juhasz and Nagy 2003) moraselected population of
mares. Using chilled or frozen semen the valueOs#8% is satisfactory (Juhasz and
Nagy 2003).

Comparing frozen stallion sperm parameters to sedgvegnancy rate is less reliable
than per cycle fertility, especially when field uéis are being utilized, since seasonal
fertility is affected by more variables. For instan multiple inseminations using
increased numbers of spermatozoa may have beessaegeo achieve acceptable
seasonal fertility for some “lower fertility” sthons (Kirk et al. 2005).
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In general, an end of season pregnancy rate of &¥a foaling rate of 70-80% are
considered satisfactory, and can be achieved withincycles per mare by a stallion
with a per cycle pregnancy rate as low as 35%,nasgunormal rates of pregnancy
loss (Colenbrander et al. 2003).

Reduced fertility (subfertility)of the stallion is stated if per cycle pregnanaterwas
significantly lower than 50% using fresh semenif@eminating mares. Significance
of the differences is influenced by the number yfles used for insemination. The
stallion which inseminated mares in 25 cycles iy oconsidered safely as subfertile if
the per cycle pregnancy rate was lower than 30%uRef < 40 % per cycle
pregnancy rate based on 100 cycles is significatiffgrent from the average 50%.
Ratio of subfertile stallions is approximately 5% among breeding stallions
depending on horse type; in coldblood horses tais is higher than warmbloods
(Juhasz and Nagy 2003). Most stallions loose comiaderiability if they have <30%
per cycle pregnancy rate. Stallions are generabiypsidered not suitable for
commercial use if their per cycle pregnancy ra)(Rlls below 30%. The reason for
this is that mares are re-bred many more timesnao&t mare owners are reluctantly
to breed their mare more than twice or 3 timesabse she will foal later in the
subsequent year. If a stallion was breeding at pevwcycle PR after 3 breedings he
would leave 35 out of a 100 mares non-pregnantcdnsideration of the long
gestation length of the mare, and the fact thatethe pressure to get the mares
pregnant early so they do not foal later and latary year, the time lapsed due to
lower per cycle pregnancy rate becomes a signifipesblem. Stallion which has 0-5
% PR and < 10% seasonal pregnancy rate, is copdiddertile (Card 2010).

For comparing fertility of individual stallions, groups of stallions it is need to take
into account the followings: When 60% versus 70% @gle pregnancy rates are
compared, the difference is not significant everemvibased on 100 mares for each
stallion. Important rule is that if the differenae 1st cycle pregnancy rate €0
percentage units, it will not be statistically sfgrant unless the two values each are
based on >190 mares. Comparing 45% versus 60%jfadgh 1st cycle average was
based on >95 mares is the difference significandredver, calculations based on
cumulative pregnancy rates over four cycles tendn@sk a possible difference
between two stallions if both stallions have a clatiwe pregnancy rate >60%
(Amann 2005).
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2.9.2 Relationship between sperm quality and feriily

Finding a laboratory test reliable enough to prethe potential fertility of a given
semen sample or a given sire for artificial inseation (Al) is still considered
utopistic, as indicated by the modest correlatieesn between results obtained in
vitro and field fertility. Male fertility is compbe, and depends upon a heterogeneous
population of spermatozoa interacting at variowgl of the female genital tract, the
cumulus cells, zona pellucida and the oocyte. Rigrreason, laboratory assessment of
semen must include the testing of most sperm atgghrelevant for fertilization and
embryo development, not only in individual spermzato but within a large sperm
population as well (Rodriguez-Martinez 2003).

The problem about semen evaluation is that senraplea with very high or very low
quality may be relatively predictable, but for medi quality, no single sperm
attribute exists that is highly and accurately elated with fertility in vivo (Amann

and Hammerstedt 1993, Colenbrander et al. 2003;hPa&asd Bergmann 2006). It is
crucial to understand that the main objective ahese evaluation is to identify
infertile and subfertile stallions or ejaculatesri{(@hn and Hammerstedt 1993).

Classical andrologic parameters in relation toilfgrtcan be categorised into three
groups: 1. Quantitative and qualitative parametgrssperm (concentration, total
sperm number, progressive motility after collectiand dilution with extender,

progressive motility after 24 and 48 hours storaget+4°C, live/dead ratio, and

proportion of morphological abnormal sperm) whiate &videnced related to the
future fertility; 2. Parameters decribing functiohaccessory sex glands (pH, volume
of the ejaculate) which are not proven connectedutare pregnancy results; 3.
Characteristics of sexual behavior and libido oé tstallion (time required for

preparing and for semen collection/mating, numbdgumps), in this cases it is not
proven and could not be excluded either the cdrogldo fertility (Juhdsz and Nagy

2003).

Evaluation of spermatozoatotility in both raw and extended forms is considered to
be a fundamental laboratory test for assessindetttiéizing capacity of spermatozoa
in an ejaculate. Evaluation of raw semen providesiraication of how well
spermatozoa perform in their natural fluid milieWatner 2008). Jasko (1992)
performed the most comprehensive study of the iogistip between conventional
semen quality parameters and fertility. Althougkeythfound a weak correlations
between the percentages of motile (r = 0.40), msgjvely motile (r = 0.46) and
morphologically normal (r = 0.36) sperm with fdtyi| they also reported that
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variation in these characteristics accounted fdy @©% of the total variation in
fertility (Jasko 1992).

Attempts to correlate the percentage of morpholdlyicnormal or abnormal
spermatozoa with fertility have given conflictingsults. Thus Jasko et al. (1990),
Hellander et al. (1991) reported that the ratepefrsiatozoa with normahorphology
correlates positively with fertility to various degs, while others (Voss et al. 1981,
Dowsett and Pattie 1982) did not find any relattopsbetween sperm morphology
and fertility. Many studies show that pathomorplgglas highly correlated with
fertility in stallion (Jasko et al. 1990, 1991; Rafiet and Colenbrander 1999). An
examination of sperm morphology alone can nevetifjushe statement that the
potential fertility of an ejaculate is high, but isasonable to state that potential
fertility is low when a high proportion of spermat@a have abnormalities (Dott 1975).
A wide range of morphological sperm abnormalitiesynibe acceptable for normal
stallions (Kavak et al. 2004). However, highly ilertstallions in regular use usually
have a low frequency of morphologically abnormarspatozoa (Rousset et al. 1987,
Einarsson et al. 2009). The sperm head has beenedpo be larger in semen taken
from subfertile stallions than in that from fertgeallions (Gravance et al. 1996, Casey
et al. 1997, Brito 2007): mentioned in details lve session of “Structure of equine
spermatozoa” above. Some incidences of morphokgnormality in human (Lewis-
Jones et al. 2003), equine (Brito et al. 2010) lamt (Révay et al. 2009, 2010) sperm
may be associated to inherited, congenital defect.

Significant correlations (r = 0.68) have been r&gubbetween the pregnancy rate and
viability of propidium iodide-stained frozen-thawed stallgpmerm assessed by flow
cytometry (Wilhelm et al. 1996). Neild et al. (20G0und no significant connection
between the hypoosmotic swelling test (HOST) antllifg but a tendency for the
HOST to correlate with the number or services pegmpancy. Colenbrander et al.
(2003) concluded in their study that it was possiiol identify a small population of
subfertile stallions using HOST that could not bedsntified by conventional semen
analysis.

Vidament et al. (1999) definemhinimal requirementsof sperm quality of stallions
used for artificial insemination (Al) or nationalrdeding based on systematic
examination of large number of stallions in Freridhtional Studs. These limits
separate the lower 10% from the upper 90% of theuladion (Table 3). Minimal
values are much higher in warmblood than in coldBlstallions. One stallion is
considered to have sufficient fertility and suitabk a breeding stallion if the value in
each parameter of his sperm is higher than thenmim value. Based on this system
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80% of subfertile stallions can be identified, hoewrthe results of the other 20% of
the stallions are above the limits. It is importamtnote that 26% of the stallions
showing proven fertility has at least one examipadameter in which the value is
lower than the minimum. Therefore, special care tnbgstaken in the case of high-
genetic value breeding stallions with lower spermliy. Semen evaluations repeated
after a few months, and some breeding or Al trdsuld be taken (Vidament et al.
1999, Juhasz and Nagy 2003). General principlesed to insemination of a mare
that time interval between Al and ovulation is shkidoe< 48 hours (fresh semen) er
6-12 hours (frozen/thawed semen) and the insemimatiose needs to contain
minimum 300-500 million motile sperm (Householdeak 1981).

Table 3. Minimal requirements of sperm qualiy in Warmblood and Coldblood
stallions (Source: Vidament et al. 1999, Juhasz ardagy 2003)

Parameter Warmblood | Coldblood
stallions stallions

Concentration (16/ml) >73 >28

Total sperm number (10 sperm/ajaculate >25 >1.9
Progressive motility (%) after dilution >55 >31
Progressive motility (%) after 24 hours at + 4°C >15 >3
Progressive motility (%) after 48 hours at + 4°C >5 >0
Rate of morphologic abnormalities (%) <36 <47

Stallion sperm which is used for chilled- or frozgmerm-Al should be met to stricter
criteria (Table 4). According to these requirements 75%hef warmblood stallions
which are sufficient for using their fresh semem Ad or for mating mares, are
suitable for chilled-semen Al. Per cycle pregnaratg of selected stallions is highly
correlated to progressive motility of sperm usadra24 hours storage at + 4°C. This
test is proposed to perform in the beginning ofgbason in those stallions of which
semen are planned to use as chilled-transportathsioe Al (Vidament et al. 1999,
Juhasz and Nagy 2003).

Table 4. Minimal quality requirements of fresh stalion sperm used for chilled-
or frozen-sperm-Al (Source: Vidament et al. 199, Juhasz and Nagy 2003)

Parameter Warmblood | Coldblood
stallions stallions
Concentration (10/ml) >120 > 120
Progressive motility (%) after dilution >70 > 60
Progressive motility (%) after 24 hours at + 4°C >40 >30
Progressive motility (%) after 48 hours at + 4°C >30 >20
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Althogh in traditional classifications of sperm mbologic defects the primary
abnormalities which are originated by testicularfarection are thougt to be more
important to fertility and the major defects arscalmostly the same as primary
defects, recently the function of epididymis ané secretums of accessory glands
have got more and more significance since thesansrgensure the complete
maturation of the sperm which is prerequisite ofrnmal fertilization. Many
biochemical characteristics of spermatozoa are fieadduring the epididymal transit
including the nucleus chromatin condensation, changn phospholipids and
cholesterol plasma membrane composition, and noadifins of plasma membrane
surface proteins composition. Disturbances of thesecesses may result in
noncompensable defects, because all the spermat@tsported through the male
genital tracts are affected. Many organs of theemaproductive tract are known to
secrete membranous particles called exosorBe®somesare involved in the
selective transfer of proteins to spermatozoa,iptag major role in the production of
fully functional male gamete. Prostasomes in meth prostasome-like vesicles in
stallions are responsible of the post-ejaculatoodifications occurring in the sperm
cells. It seems that these exosomes have theyabilgrotect spermatozoa in the lower
and upper female genital tract against bacter&agtnee oxygen species, phagocytosis,
or premature capacitation so that they reach thdiZation site in a state that will
ensure their function (Minelli et al. 1998). Manyroteins are associated to
epididymosomes, particles of epididymis: The rdiglathation peroxidase-5 (GPX5)
is a protection of sperm against premature acrosoeaetion is hypothesized.
Ubiquitin is another protein associated with epydicl vesicles. This protein secreted
by the epididymal epithelium is transferred to sp&iozoa and is thought to be
involved in the elimination of defective spermataz®25b, P26h and P34H sperm
surface proteins in different species are involwethe binding of spermatozoa to the
zona pellucida (Parent et al. 199®¥ldose reductase, sorbitol dehydrogenase, a
cytokine named macrophage migration inhibitory dac{MIF) modulate sperm
motility during the transit along the male reproile tract (Sullivan 2005).
Lipocalin-type prostaglandin D2 synthase and thgiaansin-I-converting enzyme in
semen were strongly correlated with fertility iretktallion, whereas the total protein
concentration in seminal plasma (SP) was not mladdertility (Barrier-Battut et al.
2005). Brandon et al. (1999) found 14 protein bandstallion semen, and 4 of these
proteins Horse Seminal Protein (HSP)-1 was posytividSP-2, HSP-3 and HSP-4
were negatively correlated with breeding scoreghef stallions. Kareskoski et al.
(2011) found that HSP-1 and HSP-2, are the mostadni proteins in all fractions of
the stallion ejaculate. These heparin-binding pnstevere hypothesized to modulate
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capacitation. Most of the proteins found in semipkasma, except for HSP-4, are
attached to the surface of spermatozoa at thedfregculation (Calvete et al. 1994).

Sperm from stallions classified as fertile on thasib of breeding history (n = 6,
pregnancy rates > 70%) had higher percentaggwagfesterone-induced acrosome
reactionsin comparison with stallions classified as suliiih = 4, no record of live
foals or pregnancy rates <10%). These data sugfugissome cases of stallion sperm
dysfunction may have a molecular etiology and thests of sperm functionsuch as
response to in vitro capacitation and agonisthiefacrosome reaction, may be useful
in evaluation and therapy of stallion subfertiliieyers et al. 1995). In the study of
Rathi et al. (2000), it was assessed whether tiseee correlation between stallion
fertility, defined on the basis of first cycle foad rate and first cycle “non-return
rate”, and the proportion of spermatozoa with erpgsogesterone receptom their
plasma membranes. A high correlation was obseneatdden the proportion of
spermatozoa with exposed progesterone receptorstation fertility (r > 0.70; P <
0.01). This result indicates that exposure of pstgy@ne receptors is a potential
parameter for predicting stallion fertility. Varnet al. (2000) identified four stallions
with previously unexplained infertility, whose sp&tozoa do not respond to A23187
to the same degree as fertile stallions. Exposiferiile stallion semen to the calcium
ionophore resulted in >80% of the spermatozoa bewparcrosome reacted, whereas
<20% of spermatozoa from the stallions with unex@d subfertility or infertility
underwent the acrosome reaction under the sametioorsd Acrosomal status was
evaluated by transmission electron microscopy. Bbset al. (2005) assessed
acrosome response rafdRR) (intact to reacted) following exposure to 3487,
between stallions with normal fertility and unexpkd subfertility. The results
indicate a difference in ARR of sperm between leréind subfertile stallions, even
though sperm motility and morphologic parametersewsmilar between groups.
Acrosomal dysfunction appears to be associated aithelevation in theatio of
cholesterol to phospholipith stallion sperm. In the study of Brinsko et @005a)
confirmed this hypothesis. Cholesterol-to-phosgiidliratios in the sperm of fertile
stallions ranged from a low of 0.6:1 to a high oR:1, whereas cholesterol-to-
phospholipid ratios in the sperm of subfertilelgiak ranged from 0.97:1 to 1.96:1.

Lipid peroxidationin the seminal plasma seemed to be a generakitoditor sperm

damage. In the non-breeding season positive ctimetabetween lipid and protein
oxidation levels in both sperm and seminal plasmd several defects in sperm
function were found, but only for subfertile animathus suggesting that lipid and
protein oxidation may aid in the identification sdibfertile stallions during the non-
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breeding season (Morte et al. 2008). Sperm chromatplies sperm DNA and
associated nucleoproteins. The relationship betvegpemm chromatin stabilityand
male fertility has been reported for several specikenney et al. (1995) reported
higher rates of sperm chromatin denaturation ew@tlaperm chromatin structure
assay (SCSA) in semen from subfertile than fedii@lions (32% vs 16%) and a
negative correlation between denaturation score smadonal pregnancy rate. In a
group of fertile stallions, Love and Kenney (199&)e able to demonstrate variations
in SCSA that correlated moderately with both seasand per cycle fertility rates
(Colenbrander et al. 2003). While there are mangmal causes for disruption of
sperm chromatin structure, clinically there apptabe two manifestations in the
stallion. The first is a result of a traumatic eessful incident to the testes, such as a
kick or any event that would result in fluid accuation around the testes. This has
the effect of insulating the testes, resulting imeat stress condition. In this case,
changes in spermatozoal motility and morphology lmaiseen, as well. Depending on
the severity of the heat stress, the morphologymaatlity will be affected first, while
the chromatin appears more resistant to mild foahéeat stress. As the adverse
effects resolve, the chromatin returns to normakré&fore, it appears that chromatin
disruption is reversible when the inciting causerasmoved. The second form of
chromatin disruption involves those stallions whagpear to have a high percentage
of chromatin that is inherently abnormal with unkmocause. Sperm chromatin may
deteriorate progressively as stallion’s age, or m@ymanifest as an inherent trait at
the onset of their breeding career (Varner etGDO2.

Fazeli et al. (1995) used themi-zona assayo demonstrate that the number of sperm
binding to a hemizona was significantly higher flertile than for subfertile stallions,
even though no significant differences in convemdiosemen parameters were
apparent between the two groups of stallions coetpar

It is useful to keep in mind that in a commercetifity trial, female factors, herd (or
management), and timing of Al or natural breediagena much greater effect on the
probability of pregnancy than the stallion per $gpically, such factors contribute
>5x more to the outcome than the male (Amann 20D%¢. caudal isthmus has been
proposed as a sperm reservoir in the mare. Therpadf transport andsurvival of
spermatozoa in the mares reproductive traate different between fertile and
subfertile stallions, between fertile and some riiiee mares, and between fresh and
frozen-thawed semen. Possible explanations foretdédterences include a selective
phagocytosis of damaged or dead spermatozoa, ieapaimyometrial activity in
subfertile mares, bio-physiologieal changes of s¢0z0a during cryopreservation,
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and the removal of seminal plasma during cryopxesgen of equine semen. The total
number of spermatozoa that reach the oviduct atudshafter insemination with fresh
extended semen is significantly greater from ferstallions compared to subfertile
stallions. More than 90% compared to 25% motilerrspwere recovered from the
oviducts of mares inseminated with semen from léeréind subfertile stallions,
respectively (Scott et al. 1995, Troedsson et 238). Seminal plasma is presumably
important in the transport of sperm, since it corgaoxytocin and prostaglandins.
Seminal plasma inhibits PMN-chemotaxis and -phatpsty and thereby may protect
sperm in the mare’s uterus (Katila 2001b). Spemandport is affected by both mare
and stallion factors. It is impaired in mares witysfunctional myometrial
contractility, mares inseminated with semen fronbfettile stallions, and mares
inseminated with cryopreserved semen (Troedssah £998).

Recent studies have shown that male fertility doatsonly depend on the absolute
number of viable, motile, morphologically normaksm that can be inseminated in a
female. Rather, a more important parameter apgedre the functional competence
of sperm cells — since this cannot be evaluatedguai single variable, researchers
have proposed that semen samples should be subjeateulti-parametric analysis
(Rodriguez-Martinez 2006). Laboratory tests whichild evaluate several attributes
of the sperm simultaneously are needed. Combiresglts of assays that measured
multiple sperm attributes improved the ability twakiate the fertilizing potential of
stallion spermatozoa (Wilhelm et al. 1996, Kirkakt 2005). The use of fluorescent
dyes and flow cytometry is an excellent tool to leste several sperm features
Iviability, acrosome status, mitochondrial stati®NA integrity and stages of
capacitation/ (Squires 2005). However, assessmefiolw cytometry or fluorescence
microscopy is generally not available to practiémin the field because of high cost of
the equipment (Merkies et al. 2000). For cliniciamshe field but also for researchers,
combinations of light microscopic methodse fully available. HOST combined with
eosin stain and trypan blue-Giemsa staining togetbeld be used for the prognosis
of the potential fertility of bovine semen samplesed for in vitro fertilization or
artificial insemination (Tartaglione and Ritta 200Domes (2003) found that a
combination of three parameters of stallion senpeagressive motility, total number
of spermatozoa with progressive motility per domm percentage of spermatozoa
with intact plasma membrane assessed by TB-Gien@saing)) provided a more
reliable prognosis of the single cycle pregnandg.rahis statement was based on the
comparison of per cycle fertility rate between #héest quality- and the 8 worst
quality semen samples ranked on the combinatidheofesults of these 3 parameters
from total of 80 semen samples used for singlenmsation.
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2.9.3 Reproductive disorders of stallions; diagnosj prognosis and possible
treatment

There are a number of conditions associated witlor peertility such as
mismanagement, anabolic steroid treatment, infest@nd non-infectious pathology
of reproductive organs, behavioral and endocrirsorders (McKinnon and Voss
1993, Roser 2001). The differential diagnosis ofedility problem in stallions
includes narrowing a list of differentials to deteme if a horse has psychological,
mechanical, or reproductive problems. Reprodugtnablems include: Poor intrinsic
fertility, Testicular degeneration, Partial ejadida, Spermiostasis, Sexually
transmitted diseases (STD), Hemospermia, Urosperfimauma, Torsion, Tumours,
and other infections (Ball 2008, Card 2010). Marfiythese problems if diagnosed
timeously and treated appropriately will result ansuccessful return to fertility.
However, some disorders such as progressive testdegeneration cannot be treated
(Murchie 2005).

Reduced fertility of the stallion may originatebehavioural abnormalities, testicular
abnormalities, scrotal and penis pathologies, yascessory gland disorders or
endocrine diseases. Approximately a quarter dedility problems in the stallion are
caused byehavioral disorders (e.g: poor libido, injury during breeding or asiste
pain with breeding, failure to ejaculate, lack eksal rest, loss of breeding vigour due
to health related problems like joint diseaseseaurrent airway obstruction /RAO/)
The possible solution is changing in stallion hamgll medication of background
diseases, e.g. for musculo-sceletal problems (Meirc2005). Dysfunction of
accessory glandss very rare in stallions. Of these seminal vdgisus observed in
some cases but quite uncommon; however, it is enathy disorder because of its
persistent nature and interference with fertiliipe disease usually does not manifest
in clinical signs. Spermatozoal quality may appeeraffected when examined
immediately post-ejaculation, but spermatozoal émity is usually reduced. Culture
and cytologic evaluation of expressed secretionsthef vesicular glands aid in
diagnosis of seminal vesiculitis (Varner et al. @0®enile pathologiesare relatively
common causes of fertility problems in stallion @lcnon and Voss 1993).
Abnormalities such as balanoposthitis and traum@a lsa disruptive during the
breeding season. Some diseases have a temporaut efhilst others such as
phimosis and paraphimosis can have a more serimi@manent negative impact
on fertility (Murchie 2005).

Regarding to semen evaluation as a possible didgnesy, testicular, scrotal
abnormalities and endocrine disruptions are morgontant in this point of view.

75



Testicular pathology can have a significant negative impact on a stabi fertility
causing disruption in steroid hormone productiopermatogenesis and libido.
Testicular abnormalities range in severity fromguessive testicular degeneration to
minor testicular trauma. Diagnosis of the differéesticular disorders is based on
palpation, ultrasonographic examination, semenuad@n and in some cases biopsy
and histology.Testicular degenerations a major cause of stallion subfertility and
infertility (Blanchard and Varner 1993, Blanchard a&. 2000). It is an acquired
condition initiated by a variety of inciting causearying only in degree of severity.
Testicular degeneration may have a multitude ofseauncluding thermal injury,
vascular pathologies, trauma, systemic or locakatbns, malnutrition, dietary
deficiencies, toxins, Xx-ray exposure, medicatiotesticular neoplasia, age-related
degeneration or idiopathic (Murchie 2005, Card 30Ithese various factors may
elicit the same temporary or permanent responseeitestis: degenerating germ cells
become more common, multinucleate giant germ cdeisn by coalescence of
spermatocytes or spermatids, the ratio of gerns dellSertoli cells is reduced, and
spermatozoa production is adversely affected (dwhnst al. 1997). Testicular
degeneration may unilateral or bilateral and catrdéesient or permanent. Diagnosis
of testicular degeneration is based on physical Wtrdsonographic examination of
the testicles, semen and hormone analysis (Mur@té5, Card 2010). The
spermatozoa in the ejaculate show the events ti@tr@d in the past 2 months that
influenced spermatogenesis, when the spermatozea b&ing formed, and their
subsequent transport and maturation through theree duct system (Amann 1993,
Card 2005). In testicular degeneration the typidahnges in semen include low
spermatozoa concentration and a high percentagemofphological defects,
specifically a high number of immature germ cdilsad defects and midpiece defects.
Serum concentrations of FSH and LH may be elevataitst estrogens, inhibin and
testosterone may be low (Murchie 2005). Histologycghe stallion would have
vacuolization of the seminiferous epithelium ansslof normal cellular arrangements
in the seminiferous tubules. Owing to a specialisat mechanism, the testis has an
amazing ability to completely recover spermatogerapability some time after the
insult (Johnson et al. 1997). Elevated testicuidangerature and endocrine disruption
are probably the most common causes of mild tdaticdegeneration resulting in the
production of abnormal sperm in the absence ofathgr clinical signs (Brito 2007).
Causes of increased testicular temperature indhigle ambient temperature, fever,
intensive exercise, scrotal edema or dermatitigjrdgele, tunic adhesions, and
hernias. Idiopathic testicular degeneration usuatfgcts older stallions and produces
detectable changes on testicular size and coneys{@urner 2002). The condition is
often progressive and may result in infertility (€&2010). Treatment of testicular
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degeneration is usually unrewarding. Inciting caug®t contribute to the condition
should be diagnosed and treated appropriately (M&r2005). In most cases changes
in management of these stallions are the only ladgenproving their fertility. The
stallion’s health and comfort should be optimizidés book may be biased with young
and foaling mares to increase his chance of su¢Gzsd 2010)Testicular traumaas

a result of a kick from a mare may cause orchgesjorchitis, hematoma, testicular
rupture, scrotal lacerations, infections, abcessagtc. Diagnosis is based on physical
and ultrasonographic examination of the scrotalteris and treatment should be
begun accordingly. Trauma and its consequencesifisagitly disrupt normal
thermoregulatory mechanisms and usually result omes degree of testicular
degenerationTesticular neoplasianclude: teratoma, Leydig-cell tumors, Sertolitcel
tumors, embryonal carcinoma, and teratocarcinortadlidhs with testicular neoplasia
usually present with a painless enlargement ofaffexted testis. Definitive diagnosis
can only be made on histological evaluation. Iftitesar neoplasia is strongly
suspected, removal of the affected scrotal testisiis cord is the treatment of choice
((Murchie 2005).

Scrotal pathology usually has a negative impact on spermatogenasstal the
adverse effects on thermoregulation. Scrotal abalties such as hydrocele, hernia
and torsion of the spermatic cord are relativeljnown causes of fertility problems in
stallions. Hydrocele may be caused by trauma, inflammation, varicocbirnia,
enlarged internal inguinal rings, high ambient temapure or may be idiopathic.
Diagnosis is based on palpation and ultrasonogcapkamination of the scrotal
contents. Slight hydrocele does not significantlife@ testicular function and
depending on the initiating cause may be treatatsawatively. Castration with
resection of the vaginal cavity has been suggestedtherapy in severe cas®srotal
hernias may be congenital or acquired and are usuallyczs®sa with large inguinal
rings (De Vries 1993, Murchie 2005). Surgical redrc of the entrapped intestinal
content is indicated in all cases. Less than 1&Peadstorsion of the spermatic cord
does not cause any clinical signs and does notaagpehave a significant effect on
fertility. Greater then 180 degree torsion causagscular occlusion which results in
serious testicular compromise, scrotal edema aunté atinical signs of colic. Surgical
correction is indicated in all cases (Murchie 2005)

Young stallions may also haveoor intrinsic fertility , which may be generally
identified during breeding soundness examinatidres€ stallions have no history of
illness or trauma. Poor intrinsic fertility is udlyaconstitutive and reflects an
individual stallion’s intrinsic genetic ability (€& 2005). Characteristics include:
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small soft testis, small total scrotal width < 7 ,cfaw testicular volume, poor
spermatozoa morphology and low motility. They mawédn a specific morphologic
defect that is present in a high percentage ofnsp@ard 2010). Intrinsic factors
which influence spermatogenesis result in a spegraid with only seasonal
fluctuations, and the features of the spermiogram ribt change or improve
substantially over time.

Similar to otherendocrineregulated tissues, the testis is subject to aatuhy of
controls. An alteration in the intracellular systeoring development or in adult life
may be responsible for some cases of idiopathitestility or infertility in the stallion
(Roser 2008). No difference was detected in irgsditular concentrations of
estradiol, estrogen conjugates and testosteronengnize fertile and idiopathic
subfertile and infertile groups of stallions, howeuevels of inhibin tended to be
lower in subfertile stallions and significantly lewin infertile stallions, suggesting
that intra-testicular INH may be a good markertfar detection of an early decline in
fertility (Roser 1995, Roser 2007). Plasma conediains of INH, estradiol and
estrogen conjugates, but not testosterone werdisanly lower, and gonadotropins
were significantly higher in the idiopathic inféetistallions. Between fertile and
idiopathic subfertile stallions no changes in plasievels of these hormones were
observed (Stewart and Roser 1998, Roser 2008).eBees in concentrations of
inhibin have been noted in stallions early in tbarse of testicular degenaration, prior
to detectable changes in steroid hormones (BalbR00here is some evidence to
suggest that measurement of IGF-1 in seminal plasmabe an indicator of fertility
(Macpherson et al. 2002).. Endocrine therapy infestite stallions has received
considerable attention over the years. Howeveriesudn the use of GnRH or GH
therapy have not shown reliable benefits and imgdogeminal parameters (Ball
2005).
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3. OBJECTIVES OF THE DISSERTATION

The objectives of the dissertationwere: (1) to improve, validate and adapt the
complex staining technique which evaluates sperad land tail membrane integrity,
acrosomal status and morphology for stallion sptvrwa, (2) to use this valuable
method to evaluate sperm quality during and after prominent sperm manipulation
procedures (cryopreservation and sperm separatimh)3) to apply the technique to
define detectable anomalies of semen from stalliomgh reduced fertility;
consequently draw an attention to the complexity\aide range of use of the staining
technique in laboratory experiments as well asuality control or determination of
possible fertility potential of the fresh or prosed equine sperm.

Objectives of the four studies:

1. After freezing and thawing, a high proportionspermatozoa with unstained heads
and stained tails are observed. As these cellc@msidered immotile (Nagy et al.
1999), unambiguous differentiation of intact andndged sperm tail membrane is
important for evaluating semen quality. Using th@ndard TB/Giemsa method for
staining stallion sperm, differentiation of intacr damaged sperm tails was
problematic, mainly in frozen/thawed samples. Time af the Experiment 1 was to
improve this complex method using another viabiktain, Chicago sky blue 6B
(CSB) which molecule is very similar to TB and optzing each steps of the staining
procedure to distinguish more accurately the dffiercell types, especially in stallion
sperm.

2. The ratio of intact, viable spermatozoa is thesimimportant parameter of the
quality of frozen semen. However, for the furthewvelopment of cryopreservation
technologies, determination of freezability of midual stallions and usability of
frozen semen, also important to define accuratedyidcalization of cell injury during
the cryopreservation process for which, each path® sperm need to be assessed.
The objective of theExperiment 2 was to analyse of the injuries of stallion
spermatozoa during the whole freezing procedureh vavaluation of viability
(membrane integrity of the subdomains of spermipsamal status, and morphology
of stallion spermatozoa using TB - Giemsa or thaliffred CSB - Giemsa complex
staining.

3. Standard sperm separation methods are not aleflgctive with low numbers of
total and viable sperm. The aim Bkperiment 3 was to compare mini-Percoll and
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swim up method alone and combination with PX and stfaplementation for frozen
equine sperm separation to determine the mostteietechnique in the special case
of poor quality semen when small volume and low bera of sperm is available.
Sperm recovery rate; membrane integrity of sperradhdail and acrosome and
morphology were evaluated after the treatments.tVgd to find the answer whether
PX or HA may improve the yield and has any effaectlte proportion of different cell
types of the separated spermatozoa.

4. The aim of the study iBxperiment 4 was to compare semen samples of stallions
with reduced fertility to samples of proven fertdllions based on evaluation of both
membrane integrity and morphology using the complgbility and acrosome
staining method. We investigated also whether sattexations would be detected
either in viability or morphology evaluation in theubfertile’ stallion samples related
to their decreased fertilization potency. In casgorts clinical assessments of semen
samples and their diagnostic relevance and alssilgessolutions to the problems and
recommendations are discussed.
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4. MATERIALS AND METHODS

- The studies oExperiment 1, 2, 4were performed between 2001-2008 in Hungary
in co-operation with some Equine Artificial Inserafion Stations in the country and
in the spermatologic laboratory of Research Insitof Animal Breeding and
Nutrition, HerceghalomExperiment 3 was investigated in 2004 at the Colorado State
University, Department of Biomedical Sciences, AaimReproduction and
Biotechnology Laboratory, Fort Collins, Co. USA.eBh, diluted, centrifuged,
chilled/stored, frozen or separated semen sampdes forty stallions (36 animals in
the main experiments, and altogether 40 in the raathpreliminary studies) of wide
range of different breeds were analysed duringuingle PhD work.

4.1 Semen samples, main procedures and experimentkdsign

Experiment 1. Improvement of assessment of stalliosperm quality by Chicago
sky blue and Giemsa viability and acrosome stainingnethod

The aim of the study reported here was to improweda€s-Foote staining method to
distinguish different cell types better, especiaflystallion sperm. We searched for
other supravital stains in the “acid disazo dyeduyr with the aim of finding a dye
with more affinity for the proteins of the tail ahembrane-permeable stallion
spermatozoaWe selected Chicago sky blue 6B (CSB) to comparé&yjean blue
(TB). The chemical structure of CSB and TB are Em(Fig. 3). The water soluble
biological stain CSB has been also sold as Niaghm 6B, pontamine sky blue, and
direct blue 1 (Lillie et al. 1977) and has beenelycapplied in biological science.

Trypan blue

cu,

NaO:S SO:Na

CiHyNO,,S,Na,: mol. wi. 960.817

Chicago sky blue 6B
HN  OH OCH: 4o  NH,
Na0:S “ N:N"N:NSQ.Na
Na0,S SO,Na

Cy.H3 N 0, ,S,Na,. mol wt. 992816

Figure 3. Chemical structures of trypan blue
and Chicago sky blue 6B (Lillie 1977)
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- In a preliminary study, | evaluated differentdtion (2, 3, 4, 6 min) and Giemsa
staining times (1-4 h, and overnight) following BBd CSB staining. Three different
concentrations of CSB (0.26%, 0.16%, 0.13%) alsceviested to choose the best
combination of the parameters of the staining’pste

- In the main experiment altogether thirty sememas: fresh, diluted, centrifuged
or frozen and thawed from 10 stallions were useddpeatability and methodology
comparisons. Smears were made from each of theaBtples to compare the
live/dead ratio for smears stained by 0.16% CSB @2d% TB for evaluating the
toxicity of CSB. Twenty samples from 15 stallionere used for densitometry.

Experiment 2. Analysis of the injuries of stallionspermatozoa during the whole
freezing procedure

- In the second experiment 10 fertile stallionsewewolved. All of the stallions were
used as a breeding stallion for artificial insertiora Three-four ejaculates were
frozen from 10 stallions (n=33), the collection elaperformed randomly throughout
between the years 2001-2004. Semen of Stallion 9 weed for more additional
freezing (altogether 17 collecting days betweent. 93 — Jan. 2004).

Table 5. Table 6. Stallions

Semen collection dates Stallion 1: 10-year-old Dutch Warmblood
07.09.2003 18.02.2003 Stallion 2: 19-year-old Holsteiner
19.09.2001 24.06.2003 Stallion 3:  8-year-old Swedish Warmblood
01.10.2001 25.06.2003 Stallion 4: 20-year-old Hungarian Sport horse
20.10.2001 02.09.2003 _
19.11.2001 05.09.2003 Stallion 5: 14-year-old Quarter horse
22 11.2001 13.09.2003 Stallion 6:  9-year-old Holsteiner
23.11.2001 14.09.2003 Stallion 7: 16-year-old Arabian
12.12.2002 16.09.2003 Stallion 8:  5-year-old Arabian
18.12.2002 26.10.2003 Stallion 9: 11-year-old Arabian
20.12.2002 08.11.2003 Stallion 10: 14-year-old Lipizzaner
15.01.2003 15.11.2003
07.02.2003 14.02.2004
10.02.2003 19.02.2004
12.02.2003 25.03.2004
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» Freezing procedure

Freezing process followed the advised protocol adawhent et al. (2000) using
modified INRA 82 extenders (Vidament et al 2000020Table 7). After collection,
the gel-free fraction of the ejaculate was dilutadcentrifugation extender (E1):
(INRA82 + centrifuged egg yolk, 2%, v/v) in viv 1 1:3 rates at 37 °C. After
cooling to room temperature diluted semen was ifegéd for 10 min at 600xg in a
50 ml conical centrifugation tube. After centriftiga sperm pellets were resuspended
in INRA 82 extender containing 2% egg yolk and Z5glycerol (E2) to obtain
100x1G spermatozoa/ml at room temperature (22 °C). Semzanequilibrated for 60
min from 22°C to 4°C with -0.3°C/min cooling rateen an additional 60 min at 4°C
before freezing. Semen was packaged in 0.5 ml stead freezing was performed by
keeping 0.5 ml straws at 4 cm above liquid nitrog@n10 min then plunging the
straws in liquid nitrogen. Thawing of 0.5 strawsswaone at 37 °C for 30 sec using a
waterbath.

Table 7. Composition of the basic extenderNRA 82) with 20 mMoles Hepes
(Vidament et al. 2000)

Components 1 liter
Modified HF20
Glucose, anhydrous 25¢g
Lactose, 1 KO 15¢g
Raffinose, 5 HO 15¢g
Citrate Na, 2 KO 0.25¢
Citrate K, 1 HO 0.41¢
Hepes 476 g
Water (apyrogenic) QSPO.5L
Skim milk UHT 05L
Gentamicin sulfate 50 mg
Penicillin G 50 000 Ul
pH 6.8
mOsm/kg 310

> Evaluation

Viability, acrosome status and morphology of thesk, centrifuged, and frozen-
thawed spermatozoa were evaluated by TB/GiemsaSiB/Giemsa staining using
light microscopy

Scanning and transmission electronmicroscopic intigations were carried out as
well from sperm of Stallion 9.
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Experiment 3. Use of pentoxifylline and hyaluronicacid for stallion sperm
separation

- In the third experiment poor to medium qualitgZen semen (cryopreserved in 0.5-
ml straws in 200 x 1¥ml sperm concentration, using EZ-Freezin-LE exénd
progressive motility after thawing 30%) from 3 stallions was used, 3 replicates each.
Two straws were thawed at 38 °C for 30 minutes amxed. From this sperm
suspension one hundrgbisemen was allocated to each of 7 separatiomtesds.

» Sperm separation

Mini-Percoll: Three aliquots (10@l ) were incubated at 38°C in an atmosphere of
5% CQ for 20 min in 0.25 ml Hepes-buffered chemicalbfided handling medium
(HCDM) (P-NT: non-treated; P-PX: 3.5 mM PX (P 178ima, St Louis, MO); or P-
HA: 1 mg/ml HA final concentration) before Percolt®ntrifugation and one aliquot
was centrifuged through Percoll® without incubati@-CON). Composition of
HCDM medium is described in the Tables of Appendix.

Our mini-Percoll discontinuous density gradientseverepared by carefully layering
0.4 ml of 90%, and 0.5 ml of 45% Percoll® solutiams 1.5-ml microcentrifuge tube
starting with the highest-density solution at tieétdam. Incubated or not-incubated (P-
CON) sperm was layered on top of the Percoll® gnatdi and centrifuged at 600 x g
for 5 min. Then a 3@ pellet was aspirated from the bottom and wasmed ml
HCDM at 300 x g for 5 min.

Swim up: At the same time 3 aliquots of 1Q0sperm were placed in 1 ml HCDM -

without or with supplementation - for swim-up (SU-\hon-treated; SU-PX: 3.5 mM

PX; or SU-HA: 1 mg/ml HA final concentration) at@Bin an atmosphere of 5% GO

for 30 min in a 5 ml round-bottomed tube. Afterubation 0.65 ml supernatant was
collected and centrifuged in 1 ml HCDM at 300 »og % min.

The experimental design of sperm separation tra@sng shown in Fig. 4.
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Frozen/thawed
semen

(200 x 16/mi)

2 straw. mixed

Incubation, 20 min | Swim up, 30 min
38°C, 5% CG

P-CON } P-HA }[ P-NT )
Mini= | in rEr)‘.lzs in noq.lzs
emel) | HCDM, | | Heowm |
600xg |
5min | 1 mg/ml -
i HA :
. i A 4
| Mini- }{ Mini-
| Percoll | | Perco
| 600 x g} ! 600 x
| 5min |} 5min
Vi \ 2

3C-ul pellet

0.65 ml supernatant

Washing
in1 m HCDM

Washing
in1 m HCDM
300 x g, 5 mil 300 x g, 5 mi

| I vy {2

30-ul pellet— analysis

\ 4

Figure 4. Experimental design of the sperm separaidn treatments
» Evaluation

In every treatment, the final 30-pellet after washing aspirated from the bottonswa
analysed. For evaluating sperm concentrationd Samples were taken from each
final sperm suspension after treatment then diluted95 pl distilled water.
Concentration was determined using a hemacytomieezovery ratevas calculated
as a percentage of original concentration (200ionilinl) of the frozen seme®perm
head, tail and acrosome membrane integrity and mofogy were evaluated with
CSB-Giemsa staining Equal drops (10 ul) of viability stain and undgédd sperm
pellet remained after treatments were mixed onda sind made two thin smears. The
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smears were air dried nearly vertically at room gerature, fixed, then stained in
Giemsa solution. The slides were cover slippedeaaduated at 1000 X magnification
with immersion objective counting 300 sperm per glanto determine the percentage
of different cell types.

Experiment 4. Viability, acrosome integrity and momphology evaluation of sperm
samples from subfertile stallions

- In the forth experiment, semen samples of 14léeand 10 subfertile stallions were
analysed. Stained smears were prepared from frieslilates of 10 fertile and 10
subfertile stallions and from chilled semen of Gife and 4 subfertile stallions after 1
day storage at 4°C. Non Fat Dry Skim Milk (NFDSMMGose Extender derived
from the formula provided by Kenney in 1975 wasduas a diluent for cooled storage
of semen. In the case of one subfertile stallia@allin ,G”) the regression of sperm
characteristics were analysed at four differeniesnduring 1 day chilled storage (O,
10, 18 and 24 hours after collection). The effelctv different extenders on the
sperm quality of Stallion ,H” was studied after @4d 48 hours chilled storage.

Ages and breeds of the stallions were differenbl@#®-9). All of the stallions were
used as a breeding stallion at different Breeditadi@s in Hungary. Stallions were
categorized as “fertile” or “subfertile” by veteanans of Breeding Stations based on
the rates of pregnant or non-pregnant mares insgednwith sperm of the given
stallion during the breeding season.

Table 8.  Fertile stallions

Stallion 1:  20-year-old Hungarian Sport horse
Stallion 2: 19-year-old Holsteiner

Stallion 3:  6-year-old Hanoverian

Stallion 4:  5-year-old Arabian

Stallion 5:  8-year-old Swedish Warmblood
Stallion 6: 10-year-old Dutch Warmblood
Stallion 7:  9-year-old Dutch Warmblood
Stallion 8: 10-year-old Hungarian Sport horse
Stallion 9: 16-year-old Hanoverian

Stallion 10: 14-year-old Quarter horse

Stallion 11: 11-year-old Trotter horse

Stallion 12: 10-year-old Dutch Warmblood / samé&tdlion 6
Stallion 13: 14-year-old Dutch Warmblood
Stallion 14: 6-year-old Hungarian Sport horse
Stallion 15: 9-year-old Trotter horse
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Table 9. Subfertile stallions

Stallion ,A”  11-year-old Nonius

Stallion ,B": 9-year-old Belgian coldblood
Stallion ,C":  22-year-old Shagya-Arabian
Stallion ,D”:  22-year-old Thoroughbred
Stallion ,E”:  9-year-old Shagya-Arabian
Stallion ,F”:  24-year-old Thoroughbred
Stallion ,G”: 10-year-old Trotter horse
Stallion ,H”":  5-year-old Arabian

Stallion ,I”:  13-year-old Trotter horse
Stallion ,J”: 16-year-old Trotter horse

Additionally in some stallions with lower fertilifyone or more parameters of the
sperm were altered compared to the acceptablessdluéng routine examinations.
For example reduced motility, irregular movemeoity sperm concentration in the
raw semen or low pregnancy results after usindezhiransported semen were
observed. Ejaculates of each stallion from mor&ecbhg days were evaluated.

» Quantitative and motility measurments of the semesamples

The gel free volume of the ejaculate and sperm exnation were determined after
semen collection using a Burker chamber, Maklerndbexr or spectrofotometric

method; motility analyses were performed by subjecevaluation or using Minittib

CASA system depending on the generally used teakniq the different breeding
stations.

> Evaluation

Membrane integrity and morphology of the sperm suahains were analysed by the
complex viability and acrosome staining method.

4.2 Sperm evaluation method

Viability staining, fixing and acrosome staining

Dilution of the semen samplesStallion spermatozoa are sensitive to pH, osntyplal
and temperature changes. Therefore, phosphaterbaiffealine (PBS) containing
0.06% KHPQ, anhydrate and 0.825% NaCl (pH: ~ 6.8) was useddaren dilution at
the same temperature as the sperm specimen wagioDrate depends on the status
of the semen samples, spermatozoa concentratiorextetider type. For example
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sperm concentration in the pellet after separafiorperiment 3) was fairly low (in
the range of 1-62 million/ml at the various treatinand stallions), therefore to count
enough sperm for the correct evaluation after uritilution with PBS was almost
impossible in many cases. However proteins of sahptasma and extender or
glycerol did not disturb the staining with theinding affinity to the viability dye, the
solutions were clean enough to use them withouitiaddl dilution for making smear.
Fresh sperm and cooled semen - diluted in 1:1 2rdte with NFDSM-Glucose or
egg-yolk-skim-milk-based (EY-SM) extender-, wasutbd 1:4 with PBS before
viability staining. Both the centrifuged and froztiawed semen processed at a final
concentration of 100-200 million cells/ml in freegi extender containing egg-yolk
and glycerol, diluted 1:9 with PBS just before nmakemear.

The viability test staincontained0.16% Chicago sky blue 6BSigma-Aldrich St.
Louis, MO, USA, C-8679). The working solution wasade from a 2.6% stock
solution in distilled water -which is isotonic-,luied 1:15 with PBS 00.27% trypan
blue working solution was prepared from 0.4% stock sotu(Sigma T-8154) diluted
2:1 with PBS. Both staining solutions are isotohiaye neutral pH, and are stable for
a year in eye-drop bottles at room temperaturéhérExperiment 1 the two viability
stains were compared. Semen samples inEtgeriment 2 and 4 were collected
partly during that period when the works on imprayand validation of the modified
complex staining method were being performed. Theeen some cases only smears
stained by TB were available and from the mostrapsmples, smears stained with
both viability dyes were made because these spesimeere also used for the
densitometry and methodology comparative studythbse cases | used the CSB-
stained samples for the two experiments mentiorialea In theExperiment 3
semen samples stained by CSB were analysed.

The fixative was composed of 86 ml 1 N HCI plus 14 ml of 378tnfaldehyde
solution and 0.2 g neutral red (Sigma N2880); itstable for a year at room
temperature and may be used repeatddig.acrosome stairwas 7.5% Giemsa stock
solution (Sigma GS-500) in distilled water prepaireghly before use.

Staining procedure

Equal drops (20 pul) of viability stain and dilutedmen were mixed gently on a slide
flatly with the corner of another slide without atmhing and touching the glass
surface. Liquid layer is formed between the twdesdi and the droplets get mixed up
with a slightly movement of the slides. The slide=re attached parallel to each other
and pulled to make two smears. The smears werdrianl nearly vertically at room

temperature. After drying, slides were fixed fomdn. Both sides of the slides were
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rinsed with tap water and distilled water, thenirgd in Giemsa solution in an
uncovered staining jar (not more than 14 slidegarewith 16 spaces) at 25-4QC for
2-4 hrs. Slides were rinsed with tap water, thdfetintiated in distilled water for 2
min, air dried in a nearly vertical position, anover slipped with Entellan (Merck
1.07960, Darmstadt, Germany). Slides were evaluattdd00 X magnification using
oil-immersion objective and a yellow filter for bet live/dead differentiation.

Viability evaluation

- Three hundred cells were counted on each slidecissified intdfive categories
(Fig. 5) inExperiment 1 andExperiment 3.

8 A a
?'

Intact

Figure 5. Different sperm categories classified fothe viability evaluation
in Experiment 1 and 3

- Eight sperm categoriesvere classifiecdbased on membrane integrity combined
morphology(Figures 6-7) for the light microscopy examinatiorExperiment 2 and
Experiment 4. Two-three hundred cells were evaluated in each sample.
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Sperm with intact
MENLIERES
JIntact”

IHITIA

Figure 6. Spermatozoa categories with intact membrees

Figure 7. Sperm types with damaged membrane of argart of the cell




- In the statistical analysis &xperiment 2 additional and combined categories were
also evaluated:

1. Damaged spermatozoa with CDJD]

2. Damaged) sperm with bent, curved, broken midpiedail [DBT]

3. All cells with intact membranes [IHITA + IPD + IDB IBT] Intact

4. Intact sperm with CD + Intact sperm with bent {#D + IDD + IBT] ICDBT

5. All (intact and damaged) spermatozoa with CD [FPIDD + DCD] IDCD

6. All (intact and damaged) sperm with bent, curdeken midpiece or tail [IBT +
DBT] IDBT

7. All (intact and damaged) spermatozoa with CD or[BDICD + IDBT] IDCDBT

Figure 8. Damaged spermatozoa with cytoplasmic drdet
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Figure 9. Damaged spermatozoa, with bent, curvedrbken midpiece or tall

Different sperm types are shown in Fig. 10:

Q’?;‘ Intact head with damaged :
; o hairpin-curved tail g

P .
s

Intact head; tail, 'ac}'osome,
distal cytoplasmic droplet

Damaged
acrosome | sperm

Intact head, tail, acrosome,
proximal cytoplasmic droplet

Intact head, tail, acrosome,
distal cytoplasmic droplet

Damaged
head,
acrosome
and tail

Figure 10. Microscopic picture of different sperm ypes (CSB/Giemsa staining)
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Morphological evaluation

- Three hundred cells were classified %1 simple morphological categoriem
Experiment 3:

1.normal

2. proximal cytoplasmic droplets PD)
3. distal cytoplasmic droplets DD)

4. midpiece and tail defect hidp-+tail)
5. abnormal head pead

- Cells were classified ih morphologic categories Experiment 4:

1. Normal morphology (hormal)

2. Head abnormalities(head (microcephal, macrocephal, tapered, pyriform,
nuclear vacuoles, acrosome defects)

3. Midpiece defect(midp) (swollen, bent, DMR, mitochondrial sheath defect,
corkscrew, bowed)

Tail abnormalities (tail) (broken, bent, hairpin-curved, distal coiled tail)
Coiled tail defect(coiled) (tightly coiled tail, dag-like defect)

Detached head detachedl

Proximal cytoplasmic droplet (PD)

Distal cytoplasmic droplet ©D)

Multiple forms (multiple) (e.g. double midpiece, head, tail)

© 0N O A

The standard counting and classifying system wad udere a sperm cell was placed
in one class of abnormality only (the most primang) and identified the percentage
of each of nine sperm categories. However increggegortion of sperm with
multiple defects is also noted during the evaluatidoth live and dead spermatozoa
were assessed for morphology during the count.eThoadred cells were evaluated in
each sample to determine the percentage of differelh types. Classification of
sperm abnormalities was based on previous puldmmstand guidelines (Barth and
Oko 1989, Kenney et al. 1990, Card 2005, Brito 200&rner 2008). Acrosome
defects (knobbed, vacuoles, detached) were not erated separately from head
defect here, however counted into distinct categongng live cells (IHITDA) during
viability evaluation. Distal midpiece reflex (DMRJefect was classified in midpiece
defect according to Card (2005) and Brito (2007)il&dl tail defect (tightly coiled
tail, dag-like defect) was enumerated in separatgdgory from other tail defects
because this can be caused by disturbance of sipgremesis. Different sperm types
are shown in the microscopic pictures in the Append
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4.3 Data analyses, statistical methods

Experiment 1. Repeatability and method agreement alyses

The Bland-Altman statistical method (Bland and Adtm1986, Nagy et al. 2003a,b)
was used to assess agreement between the CSB asthinB. To investigate the

repeatability and agreement of CSB/Giemsa and TdfSa staining, | used

altogether 30 semen samples from 10 stallions: faw ejaculates, 5 fresh-diluted
with NFDSM-Glucose extender, 5 fresh-diluted witly-EM extender, 16 semen

samples were centrifuged and diluted with an ed§ yoglycerol extender (7 after

dilution, 9 after frozen/thawed were evaluated).shear was made using each
viability stain and two measurements were obtaifeeceach method. Three hundred
cells were counted on each slide and classifieafime categories: intact head, intact
tail and acrosome membrane (Intact); intact hesj,damaged acrosome (IHITDA);

intact head, damaged tail (IHDT); damaged headcintail (DHIT); and damaged

head, damaged tail, damaged acrosome (DHDTDA) &ig.

The analysis was calculated with the “intact” ahd tategories of the IHDT and
DHDTDA merged, counting all damaged tails (DT). $&éwo groups of cells clearly
demonstrated the stained and unstained spermataamdawere appropriate for
comparing repeated measurements and the two diffeséaining procedures.
Statistical analyses of repeatability and agreemené accomplished using Microsoft
Excel 2000 software (Microsoft, Redmond, WA)o assess the repeatability of a
method, we calculated the differences between paiB repeated measurements and
the mean of these differenceB.(As a measure of repeatability, the British Stadd
Institution (BSI) repeatability coefficient (BritisStandards Institution 1975; Petrie
and Watson 1999) was calculated as twice the stdndeviation (2 SD) of the
differences. The differences between the repeatmsurements were plotted against
their average (Figs.15-16).

The mean of the differenced)(and the BSI repeatability coefficient (x 2 SD) are
presented on the diagrams. We expected 95% ofreliftes to be < 2 SD. Method
agreement analysis between the two staining prtsaeas carried out using the same
statistical method. The mean of the differencesvben the paired measurements on
the same samplegl)(was calculated to estimate the average bias ef rmathod
compared to the other. The SD of the differenca$ thabe corrected in this case
(Bland and Altman 1986).
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The corrected SD of differences (corrSD) w 4 4 ~ whereS and S,
were the standard deviation of differences betwepeated measurements for each

method separately, arfgh was the standard deviation of the differences bebwthe

[
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paired means for each method, which was approxiyn¢¥ =" . We used this
simplified formula for calculations. The 95% limib$ agreement were calculateddas
+ 2 corrSD (Bland and Altman 1986). The differencbstween the paired
measurements were plotted against their averaggs.(Ai7-18). The mean of the
differences @) and the limits of agreement (£ 2 SD) are preskotethe diagrams.

Experiment 1. Densitometry (image analyses)

Twenty semen samples: five raw semen, five dilvi@gh NFDSM extender, and 10
frozen using modified INRA82 extender (containirggeyolk and glycerol), from 15
different stallions were smeared and stained iralf@rwith TB and CSB. After
viability staining, the entire procedure was themsaaccording to the method
described above. A Leica DM RA2 Microscope with GD Ix immersion objective,
Leica Digital camera DC 500 and Leica IM50 1.20 gmagrocessing and archiving
software were used to archive the photos. Thengstiivere: 8 bit/channel color depth,
2600 x 2060 pixels image size, 16 shots, JPEG bpitfoemat. The digital images
were stored for further analys{Sorel Draw 8.0; Corel Photo-Paint 8 software (Corel
Corporation Ottawa, Ontario, Canada) was used dosiometry measurements. The
parameters of the images were 440.3 x 348.8 mmO(26B060 pixels), 24-bit RGB
color, 150 dpi, JPEG bitmap format. Three digitahges from each slide containing
intact and “dead” cells stained with CSB or TB wewved to compare the color
intensity of the stained vs. unstained tails analdse The Magic Wand Mask tool of
the Corel Photo-Paint 8 software was used to séhectail or head areas. The zoom
level was 200%. For analysis of the individdajital images, RGB histograms were
drawn for each different area of spermatozoa (Hifjsand 12).
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Figure 11. A spermatozoon with damaged head andtict tail membrane.
CSB/Giemsa staining. The unstained tail is outlinewvith dotted lines.
The histogram shows the RGB values of the selectacea. Bar = 2 um
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Figure 12. A Spermatozoon with intact head and daaged tail membrane.
CSB/Giemsa staining. The stained tail is indicatedith dotted lines.
The histogram shows the RGB values of the selectacea. Bar = 2 um
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The histogram plotted the brightness value of eyaxgl in the selected area of the
image. Values ranged from zero to 255 (from darke$irightest), and the histogram
indicated how many pixels were at each brightnessll Means of the composite
RGB values of the selected area on each of thetinotadamaged tails (midpiece and
principal piece, at least 4000 pixels per seleetezh measurement) and the stained
and unstained heads (without acrosome, at leasd pdels/measurement) were
registered from each picture. Differences betweeams of RGB values of live vs.
dead tails and separately live vs. dead heads déawh photo were used for comparing
the two stains. Altogether, 120 photos were meassanel 480 histograms of the total
RGB value were made from the different areas. Akgaluating the data for
normality, the paired two-tailed T-test (SPSS 1&t@tistical analysis program, SPSS
Inc. Chicago, IL) was used to compare the RGB dkfiees between the stained and
unstained tails or heads for CSB and TB staining.

In Experiment 2 paired T test statistical analysis was perforneecoimpare the mean
values of the percentages of different sperm caiegyn fresh, centrifuged and frozen
samples using ,R” software.

In Experiment 3 data (recovery rates and percentages of differelhttypes in the
selected sperm after the 7 treatments) were am@sisformed to achieve normality on
the data and evaluated by GLM analysis of variasicEAS (SAS Inst. Inc., Cary,
NC, USA). Differences among means were tested uBukgy's honestly significant
difference (h. s.d.) procedure. In all cases, ficance was set at p < 0.05 level. Data
are presented as Least squares means and standasdleS means + SE).

In Experiment 4 the evaluation of 10 subfertile stallion samplad #he discussion
with incorporation of previous data and observaidinom the stallions were
interpreted in case reports. Mean values calculfated the results of the viability and
morphology evaluations of stallions with good fisti(Fertile stallions), the average
values, minimum requirements and the acceptabléslimf the different sperm
morphologic categories in fertile stallions accoglito the literature and to the
guidelines of Hungarian standard for breeding istallsemen were considered as
bases of comparison.
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5. RESULTS

5.1 Experiment 1. Improvement of assessment of stah sperm
qguality by Chicago sky blue and Giemsa viability ad acrosome
staining method

Subjective evaluation

In a preliminary study, we evaluated different figa (2, 3, 4, 6 min) and Giemsa
staining times (1-4 h, and overnight) following BBd CSB staining. Three different
concentrations of CSB (0.26%, 0.16%, 0.13%) alscewiested. Among these, the
0.16% CSB solution proved best, resulting in simsdperm heads, but better tail
live/dead differentiation compared to 0.27% TB &i$j3-14).

Figure 13. Frozen stallion spermatozoa stained witB.16% CSB/Giemsa
a) Spermatozoon with intact head, tail and acrosomsembrane
b) Spermatozoon with damaged head, tail and acrome membrane
c) Spermatozoon with intact head and damaged tail embrane
Bar = 10 um
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Figure 14. Frozen stallion spermatozoa stained with.27% TB/Giemsa
a) Spermatozoon with intact head, tail anda@osome membrane
b) Spermatozoa with damaged head,ltand acrosome membrane
d) Spermatozoon with damaged head édintact tail membrane
e) Spermatozoon with damaged headdtail membrane with no acrosome
Bar = 10 um

Fixation for 4 min resulted in darker “dead” staigiwith acceptable background.
Giemsa exposure for 2-4 h was sufficient for acnosataining. The differences we
found between CSB and TB viability staining arevghan Table 10.

Acrosome staining was the same for both procedurtzs:t acrosomes were purple or
pink, loose and damaged acrosomes were lavendetharanterior part of the sperm
head with no acrosome was pale gray or pale graysh

Table 10. Differences in CSB and TB staining

Chicago sky blue Trypan blue
Live heads white, pale grayish blue pale blage grayish blue
Live tails light pink grayish pink
Dead heads dark grayish-blue stronger dark blue
Dead tails black, stronger dark blue dark blue
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Repeatability and method-agreement analyses

The average difference between the repeated cobyntscroscopy of the intact cells
on smears stained by TB was 0.28% (SD = 2.73%)B®lerepeatability coefficient
(2 SD) was 5.47% (Fig. 15). The average differeoeveen the repeated counts by
microscopy of the intact cells in smears stainedCBB was -0.77% (SD = 2.83%); 2
SD was 5.67% indicating good repeatability (Fig). ITehe mean of the differences
between the intact cells counted on the smeamsestdiy the two viability stains was
0.03% (SD = 2.18%); (P = 0.78).
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g 71 d+2SD=5.75
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1] . 29 . d
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= -g— . - 3 -
oy 6 -
@ 7 d-2SD=-5.19
c 8 d=0.28% 2SD =5.47%
o 9 4
L 0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
[a) 0 10 20 30 40 50 60 70 80 90 100

Average of repeated measurements (%)

Figure 15. Repeatability of TB/Giemsa staining forcounting intact cells on the smears.
The differences between the repeated measurementee glotted against their average.
The mean of the differences (d) and the British Stadards Institution repeatability
coefficient (2 SD) are presented (n =30)
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Fig. 16. Repeatability of CSB/Giemsa staining foraunting intact cells on smears. The
differences between the repeated measurements artfped against their average. The
mean of the differences (d) and the British Standals Institution repeatability coefficient
(2 SD) are presented (n = 30)
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The corrected SD : 35'; was 3.08% and the corrected repeatability coefiici(2
corrSD) was 6.18%. The 95% limits of agreement (8 ¢orrSD) were -6.13 and
6.19% (Fig. 17). This interval was small and cltse¢he d + 2 SD of the repeated
measurements of both methods (TB: -5.19, 5.75%;:C&B4, 4.90%).

The average difference between the repeated cdwyntaicroscopy of cells with a
damaged tail with TB/Giemsa staining was -0.19% (S[8.06%) and the BSI
repeatability coefficient (2 SD) was 6.11%. Therage difference between repeated
measurements of the cells with a damaged tail @BB/Giemsa staining was 0.64%
(SD = 2.96%). The BSI repeatability coefficient @Svas 5.91%. The mean of the
differences between the cells with a damaged ¢aihted on the smears stained by the
two viability stains was -0.09% (SD = 2.40%). Therected SD was 3.39% and the
corrected repeatability coefficient (2 corrSD) wha$9%. The limits of agreement (-
6.88 and 6.70%) were small enough for us to beident that the new method can be
used instead of the old one (Fig. 18).
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Figure 17. Agreement between the TB/Giemsa and CSBiemsa staining methods for

counting intact cells on smears. The differences tveeen the paired measurements are

plotted against their average. The mean of the défences (d) and the limits of
agreement (d = 2corrSD) are presented (n =30)
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Figure 18. Agreement between the TB/Giemsa and CSBiemsa staining methods for
counting cells with damaged tail on smears. The ddrences between the paired
measurements are plotted against their average. Thaean of the differences (d) and the
limits of agreement (d = 2corrSD) are presented (r30)

Densitometry (image analysis)

Measuring the composite RGB value was the mostcabgeand relevant method for
comparing differences between the color intensitydpced by the two stains (Figs.
11-12). The histograms showed the highest RGB galoeintact tails unstained by
CSB (171.2 + 6.9) and the lowest RGB values fordtaned tails by CSB (96.7 +
10.6; Fig. 19). TB staining resulted in a smalfefénce (~ 30 RGB) between the live
and dead tails on half of the smears (Fig. 20).
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Figure 19. Means of RGB values of stained (damagedipd unstained (intact)
spermatozoon tails in the individual samples
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Figure 20. Comparison of RGB value differences betaen
stained (damaged) and unstained (intact) spermatona tails
using the two viability stains
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The 20-30 RGB difference between live and deadnsgails after TB staining was
visible on the screen with higher magnificationt ibwvas more difficult to distinguish
the viability status by subjective evaluation bycroscopy. We found an average of
80% higher measured values for differences in tightness levels between the live
and dead tails after CSB than after TB stainingaime S.D: 74.5 + 12.7 vs. 40.9 *
12.3; P < 0.0001; n = 20; Figs. 19-20). The diffex between the two stains was also
clearly seen by conventional subjective visual eatbn (Figs. 13-14). The measured
values of the differences between live and deadidheatained by TB staining were
14% higher than those obtained by CSB staining (n1e8.D: 67.6 + 16.4 vs. 59.3 +
11; P = 0.028; n = 20). This difference was veryalifaverage of 8.3 RGB) and not
definitely visible by microscopy. There was no gesb distinguishing live and dead
heads in smears stained by either TB or CSB (Rigjs14, 21).
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Figure 21. Comparison of RGB value differences heeen
stained (damaged) and unstained (intact) spermatoro heads
using the two viability stains.
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5.2 Experiment 2. Analysis of the injuries of staibn spermatozoa
during the whole freezing procedure

Viability and cryodamages of various subdomaines

Proportion of eight main sperm categories basednembrane integrity combined
morphology of the fresh, centrifuged and frozen esems showed in Table 11. and Fig
22. Percentage of Intact spermatozoa wasn't chaaffed centrifugation (78+9 vs.

78+£8%), but was lower in the frozen/thawed sem@&t132%, p<0.01). Tendency was
the same in IHITIA category (58+16; 58+15; 26+9%esh, centrifuged and frozen
respectively, p<0.01).

Table 11. Proportion of different cell types after technol ogical steps of

cryopreservation

% Intact IHITIA IPD IDD IBT IHITDA IHDT DHIT [ DHDTDA

fresh 78.1+9 @ 58.5+172 | 6.5+4 2 |5.7+5 2|7.5+62(0.2+0.32| 3.9+32 |0.8+1 2| 17.0+8 2

centrifuged | 78.3x8 2 58.0+152 | 6.2+4 2 | 4.7+4 2 |9.4+8|0.1+0.2 2| 4.0+3 2 (0.6+1 3| 17.2+7 2

frozen 37.7+11° 25.6+9P |3.4+3°(2.1+2b(6.74623| 0.7+1° |19.1+7°[4.1+2 ©|38.5+10 P

10 stallions, n=33 freezing; a,b means within columns without common superscripts differ
(p<0.05)

100%
90%
80%
70% - B DHDTDA
60%. B DHIT
@ IHDT
50% m HITDA
40% oIBT
30% | 0 IDD
®IPD
20% EIHITIA
10%
0% -

fresh centrifuged frozen

Figure 22. Distribution of different sperm categores during the freezing procedure.
(10 stallions, 33 freezing). a, b means in the saroell category differ, p < 0.01
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Proportion of IHDT increased considerably afteefiag/thawing compared to fresh
and centrifuged semen (19+7% vs. 4£3; 4+3; p<0/Bigs 22-25/. Rate of DHIT and
DHDTDA are also significantly higher in the frozeamen (Table 11). Damages and
depletion of acrosome of viable cells are uncheratic after freezing/thawing,
because IHITDA was lower than 1% (0.7£1.1%).

50,0
46,5 45,2

450 '~ 440

39,8
40,0 39.1
35,2 343 35,8

M Intact

35,0

29,9 O IHDT

30,0

25,0

%

20,0 3 ! 6
15,0
10,0

50

0,0 1
1 2 3 4 5 6 7

stallions

Fig. 23. Proportion of the cells with intact membraes (Intact) and IHDT after
freezing/thawing in the semen of different stallioa (mean values of 3-4 replicates)
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o & 1

Figure 24. Microscopic picture of spermatozoa of “&llion 4”
after cryopreservation (CSB/Giemsa staining)

; ‘pj 1'1.1: .:~.r~1§:»:' s :
Figure 25. Microscopic picture of spermatozoa of “&&llion 3”
after cryopreservation (TB/Giemsa staining)
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Morphological changes, individual differences

Changes of proportion of sperm with midpiece andl defect during the freezing
process

We found individual susceptibility to centrifugatiand differences among stallions in
the proportion of sperm types (Fig. 26). After cdagation (600 x g/10 min)
proportion of viable sperm with tail abnormality{l) increased with 6-12% (9+2%)
in 8 cases, in the other 25 ejaculates it changedtb,5% (Fig. 27).

The eight cases related to 3 stallions (Stalliors®|lion 7, Stallion 9), which had
fresh semen also with high percentage of thistgp# (14+5%) unlike the other seven
males (Group I.) which had fresh ejaculates presea+2% of this sperm type. In the
centrifuged sperm of these 3 stallions (Group IB)l increased to 19+4% (p<0,01)
and it was also high in the frozen/thawed semea5%3. It didn’t change neither in
the centrifuged (4+3%) nor in the frozen semen J3mthe other 7 stallions (Figs 28-
29). Rate of all sperm with midpiece- and tail-d¢f@DBT) increased significantly in
centrifuged and frozen semen at Group Il, but reethisame proportion during the
procedure in Group I. (Fig. 30).

B DHDTDA
W DHIT

O IHDT

B |HITDA
OIBT

U IDD

W IPD

B HITIA

30%-

20%-

10%-

0%-1

s, Cepy, 7 g, Cep, 7 Fa, Cep. %
@S/) @/)[/_ /'026,7 @S/) @/}o_ /'O?GO @S/) @/)[/_ ro?@/)

stallion 1 stallion 4 stallion 9

Figure 26. Distribution of different cell types of 3 stallion semen during the freezing
procedure (mean values of 3-4 replicates)
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Changing of proportion of intact sperm with tail
abnormality (IBT) after centrifugation

14,0

12,0 +
10,0 +
8,0 +
6,0 +

4,0 +

%

2,0 +

0,0 -

13¥15 17 19 21

20+

40 +

6,0

-8,0 H centrlBT - freshIBT

ejaculates

Figure 27. Differences of proportion of IBT betweerin centrifuged and fresh
semen in each cases (n = 33)

il

HE 7 stallions (Group I)
B 3 stallions (group I

Figure 28. Proportion of IBT at different stages ofthe freezing process in the
two groups of stallions (mean values of replicate# Group I: n =21 and in
Group Il: n=12). a, b means in the same group ffer, p < 0.05
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Figure 29. Distribution of different sperm categores during the freezing procedure in
the two groups of stallions

25

A0

centr m 7 stallion (Group )
frozen |m 3 stallion (Group 1)

Figure 30. Proportion of IDBT at different stagesof the freezing process in the two
groups of stallion (mean values of replicates, in ®up I: n =21 and in Group Il: n =
12). a, b means in the same group differ, p < 0.05)
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In Group II. proportion of IBT within viable spertwaoa with intact membranes
(Intact) was 30.3 % in the frozen/thawed semen evinil Group I. this ration was
8.6%. IHITIA was nearly 80% of the intact spermGnoup I. while a little bit more
than half of the viable cells (53%) in Group IlidF31).

100%

90% -

80% -

70% -

OIBT
O IDD
®IPD
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60% -
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%
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30% -
20% ~
10% +
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Group | | Group |l Group | | Group Il Group | | Group Il

fresh centrifuged frozen

Figure 31. Proportion of different cell categorieswithin intact viable spermatozoa
during the freezing procedure in the two groups osétallions. (mean values of replicates,
in Group I: n=21 and in Group Il: n = 12)

IBT ratios in fresh and centrifuged semen of StallD on each of the 17 collecting
days are shown in Fig. 32. After centrifugationq60g/10min) a high percentage of
IBT spermatozoa was observed (28 + 13 %, n = 10}l evaluation by subjective
estimation resulted in high percentage of motilersp moving backwards. Frozen
semen also contained high rate of IBT sperm (14%, & = 15). Mean percentage of
all sperm with intact membranes (including IBT) was + 8% in the frozen semen.
Within the total ,live” Intact spermatozoa the raté IBT cells was 38%. The
proportion of different sperm categories with intacembranes in each of the 15
frozen semen samples of Stallion 9 are shown ir8Big
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Figure 32. Proportion of IBT in fresh and centrifuged semen of Stallion 9
on different collecting days
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samples (n = 15) of STALLION 9.

Figure 33. Proportion of different sperm categoriesvith intact membranes
in the frozen samples

112



Spermatozoa with midpiece and tail defect are shiowiig. 34. Neither aberrations
of axonemal filaments nor mitochondrial sheathugptions were detected by scanning
and transmission electronmicroscopy (Figs. 35-36).
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Figure 34. Microscopic picture of spermatozoa of “&&llion 9” after centrifugation
(CSB/Giemsa staining)

Figure 35. Tail defect (Scanning EM / 7000x magiitation)
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Figure 36. Tail defect (Transmission EM / 30000 magnification)

Cytoplasmic droplets

Both of proportion of IPD and IDD were around 6 ffiesh and centrifuged semen
and decreased in the frozen semen (3.4+3 and 24,42<0.01) /Table 11, Fig. 22/.

Individual differences were found among stallionsthe proportion of intact sperm

with cytoplasmic droplets (CD) /Fig 26, 37/. IPD svmore than 10 % in the fresh
semen of Stallion 4 and Stallion 6, while IDD waghter than 10% in the fresh semen
of Stallion 6 and Stallion 7. In the frozen semeasthbof these sperm categories
decreased but they were presented in fairly higipgntion related to IHITIA category

at Stallion 7 (Fig. 37). Microscopic images of spatozoa with CDs of Stallion 4 and
Stallion 6 are shown in Figs. 38-39.
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Figure 37. Distribution of different cell types of 3 stallion semen during the freezing
procedure (mean values of 3-4 replicates)
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Figure 38. Spermatozoa in fresh semen of Stalligh(TB/Giemsa staining)
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Figure 39. Spermatozoa in fresh semen of Stallion(€SB/Giemsa staining)

In the combined categories all the sperm with GIRED) slightly decreased during
the process (15+9; 1318; 1218 %). All sperm withdpiece- and tail defect (IDBT)
mildly increased after centrifugation (10+7; 12+1@+10 %). Proportion of IDCDBT
didn't change during the freezing procedure (25+P%+15; 24+15%, fresh,
centrifuged and frozen respectively) /Fig. 40/.

B IDBT
m IDCD
O IDCDBT

centr

frozen

Figure 40. Incidence of sperm with CD and bent taitlefect at different
stages of the freezing process (mean values of 18ll©ns)
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5.3 Experiment 3. Use of pentoxifylline and hyalurorr acid for
stallion sperm separation

Recovery

Better recovery rates were found in P-CON, P-PX, &ab-HA than P-NT, P-HA, SU-
NT and SU-PX (Fig. 41).

Viability evaluation

P-CON and P-PX resulted in more intact sperm coatp#y all swim-ups (Table 12,
Fig. 42). There were fewer DHDTDA sperm in Percoll@&n in Swim-up treatments
(Table 12, Fig. 42). IHITDA was higher in P-PX th&-NT (P<0.01) and P-CON
(P>0.05) (17+1.6 %, 7+£1.6% and 11+1.6 %, respelgii&igs. 43, 44, 45, Table 12).
There was a significant stallion x treatment effecthis sperm category. Samples of
Stallion 2 and Stallion 3 caused this elevatiolHiiTDA after P-PX treatment (Fig.
46). After separations fairly high percentage & $pperm had damaged head but intact
tail (DHIT) (Table 12, Fig 43, 44). This ratio whghest in P-CON (14+1.7 %), P-NT
(13+1.7 %) and SU-PX (13+1.7 %) treatments. Indhginal frozen/thawed semen it
was only 0.5 %. P-PX resulted in less DHIT cellmpared to P-CON (8 vs 14 %) but
it was not significant (P>0.05) (Fig. 43). IHDT wagnificantly lower after both
Percoll® and swim up treatments compered to thénbeyy frozen/thawed sperm (2-
6% vs. 17%, treated and thawed samples respeqtively

Morphologic evaluation

All Percoll® separations resulted in more ,normadihd less sperm with droplets
(proximal + distal droplets) and midp+tail defecmpared to all swim-ups (91-92%
vS.71-78%; 1% vs.4-7%; 6-7% vs.16-19% respectivel§).01) (Table 13, Fig. 47).
There were no significant differences among PeRce#tparations in any morphologic
categories. ,Normal’ was lower in SU-HA than in $J- (71 vs.78%, p<0.01).
.Midp+tail” was higher after swim-ups (Fig. 48) afwver after Percolls compered to
the beginning thawed sperm (Table 13, Fig. 47).0NCand P-PX resulted in the
most intact, normal sperm. HA increased the regovate during swim-up, but not
viability and proportion of normal cells in any thie treatments (Figs 41, 42, 47, 48).
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Table 12. Percentages of different sperm in different categ  ories and
the recovery rates; LS means + SE

Treatment

SPEM 5 cON P-PX P-HA  P-NT SU-NT SU-HA SU-PX
categories
Intact (%) 54+3.4% 57+3.4% 50£3.4*"°¢ 51+3.4* 40+3.4"%¢ 37+3.4°" 36x3.4¢

IHITDA

(%) 11+1.6%° 17+1.6% 11+1.6*"¢ 7+1.6°° 6+1.6°° 5+1.6° 6+1.6°°

DHIT (%) 14+1.7% 8+1.7*° 11+1.7° 13+1.7° 9+1.7*° 5+1.7° 13+1.7°

IHDT (%) 5+0.6° 3+0.6*° 6+0.6° = 6+0.6° 3+0.6*° 620.6° 2+0.6

DHDTDA

(%) 1642.5° 15+2.5° 2242 5° 2342 5P 42425% 474252 43+2.5°2

g/‘j)co"ery 13+1.4% 13+1.4% 5+1.4° | 5+1.4°  4+1.4° 12+41.4° 2+1.4°

a,b,c,d means within rows without common superscrig differ (p<0.001)
except DHIT (p=0.004). Samples are from 3 stalliaand 3 replicates.

a a
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10
o B Recovery
/08 b, rate
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2 | i
O I T T T T T T

P-CON P-PX P-HA P-NT SU-NT SU-HA SU-PX

Treatment
a,b in the same sperm category indicate significant differences between values (p<0.0001)

Figure 41. Recovery rate after different treatmets
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Figure 42. Distribution of sperm viability categories after different treatments
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Figure 43. Proportion of IHITDA and DHIT after diff erent treatments
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Figure 44. Viability and acrosome staining PercollControl (CSB/Giemsa staining)

a. Intact: intact head, tail and acrosome membrane
b. DHIT-1: damaged head, intact tail, loose acrosome
c. DHIT-2: damaged head, intact tail, lost acrosome

Figure 45. Viability and acrosome staining; PerctiPX (CSB/Giemsa staining)

a. Intact: intact head, tail and acrosome membrane
b. IHITDA: intact head, tail, damaged (lost) acrosome
c. DHIT: damaged head, intact tail, lost acrosome
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Figure 46. Proportion of IHITDA after different tre atments in the individual stallions
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Figure 47. Distribution of morphologic categories bsperm after different treatments
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Figure 48. Viability, acrosome and morphology evaiation. Swim-up-HA (CSB/Giemsa
staining)

a. Intact-1: intact head, tail and acrosome membrareemal morphology
b. Intact-2: intact head, tail and acrosome membraoded or bent tail
c. Intact-3: intact head, tail and acrosome membraligtal droplet

d. IHDT: intact head, damaged midpiece and tekmal morphology

e. DHDTDA-1: damaged head, tail, acrosorbent tail

f. DHDTDA-2: damaged head, tail, acrosom@crocephal head defect
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5.4 Experiment 4. Viability, acrosome integrity and morphology
evaluation of sperm samples from subfertile stallios (Case reports and
their interpretation)

Fertile stallions (Control group)

Quantitative and motility parameters of semen diléestallions are shown in the
Table 14.

Table 14. Volume, concentration and motilitpparameters of the fresh semen
of the individual fertile stallions

Stallion gel free volume| concentration motility (%)
(ml) (x 10° sperm /ml)
Stallion 1 15-21 120-345 75-80
Stallion 2 25-58 50 70-80
Stallion 4 15 384 70
Stallion 5 25-110 83-110 70-80
Stallion 6/Stallion 12 10-40 85-155 70-75
Stallion 7 30-40 95-125 60-75
Stallion 9 30-100 65-100 60-90
Stallion 10 40 153 75-80
Stallion 11 45 235 70
Stallion 13 20-150 72-135 60-80
Stallion 14 20-40 68-140 80

Morphology assessment of fresh sperm of fertilellstas

Table 15. Percentages of sperm in different mghologic categories /fresh semen/

Stallion| normal | head | midp | tail |coiled| detached| PD | DD [multiple
1 73.5 1.7 3.1 2.9 1.0 1.8 141 | 2.1| 0.0
2 76.5 0.8 1.9 2.5 1.8 0.5 45 11.70.0
3 71.7 0.9 3.6 7.3 2.7 0.4 50 | 84/ 03
4 78.5 15 6.9 2.9 1.4 0.4 39 4800
5 81.3 5.2 3.2 2.8 1.3 0.7 3.7 | 1.8 0.0
6 73.4 4.0 2.5 4.3 1.9 15 95 2900
7 76.6 36 | 33 | 51 1.2 0.9 53| 3.1 0.9
8 89.2 0.0 1.6 4.9 0.9 1.3 1.2 1200
9 80.1 15 | 53 | 31 1.0 0.4 6.3 | 24/ 0.0
10 83.4 0.7 7.0 1.9 0.5 1.8 25 230.2

MEAN | 78.4 20 | 3.8 | 3.7 14 1.0 56 | 41 0.1
SD 5.3 1.7 1.9 16 | 0.6 0.6 37| 34 03
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Figure 49. Distribution of morphologic categoriesn the semen of individual fertile
stallions

Proportions of nine morphological sperm categooédresh semen of the fertile
stallions are shown in Table 15. and Fig 49. Déwiféerent stallions are mean values
of 2-3 ejaculates. Mean values and standard demmt{SD) of the 10 stallions’ data
are presented in Table 15 and Fig. 50. Data shioatroportion of morphologically
normal sperm was higher than 70% and percentagdrmdrmal cells was less than
30% in each stallion. This result meets the HurgaBtandard for breeding stallion
semen (7034/1999) which alows a maximum of 30%rspe&ith any morphologic
aberrations, if less than half of these abnormbd teve primary defect. The avarege
value of normal sperm in the 10 fertile stallio@8% * 5.3%) was higher than mean
percentages in the different publications showmable 2. The Proportion of various
abnormal sperm categories was lower or correspaadte value of the same
category according to the different studies in €ahl Average rates of the different
sperm categories in fertile stallions describedJblgasz and Nagy (2003): normal >
60%, head defect < 3-5%, neck abnormalities < %] .Bidpiece defect < 4.5-6%,
tail defects < 10-15%, proximal cytoplasmic droplet 2.5-4%, distal cytoplasmic
droplets < 2-5%. In the case of the studied stali@xcept two categories, the
proportion of morphologic abnormalities were lovegrnot significantly higher than
these values. In the semen of Stallion 2 and StaBi the ratio of distal cytoplasmic
droplet was elevated (11.7 and 8.4%. respectively) these values are acceptable if
the semen collection is frequent. Stallion 1 showégh proportion of proximal
cytoplasmic droplet (14.1%), however percentagenofphologic normal cells was
over than 70% and ratio of viable sperm with normedrphology (IHITIA) was
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67.2% (Table 16), which is considered as high vadne this compensates the
presence of abnormal spermatozoa what is confilnyeelxcellent pregnancy results
of the mares inseminated by “Stallion 1” semen.

Distribution of the nine morphologic categoriessperm in fertile stallions is shown
in Fig. 50. Proportion of normal spermatozoa isrlye80% and rate of abnormal cells
is around 20% which implies good fertility of thesmmen.

B 1. normal

B 2. head defect

H 3. midpiece defect
B 4. abnormal tail

B 5. coiled tail

B 6. detached head
B 7. proximal droplet
@ 8. distal droplet

[09. multiple forms

Figure 50. Distribution of morphologic sperm céegories of fertile stallions
(mean values of 10 stallions)

Membrane integrity assessment of spermatozoa diléestallions

Table 16. Percentages of sperm in different Wity categories in fresh semen

Stallion | IHITIA | IPD | IDD | IBT |IHITDA |HDT DHIT | DHDTDA
1 67.2 | 12.9| 1.7 2.8 0.0 2.6 0.2 12.7
2 71.1 3.3 9.8 4.5 0.0 3.3 1.3 6.7
3 61.8 38| 6.0 | 11.5 0.0 6.5 1.3 9.3
4 71.8 3.8 4.7 5.8 0.1 2.8 0.4 10.6
5 73.6 41| 0.9 3.3 0.1 3.7 0.8 13.4
6 62.1 73] 21 3.8 0.0 5.3 0.5 19.0
7 62.2 34| 20 7.2 0.3 4.2 13 19.6
8 79.8 29 1.0 2.3 0.5 2.7 2.2 8.7
9 52.5 3.2 15 2.9 0.3 5.8 2.8 31.0
10 72.1 22| 15 1.3 0.0 2.9 0.4 19.7
MEAN 67.4 47| 3.1 4.5 0.1 4.0 1.1 15.1
SD 7.9 3.2 29 3.C 0.2 1.4 0.8 7.3
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Figure 51. Distribution of viability categories inthe semen of individual fertile stallions

Proportions of eight sperm categories based on mambintegrity combined
morphology of the fresh semen of fertile stalli@me shown in Table 16. and Fig 51.
Data are mean values of 3 ejaculates of eachastalHITIA was higher than 60% in
almost all stallion semen except at “Stallion 9"igthhad semen containing 52.5% of
this cell type. This rate is feasible for fertiliwan if sufficient total sperm number is
present in the insemination dose. Proportion of I®02.9% in “Stallion 1” and rate
of IDD is mildly increased in “Stallion 2" semen .890). Presence of these
spermatozoa can be compensated with the highahtl8ITIA cells at both stallions.
However in “Stallion 3" percentage of IBT spermhmgher (11.5%) compared to
mean value of this sperm category of the 10 stadlidn morphologic evaluation -
summarized midpiece and tail defects- the rate 48a58% of “live” and “dead” sperm
altogether and this ratio is below the allowabheiti

H [HITIA

N |IPD

= ipD

N BT

H [HITDA
® IHDT

@ DHIT

@ DHDTDA

Figure 52. Distribution of viability sperm categories
of fertile stallions (mean values of 1€iallions)
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Mean values and standard deviations (SD) of thatallions’ data are presented in
Table 16 and Fig. 52. Proportion of IHITIA is nlgai70% and percentage of
DHDTDA sperm is only 15.1 + 7.3 %. Rate of eachrspg/pes which has damaged
any part of the cell or has some morphologic defetdwer than 5%. The least cells
are in IHITDA category (0.1 + 0.2 %).

Viability evaluation of sperm of fertile stallionafter 24 hours chilled storage

Table 17.Percentages of sperm in different viabilt categories in chilled-stored semen

Stallion | IHITIA |IPD (DD | IBT |IHITDA | IHDT |DHIT | DHDTDA
11 50.7 8.7 | 0.3 6.7 13 11.7 0.3 20.3
12 61.0 53| 1.3 1.0 1.0 3.0 3.3 24.0
13 46.3 3.7 | 0.0 4.0 0.7 4.0 0.0 41.3
14 48.0 73| 6.7/ 10.C 3.0 5.7 0.7 18.7
15 51.7 5.7 | 4.3 1.7 4.7 6.3 0.7 25.0

MEAN 51.5 6.1 | 25 4.7 2.1 6.1 1.0 25.9
SD 5.7 19 | 29 3.7 1.7 3.4 1.3 9.0

B [HITIA
HIPD

= IDD

N IBT

M [HITDA
E IHDT

E DHIT

© DHDTDA

Figure 53. Distribution of viability sperm categories after
chilled-storage (mean values of 5 stallions)

Results of evaluation of 5 fertile stallion sperfiea24 hours chilled storage based on
viability combined morphology assesment are showhable 17 and Fig. 53. Results
show that the proportion of IHITIA is lower (51.55t7 %) than in the fresh semen of
fertile stallions, however this rate is sufficierter 24 hours chilled-storage.
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Subfertile stallions

Since the medical and breeding history of eachi@talvas not always complete and
some important data (e.g. total number of sperrpuonber of motile sperm in the
insemination dose, the number of cycles of eacltenmseminated, detailed data from
the mares inseminated) were often missing, theuatiah of the given stallion
samples and the discussion with incorporation efjpus data and observations from
the stallions will be interpreted in case reports.

Stallion ,A” was an eleven-year-old Nonius breeding stalliorhat been housed
under poor nutrition circumstances before it waablsd in the present artificial

Insemination Station. The stallion was in poor dbad. Gel-free sperm volume was
50-100 ml, sperm concentration was low: 40-50 omilliml and motility was 35-40%

in the ejaculates. Per cycle pregnancy rate was ibOfte middle of the season and
later increased to 30%. Viability and morphologyaleration of the semen was
performed at the end of July.

B 1. normal

B 2. head defect

B 3. midpiece defect

B 4. abnormal tail

B 5. coiled tail

H 6. detached head
7. proximal droplet
8. distal droplet

9. multiple forms

Figure 54. Percentages of sperm in difent morphologic categories
(fresh, diluted semen of Stallion ,A")

In Stallion ,A” semen rate of head defect was axiedy high (41%). Mainly
microcephalic and tapered head were detected, oftém proximal cytoplasmic
droplets, or with tightly coiled tail together. Agome defects (often knobbed
acrosomes) were also found frequently. Most of dhermatozoa with head defect
were “dead”. Two percent of the sperm showed heddctl in fertile stallions in our
study. In the literature there are many differeatadin the range of 3-14% for
proportion of abnormal head (Tablg.2Dowsett and Knott (1996) analysed the most
different stallions and ejaculates (168 stalliomsf 9 breeds / 531 samples) and they
found in average 5.4 + 2 % head abnormality insiierm Percentage of head defects
is <3-5% in stallions showing good fertility (Juhasaadagy 2003). The proportion
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of morphologically normal spermatozoa was 24.7%ictvhis much lower than this
value in fertile stallions (78%). Percentage of@iomal sperm was more than 75% and
within this around 60 % of primary defects. Theates are unsatisfactory and far
above the strict guidelines of the Hungarian Steshdar breeding stallion semen
(7034/1999). Microcephalic sperm are probably thresequence of insults to primary
and secondary spermatocytes that then have an mndweéribution of nuclear
chromatin content after abnormal cell division (8r2007).Transport of sperm with
tapered and pyriform heads is impaired and thesensmre selectively “filtered”
throughout the female genital tract (Saacke efi@28) however some of them can
reach the fretilization site. These cells have ceduability to bind the zona pellucida
but after binding can penetrate the zona and itetithe oocytes (Kawarsky et al.
1995, Thundathil et al. 1999). Microcephalic speomaon is considered unable to
bind and penetrate ZP. Because of selective fomaand reduced ability of zona
binding these head abnormalities are consideredpensable defects. The knobbed
acrosome can be caused by environmental factors i@geased testicular
temperature, stress, toxins) occurred more fredqpéntonjunction with other sperm
abnormalities suggesting impaired spermatogeniasisi could have a heritable basis
in bulls which produce great percentages of aftectperm without significant
changes in other sperm defects. Genetic origin rfasbeen reported in stallions
(Hurtgen and Johnson 1982, Barth and Oko 1989, €@é%, Chenoweth 2005). In
this case it appeared together with other headctietbus it most likely caused by
impaired spermatogenesis. Occurrence of proximabptgsmic droplets is also
considered primary defect in Stallion “A” becaus@dcompanies with high rate of
head defects in the ejaculates.

Viability evaluation of Stallion ,A” semen

Table 18. Percentages of sperm in differentability categories (Stallion ,,A”)

Status | IHITIA | IPD | IDD | IBT IHITDA |IHDT |DHIT |DHDTDA
Fresh, | 95 | 30 | 1.0 | 65 1.0 | 80 | 0.0 71.0
diluted
24 hours - 00| 00| 20 0.0 5.0 1.0 85.0
storage

The viability results of fresh and 24 hours chitigdred semen at 4°C of Stallion “A”
are shown in Table 18. In the fresh ejaculate tiveas only 9.5% intact, viable,
morphologically normal sperm which decreased toaftér 1 day storage. Proportion
of DHDTDA sperm was very high (71%) already in fresh semen. Probably the low
rate of “live” sperm and the high proportion of pary defects caused the reduced
fertility of Stallion “A”. Primary defects are regsenting a failure of spermatogenesis
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caused by pathological processes in the semingeepithelium. High proportion of
“dead cells” is also implying to the disturbancetedticular function. High incidence
of primary defects and damaged spermatozoa mightlated to the poor conditition
of Stallion ,A” caused by unsatisfactory nutriti@nd probably some toxin-uptake
from the forage. Most of the head defects are coisgdde abnormalities however the
total sperm number was also reduced and togethiér tive low viable cell rate,
increasing insemination dose unlikely would havieesb the problem. Appearance of
high incidence of premature germ cells was notattaristic in the ejaculates thus the
reason for subfertility seemed to be rather anrmmitéent stressor than testicular
degeneration. After the collection of samples fpersn evaluation the condition of
Stallion “A” was slowly improving and paralelly gyeancy results were also getting
better. Sixty six percent of the mares (10 margsodl5 mares) inseminated with
semen of Stallion “A” became pregnant at the entheforeeding season (in October)
which was still lower than generally observed irtike stallions (Colenbrander et al.
2003, Juhasz and Nagy 2003, Card 2010).

Stallion “B” was a nine-year-old Belgian coldblood breedinglistal It had been
housed under poor nutrition circumstances beforevas stabled in the present
artificial Insemination Station. Stallion “B” was ipoor condition. Left testis was
swollen, right testis had smaller than normal si2e. this testicle later biopsy was
taken but the histology result did not show patpmal changes. Gel-free sperm
volume was 50-100 ml, sperm concentration was Whllion/ml and motility was
30-40% in the ejaculates. Only some mares becasgnant after Stallion “B” (there
iS no precise pregnancy rate available). Viabiéityd morphology evaluation of the
semen was performed at the end of July.

In Stallion “B” semen, rates of head defects amukipnal cytoplasmic droplets were
increased (table 19, Fig. 55). Similar to Stallté¢i, the proportion of sperm showed
head abnormality was 41% (mainly microcephalicetad or degenerate head). In
many cells head defect and proximal droplet occluire parallel. Incidence of
premature germ cells was slightly increased. Péagenof abnormal sperm was 72%
and within this almost 60 % of primary defects §pnoal cytoplasmic droplets are
also considered primary defect in the case ofiStatB” because these appeared with
increased rate of head defects in the ejaculates).

Table 19. Percentages of sperm in different morphogic categories
(fresh, diluted semen of Stallion “B")

Status | normal| head| midp | tail | coiled| detached| PD DD | multiple

Fresh,

h 28.0 41.0| 4.7 4.0 5.7 3.7 10.0| 3.0 0.0
diluted
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Figure 55. Distribution of morphologic sperm categries of Stallion “B”

Results of membrane integrity evaluation are showiable 20 and Fig. 56. In the
fresh ejaculate there was only 14% intact, viabd®rphologically normal sperm.

After 1 day storage there wasn’'t seen any IHITIAereap and percentage of each
category in “membrane-intact spermatozoa with offié morphologic defects”

decreased to 1%.

Table 20. Viability evaluation of Stallion “B’ spermatozoa. Percentages of different

categories
Status IHITIA | IPD | IDD | IBT | IHITDA |IHDT | DHIT | DHDTDA
Fresh, diluted | 140 | 6.0 |00 |5.0 | 0.0 40 |50 |66.0
24 hours 00 |10 10| 1.0/ 00 00| 00| 970
storage

B HITIA
H IPD

= DD

W BT

H |HITDA
B [HDT

= DHIT

= DHDTDA

fresh semen chilled-stored seme!

Figure 56. Distribution of viability sperm categories in the fresh semen
and after 24 hours chilled-storage of Stallion “B”sperm
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High proportion of primary morphologic defects wasbably related to the observed
testicular changes and the poor body conditiontafli8n “B”. Sixty six percent of
“dead cells” also indicated the disturbance of i¢cetr function. The cause of
testicular disfunction in one hand might have bé&ewumatic, in the other hand
degenerative, but interestingly the result of Wy evaluation was negative,
consequently the stallion would have a chancehempbssible recovery over time.

Stallion “C”, a 22-year-old Shagya-Arabiéneeding stallion had been suffering from
RAO (Recurrent airway obstruction) disease for gedihe sickness progressed and
sperm quality was getting worse during the examipedod. Therefore, only five
mares were assigned to him in the studfarm, theearbne pregnant at the end of the
season. Mares which were inseminated with transgaémen did not get pregnant.
Ejaculate’s volume was 50-60 ml and contained mgehfraction. Gel-free sperm
volume was 20-25 ml with low sperm concentratio®-® million/ml). Viability and
morphology evaluation of the semen was performeblime and also 2 months later in
August.

Table 21.  Percentages of sperm in diffatemorphologic categories

Sample| normal | head | midp | tail |coiled|detached| PD DD | multiple
June 325 | 16.0 95| 1.0 | 25 4.0 31.0| 35 0.0
August| 30.0 19.3( 11.3] 23 5.5 4.0 243 33 0.0

B 1. normal

B 2. head defect

¥ 3. midpiece defect

M 4. abnormal tail

B 5. coiled tail

¥ 6. detached head
7. proximal droplet
8. distal droplet

9. multiple forms

June August

Figure 57. Distribution of morphologic categories bStallion “C” spermatozoa
in June and in August

In Stallion “C” ejaculates proportion of head dete¢mainly microcephalic and
tapered head), proximal cytoplasmic droplet andpmice defect were increased
(Table 21). Several cells showed more than one ratadity. A high percentage of
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sperm with swollen, roughed midpiece or pseudo@toghd “corkscrew” defect was
detected These rare defects might involve abnotieslof the mitochondrial sheet or
accumulation of microtubular masses (Brito 2007 asre considered major
morphologic problem with head defect and proximalpiet together. Major defects
are mostly associated with a presumed disturbahspesmatogenesis. There was not
found considerable changes in the percentagedfaraiit morphologic categories in
the latter sample (in August) compared to the sewwlected in June (Fig.57).
Proportion of midpiece defect alone was 9.5% ineJand 11.3% in August but in
several cells the abnormality was also associatdtead defect. The rate of this cell
category is only 3.8 £ 1.9% in fertile stallions @ur study and in most of the
publications remains below 6% (Table 2). Percentd#ggbnormal sperm was around
70% and most of the defects were primary and algomabnormality.

Table 22. Percentages of sperm in different vialiy categories
(fresh semen of Stallion “C”)

Sample | IHITIA | IPD | IDD IBT |[HITDA | IHDT | DHIT DHDTDA
June 126 | 14.7 1.8 4.9 0.0 12.3 5.8 48.0
August 10.0 10.7 3.3 3.3 0.0 2.0 0.7 70.0

B HITIA
H IPD

= DD

| BT

B |HITDA
B |HDT

B DHIT

& DHDTDA

June August

Figure 58. Distribution of viability categories ofStallion “C”
spermatozoa in June and in August

The viability results heightened the morphologiolgem, since the rate of intact,
viable, morphological normal sperm (IHITIA) wasrgilow at both collection time
(12.6% in June and 10.0% in August). Not only thialtvalue of proximal droplets
irrespectively of live/dead status of spermatozaas velevated (31% in June and
24.3% in August), but the proportion of sperm wpfoximal droplets within “live”
cells (IPD) was also high (14.7% in June and 10.iR%August), this cell type
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composed more than one-third of membrane-intactnsiezoa. Percentage of
DHDTDA sperm increased considerable in semen dekea August compared to

ejaculate taken in June (Fig. 58). Taking into actahat Stallion “C” is an aged

horse which has a progressive disease and spellity quaaameters has not improved
over time the prognosis of fertility problem is ba@hanges in housing and
environmental conditions, treatment of basic disessd using semen of the stallion
only in the Stud, inseminating few mares with itynmmasult in some pregnancies but
regarding to the high proportion of primary sperefedts, chromatine analysis of
spermatozoa is recommended preventing genetic aiatites of the fetus.

Stallion “D” a 22-year-old Thoroughbred was used for nagealice. The stallion

was used as a sire on a commercial stud farm. Twaseno any foal born and any
mare became pregnant after Stallion “D” in the yedren the examination was
performed. Gel-free volumes of ejaculates were edndetween 25-85 ml.

Consistency was very thin, similar to watered miéntained 35-57 million/ml

spermatozoa, motility and progressive motility v@&s80% and 33-42%, respectively.
The motility results did not explained the infetyilof the stallion so thus it came to
perform the complex sperm staining method. Samplese collected in early

September, 2 days apart and mean values were aizidul

Table 23. Percentages of sperm in different morpiogic categories
(fresh semen of stallion “D”

Sample | normal| head| midp | tail | coiled| detached| PD DD | multiple
fresh 31.4 9.5 1.9 0.9 1.2 6.9 470| 11 0.2

H 1. normal
B 2. head defect
¥ 3. midpiece defect
M 4. abnormal tail
% S B 5, coiled tail

6. detached head

proximal droplet

7.
8. distal droplet
9.

multiple forms

Figure 59. Distribution of morphologic sperm catgories of Stallion “D”
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Result of morphologic evaluation is shown in TabBeand Fig. 59. It is clearly seen
that proportion of spermatozoa with proximal cyagphic droplet was extremely high
(47%) and the rate of these sperm within “live”l€€IPD) was also elevated (41.5%)
composed about four-fifths of membrane-intact speozoa (Table 24, Fig. 60).
Swollen, roughed midpiece also occurred togethén pioximal cytoplasmic droplet
in some spermatozoa. Proportion of head abnoreslitimainly elongated,
microcephalic and tapered head) was also highB¥{Pthan it was observed in sperm
of fertile stallions (2%) in our study.

Proximal droplets may be either primary defect lesof a disturbance of
spermatogenesis) or secondary defect (result edrbence of epididymal function).
Its occurrence together with increased proportibhead abnormality is considered
primary defect. In the case of epididymal disfumietthe number of sperm with distal
droplets is also increased. In the ejaculates alli&@ “D” the proportion of sperm
with retained distal droplet was only 1%, consedyezlevated number of PD is due
to testicular disfunction. Zona pellucida bindingP@8) and also capacitation of PD
spermatozoa are disturbed according to the litezatBena et al. 2006). Moreover,
other genetic defects in morphologically normal repewhich was capable of
fertilizing oocytes probably contributed to the iamed embryonic development
observed in vitro after the use of semen from bpitsducing a large percentage of
sperm with proximal droplets (Amann et @000, Thundathil et al. 2001). High
percentage of retained CDs in semen could neggtiméilience fertility directly by
the function disorder (motility, capacitation bindi affinity alteration) of affected
spermatozoa or indirectly by releasing active ereyamd reactive oxygen species
into seminal plasma and may be into the ovum. Atiogrto the theories - that sperm
with CDs are patrtly filtered out during the spemansport in the female genital tract
but one portion of these cells reach the oocytedvewsupposed to fail to bind zona
pellucida; otherwise enzymes of the droplets (uitilgul5-LOX) effect on the non-
defected normal spermatozoa - CDs are considerbd tonon-compensable or semi-
compensable defect. High proportion of sperm wiils Rvithin intact spermatozoa in
Stallion “D” has a negative effect on the fertilafthe semen.

Table 24. Viability evaluation of Stallion “D” spermatozoa. Percentages of
different categories (%)

Sample IHITIA IPD IDD IBT IHITDA IHDT DHIT |DHDTDA

fresh | 12.0 | 415 | 05 1.0 1.5 90 | 11.0 | 235

24frs | 197 | 400 0.5 3.7 0.0 13.7 3.6 26.0
storage

*Fresh and 24 hours chilled stored samples wera emen collection on 2 different days
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Figure 60. Distribution of viability categories ofStallion “D” spermatozoa
in fresh ejaculate

The viability results showed increased rate of sp@ith damaged head and intact tail
membrane (DHIT: 11%). These spermatozoa could biblgi as motile sperm in
routine examination, however due to membrane Issmmthe head and acrosome are
not able to fertilize the ovum. Proportion of IHA was very low (12%). The low
percentage of intact, viable, morphologically norrsperm and the absolute and
relative (within membrane-intact sperm) high prapor of spermatozoa with
proximal droplets could cause the infertility oafibn “D”.

Stallion “E” was a 9-year-old Shagya-Arabian breeding stalirbich had low libido
earlier in natural service and also in the aréifitnsemination station when semen was
collected from him. There had not been any foahkaord any mare become pregnant
after Stallion “E” in the previous two years. Rowgi examination of the semen
showed very low motility. Viability and morphologgvaluation of the semen was
intended to be carried out in May before the fidetision of withdrawal the stallion
from breeding.

Table 25. Percentages of sperm in different morgogic categories
(fresh semen of stallion “E”)

Sample | normal| head| midp | tail | coiled| detached| PD DD | multiple
fresh 40.5 6.7 | 11.3| 13 2.5 1.3 22.7 2 0
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Figure 61. Distribution of morphologic sperm categries of Stallion “E”

Proportion of spermatozoa with normal morphologys Wf.5% shown in Table 25.
and Fig. 61. Rate of midpiece defects (mainly DM dent midpiece) and tail
defects (broken, bent, hairpin curved, and coideld)twas slightly elevated compared
to the avarege values (see the references in PabRercentage of spermatozoa with
retained proximal cytoplasmic droplet was considierancreased (22.7%) without
presentation of high rate of distal droplets. Thase of DMR, bending and coiling of
the tail can be a response to abnormal secretiaimanepidydimal tubules during
sperm passage or of accessory glands during efmeulsSwanson and Boyd 1962,
Barth and Oko 1989, Barth 1994). Similar defectsctvhinvolve fractures or double
bends probably originate in the last steps of spwgenesis and are usually found
together with the epididymal forms (Barth 1994)oml (1977) suggested that DMR
and tail defects were minor defects. Due to thelte®of morphologic evaluation it
may be hypothesized both testicular and epididyona@in of reduced fertility and
together with poor libido, endocrine disfunctioralso presumable.

Table 26. Percentages of sperm in different Midity categories
(fresh semen of Stallion “E”)

Sample | IHITIA | IPD | IDD IBT |(HITDA | IHDT | DHIT DHDTDA
fresh 15 4.5 0.5 5.0 15 28.0 0.0 59.0

Proportion of membrane-intact sperm and within,thigble, morphologically normal
sperm (IHITIA) were very low (11.5% and 1.5%, resipeely) in the fresh semen.
Rate of spermatozoa with intact head but damagéddntambrane was 28%,
DHDTDA sperm were presented in 59% in the ejaculasdich were in

correspondence with the low motility results. Negermia (high proportion of dead
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sperm) may be due to genetics, anabolic steromang, thermal injury, local
infections, trauma etc. (Card 2010). Genetic exation, hormone analysis, testicular
tissue histology and analytical examination of coomd of seminal plasma are
recommended to perform to clarify the cause ofrtilfiy. However due to the more
years history of fertility problem the prognosishist promising According to the very
low viable sperm number, using the sperm for cotiveal Al, result of any
pregnancy is almost impossible. After reassurirgulis of chromosome analysis a
very few spermatozoa may be separated using adetpiairatory methods (Percoll,
single layer centrifugation, glass wool centrifugatetc) then these sperm might be
applied for intracytoplasmic sperm injection (ICSI)

Stallion “F” was a 24-year-old Thoroughbred stallion which had & low pregnancy
rate for several breeding seasons. In the yeaxarhmation no pregnancies had been
obtained from semen doses until July when the Mglaind morphology evaluation of
the semen was performed. There was problem aldo apllecting semen from the
stallion (time required for preparing and for senuetiection was delayed, several
jumping without ejaculation, and often no ejacuatat all). Gel-free sperm volume
was 50-90 ml, consistency was white, milk-like anitar to watered milk. Sperm
concentration was moderate or good and 60-70% enspiérm was observed.

Table 27. Percentages of sperm in different morgiogic categories
(fresh semen of stallion “F”)

Sample | normal| head| midp | tail | coiled| detached| PD DD | multiple
fresh 525 | 216| 94 | 38 | 38 1.3 6.6 1.3 0.0

%

H 1. normal

B 2. head defect

3. midpiece defect

B 4, abnormal tail

B 5. coiled tail

¥ 6. detached head
7. proximal droplet
8. distal droplet

9. multiple forms

Figure 62. Distribution of morphologic sperm ategories of Stallion “F”
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Proportion of spermatozoa with normal morphologys wa.5%, which is lower than

the average values according to the referencesabieT2, but in special cases and
when the morphologic abnormalities can be compedsatith increased sperm

number in the insemination dose, is acceptabl@ummstudy the mean value of this
category is much higher (78.4 + 5.3%) in the ferstallions. Number of sperm with

head defect (21.6%) and midpiece defect (9.4%) wagased, several times these
abnormalities occurred together in one sperm. Ttmgs proportions of the two

categories are remarkable elevated in the ejaculdst of the spermatozoa with

head defect were “dead”. The head abnormalitieg Wiferent, microcephal, tapered,
elongated, pyriform and assimetric heads were tdikr Polymorphism of head

shape and size were also observed. These findimdjsated the disturbance of
spermatogenesis and testicular origin of the problRates of sperm in the other
abnormal morphologic categories were not highen timafertile stallions observed

and correspond to the average values accordirgeteeterences.

19

%
N [HITIA

| |PD
IDD
W |BT
B |HITDA
IHDT
9 DHIT
DHDTDA

—0,7

56,7 0,7

6

Figure 63. Distribution of viability categories of Stallion “F” spermatozoa
in fresh ejaculate

Results of viability evaluation also reveal the swf declined fertility of Stallion
“F”. Proportion of all membrane-intact sperm (IHN# IPD + IDD + IBT) was only
27%. The rate of intact, viable, morphologicallyrmal sperm was 19%, which is
much lower than the proportion of sperm in the saategory in fertiles stallions
(67.4 £ 7.9%). The low rate of intact, viable spatozoa and the elevated proportion
of primary defects can explaine the subfertilitySséllion “F”. Declined fertility has a
poor prognosis according to the old age of Stalfiéh a long history of subfertility
and libido problem in anamnesis. Viable, intactypmologically normal spermatozoa
can be separated using adequate laboratory me#itmissemen collection. Selected
sperm can be used for inseminating effectively somages (Morrell et al. 2009b,c;
Morrell and Rodriguez-Martinez 2010; Morrell et 2D11). In this case this method
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seems to be the last chance for resulting pregndhajid not come to perform any
separation method because at the end of the séasatallion had been withdrawn
from breeding/.

Stallion “G” was a 10-year-old Trotter stallion. The gel-fredumees and sperm
concentrations of the ejaculates were very low (tlomth average was in March: 53
ml, 70x10/ml and in April when the examination was performéd ml, 91x1&/ml).
The low number of spermatozoa per ejaculates hadeli the booking of mares
outside of the Stud and pregnancy results of usangsported semen of Stallion “G”
had not been satisfactory therefore they decidedsieminate only the broodmares in
the Studfarm. The stallion came from Germany inlibéginning of the year and it had
been the same problem with him in the previousdnegeseason hence they had not
wanted to bother with him any longer. The gel-fvedume of the semen was 60 ml,
sperm concentration was 60Xk@l and motility was 65-70% on the day of viability
and morphology evaluation.

Table 28. Morphologic evaluation of Stallion "G" spermatozoa (%)

Status | normal| head| midp | tail | coiled| detached| PD DD | multiple
fresh 50.0 10 | 132 36 | 29 2.1 14.7| 115 1.0

%

M 1. normal

B 2. head defect

¥ 3. midpiece defect

B 4. abnormal tail

M 5. coiled tail

M 6. detached head
7. proximal droplet
8. distal droplet

9. multiple forms

Figure 64. Distribution of morphologic sperm catgories of Stallion “G”

Proportion of spermatozoa with normal morphology W%, which is lower than the
average values according to the references in TAabRate of midpiece defect was
high (13.2%), mainly broken, bent and roughed n&dpiwas observed or fracture at
the neck area. The percentage of this cell categomnly 3.8 £ 1.9% in fertile

stallions in our study and in most of the publica remains below 6% (Table 2).
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Since both of the proportion of spermatozoa witbxpnal and distal cytoplasmic
droplet was increased (14.7 és 11.5%), secondagymnoof the sperm anomalies
(epididymal disfunction and more frequent sperntection) is presumable.

Table 29. Percentages of sperm in differentability categories of Stallion “G”

Sample|IHITIA IPD IDD IBT IHITDA IHDT DHIT |DHDTDA

fresh 36.3 10.0 8.0 10.0 0.3 12.7 0.9 21.8

10hrs | 475 7.3 9.3 9.3 0.5 5.8 0.0 30.5
storage
18hrs | 505 | 105 | 85 90 | 08 63 | 00 | 375
storage
240rs | o6 4 75 9.5 9.5 1.0 8.3 0.0 38.0
storage
100% |
90% |
80% 7 " DHDTDA
70% - = DHIT
60% - B [HDT
50% - B [HITDA
B BT
40% |
M IDD
30%
B PD
20% | B HITIA
10% -
0% -

fresh 10 hours 18 hours 24 hours

Figure 65. Distribution of viability categories of Stallion “G” spermatozoa in fresh
and chilled-stored semen

Results of viability evaluation also contributed ttee clarification of the problem.
Analyses of the sample were performed after catiactlO, 18 and 24 hours chilled-
storage. Proportion of all membrane-intact spetfiTIA + IPD + IDD + IBT) was
64.3% in the fresh semen. The percentage of thesenatozoa was 77% in fertile
stallions in our study. The rate of intact, vialbeorphologically normal sperm was
low already after collection 36.3%, which decrease@6.3% after 24 hours storage.
These values were much lower than the proportiospefm in the same category in
fertiles stallions (67.4 £ 7.9% in the fresh and®%4 5.7% in the 1-day-stored semen).
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Viable spermatozoa with retained proximal and distgtoplasmic droplet and
midpiece defect were represented in large propoitidhe fresh semen. Percentage of
spermatozoa in each category was 8-10 % and centaii% of membrane-intact
sperm. Their ratios were nearly not changed andewsesented in 50% of all
membrane-intact sperm in the 24-hour-stored san$ilece IBT spermatozoa have
reverse motility it is unlikely that they would ladle to penetrate the zona pellucida
and initiate zona reaction. Therefore the presesfcéhese sperm is compensable
because the defected spermatozoa are not compiithgnormal sperm in ovum
fertilization. Proximal and distal droplet defeat® semi-compensable problem. They
are separated in the mare’s reproductive tractsgpedm with proximal droplet have
also reduced capacity to bind ZP. However CDs affecongevity of the sperm due
to releasing active enzymasnd reactive oxygen species into seminal plasma ke

of further applicability of the stored (transpoftegmen is limited.

These results have pointed out to the importancketing of the ratio of membrane-
intact and morphologically normal spermatozoa. mgkithis into account in
determining the sperm number in the inseminatioseds recommended. The further
distribution of the ejaculate and allocating thenter of mares inseminated had been
based on this way, hence it was possible to aclgeweel pregnancy outcome in the
breeding season and 75% end of the season pregraa®f Stallion “G”.

Stallion “H” , a 5-year-old Arabian stallion came from Englamdhie beginning of the
season. This was the first season to start aseglibgestallion. Twelve mares had been
inseminated with his sperm but no pregnancies lesoh lmbtained from semen doses
prepared by conventional semen processing untiditite of examination. The stallion
had good libido, and there were not any abnormaldynd during physical
examination. Volume of the ejaculates was 15-20gual;free volume was 12-15 ml
and sperm concentration was medium or good. Mptilues were varied, but
marked anomaly was not observed in native micrasaamamination. Generally non-
fat dry skim milk (NFDSM) extender was used forutiibn of each stallion semen
routinely in the Al station. In this case the vetarian intended to try also an egg-
yolk-skim-milk-based (EY-SM) extender. Viability sdbined morphology evaluation
of the semen was performed at the end of Juneudisggof gel-free ejaculate were
diluted with NFDSM or EY-SM extender. Analyses betsamples were performed
after collection and after cooled-storage for 24 @8 hours. Results are shown in
Table 30 and Fig. 66.
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Table 30. Percentages of spermatozoa in differemiability categories of
Stallion “H” (fresh and chilled-stored samples)

Sample IHITIA | IPD | IDD | IBT |HITDA |IHDT |DHIT |DHDTDA
Fresh (EY-SM) | 35.8 8.3 0.8 | 11.3 1.0 3.5 13 38.3
Fresh (NFDSM)| 12.0 2.5 15 18.0 0.0 5.0 0.¢ 61.0

24h (EY-SM) 29.0 3.5 0.5 | 115 7.5 3.5 0.0 44.5

24h (NFDSM) 1.0 1.0 0.0 9.0 0.0 6.0 1.G 82.0

48h (EY-SM) 22.5 2.5 0.0 9.0 6.5 52.5

100%

90% |

80% |

70% -

60% -

50% -

40% |

30%

20%

10%

W DHDTDA
H DHIT

B |HDT

B |HITDA
H BT

= IDD

H |IPD

H [HITIA

Fresh (EY-SM) Fresh (NFDSM) 24h (EY-SM)  24h (NFDSM)  48h (EY-SM)

0% -

Figure 66. Distribution of viability categories of Stallion “H” spermatozoa in fresh
and chilled-stored semen

The percentage of spermatozoa with intact heat,aad acrosome membrane and
normal morphology in the fresh semen diluted witly-§olk based extender was
35.8%, which is lower than can be seen at the geasnd good quality semen of
fertile stallions. Proportion of all membrane-irttaperm (IHITIA + IPD + IDD +
IBT) was 56 % in the EY-SM diluted fresh semen dedreased to 44.5% and 34%
after 24 and 48 hours storage, respectively. Remlucf number of membrane-intact
and IHITIA cells during storage is considered ndrraad acceptable. Remarkable
differences were found in the results of viabilgyaluation between EY-SM and
NFDSM diluted samples (Fig. 66). Spermatozoa showedr sperm survival in
NFDSM diluted-cooled semen. Sperm couldn’t tolersifeDSM extender for any
reason, what can be observed in both of fresh antéd-stored semen: proportion of
DHDTDA sperm was 61% in the fresh and 81% in thén@drs-stored semen. IHITIA
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spermatozoa were presented in 12% in the freshrsame only 1 % in the 1 day-
stored sample. Despite this, interestingly the graage of IBT sperm was much
higher in NFDSM diluted semen (18%) than in EY-8NMited semen (11.3%) which
shows an effect of some stress factor caused bySWFBxtender on Stallion “H”
spermatozoa. Spermatozoa response to sublethaltsefébaracteristically. Cold-,
warm and hypoosmotic shock induce bent-loopededdiil of sperm due to changes
in water-permeability of cell membrane (Devireddywlke 2002). The stallion produced
low volume of ejaculates which suggested that maybe-physiological ratios of
components of seminal plasma caused by one or atmesory sex gland disfunction
contributed to elevated sensitivity of spermatoteaenvironmental stress factors.
Probable the spermatozoa of Stallion “H” were hygsgnsitive for the compounds of
extenders and it may be possible also for the otedmiilliou of the genital tract of
the mare. The latter presumption had been not oell afterwards: The breeding
utilization of the stallion was changed for natwsatvice at the end of the season, two
mares were mated and both of them became pregnant.

Stallion “I” was a 13-year-old Trotter breeding stallion, caroenfGermany in April
for only one season. The Stud veterinarian wassatsfied with the quality of the
semen, which had been declined during the seagamnisconcentration decreased,
many cells were moving in circle and backwards) pregnancy results were also
getting worse. Viability and morphology evaluatiohthe semen was performed in
early June and also at the end of July. Fresth@rStud in June and July) or cooled-
transported /TRP/ (in 6 hours after collection iy) sperm was analysed. The
transported semen collected at the end of July alss evaluated after 24 hours
chilled-storage. Results of morphologic examinaao® shown in Table 31.

Table 31. Morphologic evaluation of Stallion "I" spermatozoa (%)

1 2 3 4 5 6 7 8 9

Sample normal |head midp | tail | coiled|detached PD | DD | multiple

3+4+45

06.09.1 557 | 23| 227| 37| 23 | 70 | 47|47 o0 | 287
Fresh
0720-1 450 | 20| 21.3] 10850 | 75 | 21| 93 00 | 371
Fresh
07.28.

TRP 445 | 25| 13.6 |13.1| 8.9 11.0 20 | 44 0.0 35.6
6 hrs
07.28.
24 hrs

46.5 | 40| 145 14p 75 7.5 15| 40 0.5 36.0
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Rate of morphologically normal sperm was decreagdd 8-10% from June (52.7%)
to July (42 and 44.5%). Proportions of midpiece aabrality (21-23% in the fresh
semen) and also tail defects were high, mainlyushett DMR, bent midpiece and
tails, coiled or broken tails. Cytoplasmic droplets very often entrapped in the bend.
Proportion of midpiece and tail defects altogefjoategories 3 + 4 + 5; Table 31) was
28.7% in the ejaculate collected in June and irsg@do 36-37% in the samples taken
in July. Rate of midpiece defect was only 3.8 +%4..@ fertile stallions in our study
and in most of the publications is less than 6%bl@&). Percentage of tail defects
was in average around 5% in the case of fertiléta in our study (Table 15). Much
more tail defects were found in ratios of 16-22%Siallion “I” sperm collected in
July (category 4 + 5; Table 31).

Viability evaluation of Stallion “I” semen

Table 32. Percentages of spermatozoa in differewmiability categories
(fresh, transported and 24 hours cooled-storesamples)

Sample IHITIA | IPD | IDD | IBT |HITDA |IHDT |DHIT |DHDTDA

06.09. Fresh 37.7 2.3 43 | 13.3 0.0 2.7 4.0 35.7

07.20. Fresh 30.0 0.0 | 11.0f 17.5 0.5 5.C 2.5 33.5

07.28.TRP | 333 | 05 | 60 | 203| 00 | 40 | 03| 358
6 hrs
07.28. 193 | 07| 07| 153 20| 40 07 573
24 hrs

100%
90% -
80% -
70% -

I DHDTDA

E DHIT

B |HDT

B |HITDA

W |BT

= DD

N |PD
H [HITIA

60%

50% -

40%

30%

20%

10% -

0%
06.09. Fresh 07.20. Fresh 07.28. TRP 07.28. 24 hrs

Figure 67. Distribution of viability categories of Stallion “I” spermatozoa
in fresh and chilled-stored semen
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Percentage of IHITIA sperm was 38% in June and 3&-3n July in the fresh or
transported semen. This ratio decreased to 19.38 af hours cooled storage.
Semen contained high proportion of “live” cells lwihidpiece and tail defect (mainly
bent, broken, curved, coild midpiece and tail) 2IB4% in the fresh and transported
semen/. The rate of this cell category was only#3% % in fertile stallions in our
study. Proportion of all membrane-intact sperm I Al + IPD + IDD + IBT) was 58-
60% in the fresh and transported semen, and hatiefe spermatozoa had normal
morphology and one-third of membrane-intact spetmowed midpiece or tail
anomaly in the samples collected in July. Theseedypf sperm generally show
abnormal motion (circular and reverse motion charéstics) which observation was
in correspondence with the motility results in tdase of Stallion “I”. After 24 hours
storage the ratio of IBT sperm was increased t6%2wvithin membrane-intact cells.
The low rate of IHITIA sperm presented in the eJates may have caused the
reduced fertility of the stallion. The sperm morfadgic problem of the Stallion “I" is
considered due to epididymal disfunction and magbeess factors caused by
transportation, arriving to the new stable and emrmental changes. Alteration of
accessory sex glands’ secretums may also influerthedlast steps of sperm
maturation hence release of droplets and formatfdoop, bend in the midpiece and
tail with enclosed CD. These sperm are either setdy filtered in the female genital
tract or unable to penetrate the zona pellucidéhaffertilization place (Barth 1994,
Saacke et al. 2000), and can be compensated bgasiog sperm number in the
insemination dose. Management also plays a cripagtlin reproductive performance
and good, intensive management can substantiajpyowe the ‘apparent’ fertility of
many poorly performing stallions, primarily by ensg insemination closer to the
time of ovulation (Colenbrander et al. 2003). Imclosion measuring of total number
of sperm in the ejaculate and determining and asing of the insemination dose
based on the previous viability and morphology Itesis advised. In this way fewer
mares can be inseminated from one ejaculate and mnsive mare management
and/or induction of ovulation may be necessarydffitiency would be enhanced.

Stallion “J” was a 16-year-old Trotter breeding stallion, canoenf Germany in the
beginning of the season. Some mares inseminateddwmmne pregnant in early of the
season, later the fertility results declined. Tfzew@ate contained large amount of gel
fraction, consistency of gel-free semen was veny, tivater-like, with a low sperm
concentration which caused a problem in obtainiofficsent spermatozoa for a
standard sperm dose (500 million PMS) in a mandgeablume (20-30 ml of
extended semen). Motility of the low numbers of repeozoa was acceptable.
Viability and morphology evaluation of the semersypa&rformed at the end of July.
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Table 33. Percentages of sperm in different morphogic categories
(fresh semen of stallion “J")

Sample| normal| head| midp | tail |coiled| detached| PD DD | multiple
fresh 505 | 33| 88| 20| 15 1.7 50 26.8, 0.3

%

1. normal

B 2. head defect

¥ 3. midpiece defect

B 4. abnormal tail

B 5. coiled tail

¥ 6. detached head
7. proximal droplet
8. distal droplet

9. multiple forms

Figure 68. Distribution of morphologic sperm categries of Stallion “J”

In Stallion “J” semen the proportion of spermatozuitgh normal morphology was
50.5%, which is lower than the average values aicgrto the references in Table 2.
Among the values of different morphologic categerike rate of spermatozoa with
distal cytoplasmic droplet (DD) was emerged (26.8Rg¢rcentage of this sperm
abnormality was 2-6% in the stallions studied ifiedent publications (Table 2) and
in average 4.1 £ 3.4% in fertile stallions in otudy (Table 15). Nine percent of the
cells showed midpiece defect, mainly DMR, some lhviieick or roughed midpiece
was observed. The effect of a retained DD on fgrti§ less well defined, although
there are more and more results suggesting a megatpact for such semen used in
artificial insemination (Kuster et al. 2004, Pesaid Bergmann 2006) due to the
active enzymes of retained CDs and elevated RO&slem the seminal plasma. In
boars, the proportion of spermatozoa with distas@Dstored semen had a negative
correlation with pregnancy rates and litter sizeapatski et al. 1994).

Percentage of all membrane-intact spermatozoa (AHH IPD + IDD + IBT) was
83% in Stallion “J” semen which is rather high raf@e proportion of intact, viable,
morphologically normal sperm was 47% and the r&tdiwe” cells showing distal
droplet (IDD) was elevated (21.3%) /Fig. 69/. IBpesm was also presented in
slightly increased percentage (11.3%). Ratio of I§f@rmatozoa is 3.1 + 2.9% in the
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ejaculates of fertile stallions (Table 15). Inciderof sperm with proximal droplet was
not prominent. High proportion of cells with distdtoplet can be the result of
epididymal malfunction but may be caused by a laick haemolytic factor in seminal
fluid which is one of the products of seminal vésithat enhances cytoplasmic
droplet release (Barth and Oko 1989).

2,2 13,5
Ll\

0,2

B HITIA

® |PD

¥ IDD

47  m BT

B |HITDA

¥ |HDT
DHIT
DHDTDA

11,3

21,3

3,7
Figure 69. Distribution of viability sperm categoles in the
fresh semen of Stallion “J”

Due to the anamnesis, sperm concentration of thresevas low. And although the
all membrane-intact spermatozoa were presentedym groportion and the motility
of the sperm was also good, 43.5% of these cetisvsti morphologic abnormality.
Therefore, the low fertility observed in this casas likely because of insufficient
total number of fertile, normal, intact spermatazéiais important to allocate the
ration of intact, normal sperm and to take intocaet this in determining cell number
in the insemination dose. Recently a new methowjlsilayer centrifugation (SLC)
through a species-specific colloid (Androcoll) waeveloped which uses only one
layer of colloid. Thus, time is saved during pregiean and the method can be scaled-
up successfully to allow large volumes of semeg. (gne whole stallion ejaculate) to
be centrifuged to produce sufficient numbers ofrisag¢ozoa for stallion Al doses.
SLC consistently improves the quality of stalligpeen samples which can be used
for inseminating some mares resulting in succeggednancy (Morrell et al. 2009c,
Morrell and Rodriguez-Martinez 2010, Morrell et &011). The viability and
morphology evaluation was performed at the enchefseason, so thus further sperm
preparations had been not carried out, and thieostavent back to Germany.
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6. DISCUSSION AND CONCLUSIONS

6.1 Experiment 1. Improvement of assessment of stalh sperm
quality by Chicago sky blue and Giemsa viability ad acrosome
staining method

Chicago sky blue 6B stain has been applied widelythe biological sciences
including studies in vivo. For example, increaseetine vascular permeability can be
detected by CSB staining. This “blue spotting” noeths used as a marker of the
implantation site at early stages of pregnancyta (Lundkvist and Ljungkvist 1977),
rabbits (Garside et al. 1996) and mice (Cheng.&Cdl4).

After freezing and thawing, a high proportion oespatozoa with unstained heads
and stained tails are observed. These cells areiieniNagy et al. 1999, Domes and
Stolla 2001). Therefore, unambiguous differentiatd intact and damaged sperm talil
membrane is important for evaluating semen qualitsing the TB/Giemsa method
for staining stallion sperm, differentiation of act or damaged sperm tails was
problematic, mainly with frozen and thawed samp&sllion spermatozoa are small
and the larger number of seminal plasma and extgmd¢eins binding to TB make
color differentiation of live and dead tails ledsar. Dyes such as TB and CSB are
used simply as anionic dyes in histology, but tladso have the capacity to bind
directly, presumably by hydrogen binding, to diffiet proteins including those with
linear structures (Lillie 1977). CSB has a strongémity for the proteins of the
sperm tail than does TB. This probably is due te $tructure of the molecules,
because CSB has two more groups that are capablgodgen binding than TB (Fig.
3). CSB resulted in similar live/dead sperm hedifledintiation, but a better tail
differentiation than TB. This was verified by ddnsnetry (Figs. 19-21) and with
subjective evaluation by light microscopy (Figs.dl 14). By microscopy, the cells
are much smaller than on the screen; thereforegtbater difference in the color
intensities of the live and dead cells is importdite 80% greater differences in the
brightness levels between the live and dead té#s €SB compared to TB staining
(Figs. 19 and 20) allows easier differentiatiorheTackground after CSB staining is
more uniform compared to TB.

Repeatability of staining methods is critical. TB8B/Giemsa staining method gave
good repeatability and agreed with the standardGlé&hsa method (Fig 16-18).
Therefore, we conclude that the TB viability steam be replaced by CSB for staining
stallion sperm, thereby providing more reliablelaaton.
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In our preliminary study, fixation for more thaneoday after viability staining caused
pale discoloration of the head. Therefore, fiximgears as soon as possible after the
viability staining, is advised. Fixation for 4 miasulted in darker dead staining with
acceptable background. Acrosomes of equine sperwetare stained more rapidly
than those of other domestic mammals. Giemsa starelow 20° C does not work; it
is more effective at 25-40C. Contact with air is also important, especialith short
dye exposure. The dilution rate of stallion seméh ®WBS is only 1:4-1:9 owing to its
low cell concentration. Therefore, the proteingh&f seminal plasma and the extender
(milk and/or egg yolk) cause denser backgroundnisigi Overnight staining can
disturb the differentiation of the live and deaitstanainly in the case of frozen semen.
Background caused by seminal plasma and extendeimps was greatly reduced on
slides stained for only 2-4 h with Giemsa. In cos@n, after staining with 0.16%
CSB and 4 min fixation, 2 - 4 h Giemsa staininat4C C is recommended for
stallion semen.

The acrosome of dead spermatozoa usually is dantagaedsing, and rarely intact (
1%) in stallion semen. For evaluating membrane giie based on staining
characteristics of the sperm cell subdomains, weigdly classified the cells into five
practical categories: intact head, tail and acresonembrane; intact head, tail and
damaged or lost acrosome; intact head with dam&gledlamaged head with intact
tail; damaged head, tail and acrosome. This vigteWaluation also can be performed
in combination with morphological assessment. Cqusertly, more informative
classifications of sperm among the live, intactscehn be made. Intact sperm with no
morphological abnormalities and those with différemorphologic aberrations
(categorizing the most common defects such as praxcytoplasmic droplets; distal
cytoplasmic droplets; midpiece or tail defects) banidentified and together with the
four cell types with damaged membranes in any giathe sperm, a useful complex
classification system with 8 combined categoriesildide applied. Sperm based on
morphology are also can be classified into fivegenor nine more differentiated
categories (details are found in the Materials liethods).

For light microscopic techniques, usually the miam number of spermatozoa
analysed is one hundred cells. Using our stainiethod for the quick analysis of the
slide, 200 cells are counted, which is far satisfigc However, the accuracy of the
evaluation can be higher by increasing the numifecetis analyzed.The counted
sperm number depends on the density of cells orsitears. In the case of fresh
semen, -especially when we examine raw ejaculdte-particules of extender do not
interfere with the assessment because of backgretaiding. In this case 5-6-fold
dilution is sufficient and in most cases cell-raanear can be obtained. For the correct
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assesment, covering the entire slides, highercoelhts must be implemented. In the
semen diluted with freezing extender, egg-yolk dsturb the evaluation. In this case,
at least ten-fold dilution is necessery which easuhe proper quality smear, however
the cell concentration on the slide would be loveeg. when we use sperm with 100
million / ml concentration. In these cases, it & possible to find large numbers of
spermatozoa on the slides therefore 200 cells eduper sample are considered
feasible. In general 200-300 sperm per sample needefine the percentages of
different cell types accurately.

6.2 Experiment 2. Analysis of the injuries of staibn spermatozoa
during the whole freezing procedure

An increased proportion of spermatozoa with damagedtbranes appear to be an
important component associated with reduced fgrtdf frozen—thawed spermatozoa
(Zhang et al. 1990). In the present study TB/C&Bemsa complex staining was used
to evaluate mebrane integrity of head, tail ancbsmmal status, and morphology of
stallion spermatozoa during the whole freezing essc Freezing procedure followed
the advised protocol of Vidament et al. (2000) gsmodified INRA 82 extenders
(Vidament et al. 2000, 2001, Table 7) was utilir@e@ur study because this was one
of the most standardised and proven method whicapied and routinely used in
one of the worldwide most organized system, inRrench National Stud at the time
of experiment. Three-four ejaculates were frozeomfr1l0 stallions (n=33), the
collection dates performed randomly throughout leetwthe years 2001-2004 (Table
5-6) in order to exclude the seasonal effect onesequality and freezability (Janett et
al. 2003). Viability evaluation in combination witlnorphological assessment was
utilized in order to define the proportion of intagperm with no morphological
abnormalities and those with the most common mdggho aberrations (with
cytoplasmic droplets; with midpiece or tail def¢cadter the technological steps of
cryopreservation (Table 11, Fig 22). Neither oftélet” and IHITIA cells proportion
was changed after centrifugation but both were ebs@d significantly in the
frozen/thawed semen. After freezing/thawing notycthle proportion of DHDTDA
sperm was higher but IHDT also increased considgrabmpared to fresh and
centrifuged semen (19+£7% vs. 4+3; 4+3; p<0,01)9FA8-25/. Our result is in accord
with the study of Domes and Stolla (2001) in whadter freezing and thawing, a high
proportion of spermatozoa with unstained heads stathed tails were observed.
These cells are considered as immotile (Nagy €1989). At most of the techniques
for viability evaluation - including light microspic or fluorescent combined
stainings -, examination of the midpiece and tahmbrane separately is not feasible.
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Recently measuring mitochondrial membrane potehial started to be involved in
the viability estimations which could correlate lwithe tail membrane integrity
evaluation. These tests are currently not availableoutine examinations only for
some laboratories. The results clearly demonsthatethe most sensitive subdomain
for the freezing/thawing stress is the flagellun?.686 of the spermatozoa had
damaged tail membrane after cryopreservation. Alghdt seems the sperm head area
and shape influence sperm freezability (Estesd. 086, Leibo 2006) the damage of
the midpiece and taill membrane is also of greatifsignce during the freezing
process. Damages and depletion of acrosome ofeviedlls were uncharacteristic
after freezing/thawing since the proportion of IBIA was less than 1 %. The rate of
this cell type is lower (1.8 % of the Intact “liveklls) than in other studies detected
by combined fluorescence staining methods wher@tbjgortion of spermatozoa with
intact acrosomes was found in 79.3-84.5% of thélgiaells after Percoll separation
(Kavak et al. 2003a) or 87—-88% acrosome intactlzhéo acrosome damaged sperm
of live spermatozoa according to Wilhelm et al.98P Differences can be explained
by the discrepant staining methodologies becauserdfcens stainings normally
included 1-2 washing steps and a short period istooi while using TB/CSB-
Giemsa staining the smears are made after a quligkod of frozen/thawed sperm.
Another reason may be the different classificatoérthe cell types. In the studies
referred spermatozoa with only intact head membreae classified as viable sperm
while in our experiment sperm with intact head #atlmembrane was identified as
viable cell and furthermore sperm with damagedaad damaged membranes of any
part of the head (head or acrosome membrane) wessdeved functionally damaged
sperm (DHDTDA).

Fresh ejaculates and frozen/thawed semen samplesaliions show individual
characteristics in point of viability and morphojogThe stallion sperm showed
different susceptibilities to stress of dilutiomgdzing and thawing, independently
from initial quality (Loomis and Graham 2008). Wauhd individual susceptibility
also to centrifugation. Current protocols for eguaperm cryopreservation require the
centrifugation of semen in order to separate spmis from the seminal plasma and
to concentrate the sperm population so that ey be rediluted with freezing
extendersit has been shown that for several species, for pbeahruman (Ng et al.
1990),and mouse (Katkov and Mazur, 1998) centrifugat®m potentially sperm-
damaging step during semen processing. There lisnsticomplete or accepted
explanation of how centrifugatiomduces sperm damage. However, it has been
hypothesized thahe damage to the spermatozoa is due to a direchanealeffect

on the sperm membranes (Alvarez et al 1993) asawsdlb an indirect adverse effect
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caused by excessive ROS formati@gitken and Clarkson, 1988)Centrifugation
somehow weakens the membrane or compromises theegbility barriers. There is
at present no defined mechanism for this effect,ibmay involve stresses on the
sperm plasma membrane similar to the stresses adddaring cryopreservation by
osmotic forces and phase transitions (Hammerstealt €990, Alvarez et al, 1993).
Impact of centrifugation can be influenced by theation and force of centrifugation.
Studies on the effect of different centrifugatiodjustmentson human sperm
(Shekarriz et al. 1995) have concluded thattime of centrifugation is more critical
than theg-forcefor inducing sperm damage; thus, the use of sleont-tentrifugation
is recommended in the preparation of sperm forstss$ireproductivéechniques.
Carvajal et al. (2004) evaluated the influenceitieent centrifugation regimes (400,
800, 1600, and 2400 x g for 3 or 5 minutes, ushegstandard protocol - 800 x g for
10 min - as a control) on both boar sperm recoeexy yield, after centrifugation and
on sperm cryosurvival. The highest recovery anddyi@lues were achieved using
2400 x g for 5 or 3 minutes and 1600 x g for 5 nAifter thawing the samples which
were centrifuged with 2400 x g for 3 min and 160@ %or 5 min before freezing
showed significantly higher postthaw sperm motilityability, and percentage of
uncapacitated sperm than control samples. Theynmeamded using short-term
centrifugation with a relatively high g-force (24@0g for 3 minutes) in boar sperm
cryopreservation protocol.

There is not much literature about the impact teattrifugatiorbefore freezing has on
the quality of frozen-thawed stallion spermatozQamly a few experiments were
achieved in which the effect of centrifugation dallgon sperm quality was studied
and none of them used morphology evaluation toyaeahe affect of centrifugation:
Moore et al. (2005a) demonstrated the deleteriffesteof seminal plasma on stallion
spermatozoa during cryopreservation. However, tieterof 5-20% seminal plasma
in the suspension after centrifugation has beensidered to be essential for
cryosurvival (Sieme et al. 2008). Membrane plassticgould also play a role in
survival during centrifugation. Membranes are stilliquid phase at 22 °C and could
therefore undergo less damage during centrifugatid® °C than at 4 °C (Vidament
et al. 2000). Cetrifugation/glycerol-addition at 22 followed by cooling to 4 °C
results in an improvement of post-thaw motilityespatozoa recovery rate and per
cycle fertility compered to the procedure carriad at 4 °C. In an experiment, 9
centrifugation methods (600-1000 x g for 3-5 mivgre tested. 800xg/10min and
1000xg/10min caused significant reduction of mitiand membrane integrity as
compared to the other 7 treatments. The best regcoaes with better motility and
viability were observed after 600 xg/10 min and @0€y/5 min centrifugation
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(DellAqua et al. 2001). In a recent study a staddzentrifugation protocol (600 x g
for 10 min) was compared to four protocols withreasing g-force and decreased
time period (600 x g, 1200 x g, 1800 x g and 24@Pfar 5 min). The authors didn’t
find reduction of stallion sperm quality after cefioigation or remarkable differences
in sperm quality between the different centrifugatprotocols. However the results
showed that the loss of sperm cells in the supenhatfter centrifugation could be
substantially reduced by increasing the g-forcéoup800 x g or 2400 x g for a shorter
period of time (5 min) compared to the standardqua without apparent changes in
semen quality, resulting in a considerable increasthe number of insemination
doses per ejaculate (Hoogewijs et al. 2010).

Weiss et al. (2004) compared three centrifugateginmes (600 x g /10 min /I./, 1000
X g /2 min /ll./and 2000 x g /2 min /lll./) to ingggate the influence of various
centrifugation methods on sperm loss and qualityfroten-thawed semen. Mean
sperm loss (I, 1.9%; 11, 8.7%; 1ll, 3.7%) was siggantly different between the three
centrifugation regimes. There were no significaiffecences among treatments in
percentage of HOS positive cells and motility aftentrifugation and in motility and
viability after freezing/thawing, only the propam of HOS positive cells in method
Il (52.1%) was significantly lower than in methot$55.5%) and Il (55.3%) after
thawing. They concluded that stallion semen shbeldentrifuged at 600 x g during
10 minutes before freezing in order to obtain Igyersn loss and a good quality of
frozen-thawed semen. According to our results dffter centrifugation more IBT cells
were observed in some cases it is suggested tadeoribat in the study of Weiss et
al. (2004) there is no information about morpholbgyore and after centrifugation or
after freezing/thawing. HOS-test shows the propartof sperm with functionally
intact tail membrane, but couldn’'t make a differefmetween the reacted sperm and
the originally abnormal morphologic sperm.

Spermatozoa response to sublethal effects chasdcieity. Cold-, warm and
hypoosmotic shock induce bent-looped, coiled tadmerm due to changes in water-
permeability of cell membrane. (Devireddy et al02pD The motion characteristics of
the motile spermatozoa are altered. High percentdgeotile sperm is moving in
circle or backwards. We found that centrifugatitsoanay cause similar morphologic
alterations and this occurred intensively in sotadlisns (Figs. 28, 32, 34). Increasing
IBT cells were observed related to 3 stallions|(i8ta6, Stallion 7, Stallion 9), which
had in their fresh semen also high percentagei®ttil type (14+5%).

Early observations showed that bulls produce gnéquently ejaculates containing
high proportion of spermatozoa with bent, loopedcoiled tails. The loop in the
midpiece appears to be permanent so that spernhvanéconce bent or coiled in this
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fashion cannot regain straight normal conditiorthd affected sperm are motile, the
side or reverse position of the tail causes themmdwe in circles or backwards at a
lower speed than normal sperm. Another part ofsierm with coiled tails are only
weakly motile or are immotile. Swanson and Boyd6@)ptried to find the causes of
incidence of coiled tails. These tail defects avasidered a secondary abnormality
which means their epididymal or postejaculatiomior(Campbell et al. 1960). Distal
midpiece reflex (DMR), bent and coiled tail defedually develop in response to
environmental insults as sperm migrate to the distdf of the epididymal tail,
probably in association with altered ion concemtratBarth and Oko 1998; Brito
2007). It has been not clear that it affects or aroffertility, but most of the authors
indicated that high percentages of abnormal tafld enidpieces caused reduced
fertility (Campbell et al. 1960). In the centrifusperm of the Group Il. stallions,
IBT increased to 19+4% (p<0.01) and it was alsdhhigthe frozen/thawed semen
(13+5%) (Fig 28-29.), While the rate of IHITIA sperdecreased considerable from
44% to 23%. Elevation of this defect can be moreartant in the frozen semen,
because it could show equal or higher proportiomragnthe viable sperm than the
cells with normal morphology (Fig. 33, 37) whichutw affect on the fertility of these
semen doses. In Group Il. proportion of IBT withuable sperm with intact
membranes was 30.3 % in the frozen/thawed semde whisroup . this ration was
only 8.6%. IHITIA was nearly 80% of the intact spein Group I. while a little bit
more than half of the viable cells (53%) in Group(Fig. 31). DMR, bent and coiled
tail defect (Fig. 34) are compensable defects. @hgserm are either selectively
filtered throughout the female genital tract or bleato penetrate the zona pellucida at
the fertilization place (Barth 1994, Saacke et2800). In this aspect fertility of the
sperm can be improved with higher number of spesnwat in the insemination dose.
The formation of coiled, bent tails can be produsedost sperm samples by rapid
chilling (cold shock) or by hypoosmotic shock. #esns spermatozoa flushed from
epydidymis are more sensitive to cooling than dged sperm probably due to the
lack of accessory sex glands secretums; howeverfltishing medium is also
important (egg-yolk-citrate solution prevented teperm from cold shock and
development of coiled tails). The cause of thisoabrality can be also an abnormal
secretion in the genital tract. The normal amoumtt eontents of seminal plasma can
prevent sperm damages (Swanson and Boyd 1962).ofwar three stallions with
increased level of tail defect produced low volugel-free volume: ~10-20 ml) of
the ejaculates with high sperm concentration 280430/ ml, it is suggested that
maybe a low portion or non-physiological componeasftseminal plasma caused by
accesory gland function failure resulted in thevated sensitivity to stress effects, in
this case to the centrifugation.
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We also tried to find answer whether the ratio elfscwith CD-s changed and how
they survived during the process. Both of proported IPD and IDD were around 5-6
% in fresh and centrifuged semen and decreasduk ifrdzen semen (3.4+3 and 2.1+2
%, p<0.01) /Table 11, Fig. 22/. Individual diffeces were found among stallions in
the proportion of intact sperm with cytoplasmic glats (Figs. 26, 37). Regarding to
the literature spermatozoa with retained cytoplasinoplets are fairly common in the
equine semen. They represent a failure of maturabecause normally the residual
cytoplasm is released down the tail during speremegis. Proximal droplets are
thought to have a great impact on fertility and&@re are classified as major defects
(Jasko et al. 1990, Amann et al 2000, Thundathidlet2001, Pefa et al. 2006),
however today, retained distal droplets are alswsidered to be more detrimental to
fertility than previously presumed (Kuster et al04, Pesch and Bergmann 2006),
because of releasing active enzyrfudsquitin, 15-LOX) and reactive oxygen species
which may influence also normal spermatozoa witlt®iect, fertilization and further
embryo development. (Sutovsky et al. 2001, Thunbetlal. 2001, Kuster et al. 2004,
Fischer et al. 2005). High proportion of sperm witB-s among intact spermatozoa
may have a negative effect on the fertility of aztallion semen.

In the combined categories all the sperm with CIRXD) were slightly decreased
during the process (15+9; 13+8; 12+8 %) and speiith midpiece- and tail defect
(IDBT) were mildly increased after centrifugatiabtO¢7; 12+10; 12+10 %) /Fig. 40/.
Our results in contrast with the study of Blotte¢ral. (2001) in which a percentage
of spermatozoa with CD was 10-23% in May and 12-i%b%ecember (tested on 4
stallions) and greatly decreased to percentagesrltvan 2 and 4% respectively after
cryopreservation. Proportion of IDCDBT didn’t chaduring the freezing procedure
(25+15; 26+15; 24+15% fresh, centrifuged and frozespectively) /Fig. 40/. The
relative ratios of IDBT, IDCD and IDCDBT during thocess might be explained in
some cases with the effect of centrifugation whiebults in curve of the midpiece
containing CD which is very often entrapped in biead (Figs 34, 70). Double bends
of the midpiece usually accompany coiling of thengpal piece with retention of
cytoplasmic material (Brito 2007).

The ratio of intact, viable spermatozoa is the nimgtortant parameter of the quality
of frozen semen. However, for the further developimef cryopreservation
technologies or determination of freezability oflividual stallion and usability of
frozen semen, it is also important to define adelyahe localization of cell injury
during the cryopreservation process for which ezdhe part of the sperm need to be
assessed. Our staining method is well-applicabiesdbdomain-specific examination
of spermatozoa.
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Figure 70. Microscopic picture of spermatozoa of “&llion 9”
after cryopreservation (CSB/Giemsa staining)

Y

6.3 Experiment 3. Use of pentoxifylline and hyalurorc acid for
stallion sperm separation

Both Percoll® gradients and swim-up proceduresgmeerally used for separating
equine spermatozoa for ICSI (Landim-Alvarenga e2@08). Therefore Percoll® and
swim-up methods were modified for the separation l@iv volume stallion
spermatozoa in our experiment. Standard sperm agpammethods are not always
effective with low numbers of total and viable gpetn humans for oligozoospermic
and asthenozoospermic men the regular Percoll®egradentrifugation yielded low
rates of sperm recovery. Therefore, a discontinuoums-Percoll gradient (0.3 ml of
each of 95%, 70% and 50% Percoll®) was developedresulted in better recovery
of clean motile spermatozoa (Ord et al. 1990, Srattfal. 1995). In human sperm
preparation washing procedures are usually verg-tonsuming processes. Stallion
spermatoza (mainly frozen semen) are very sendiiygotracted procedures like the
ones used in humans; however they are not sensaivegher centrifugation speed
(DellAqua et al. 2001, Hoogewijs et al. 2010 andrgonal experiences). The
proposed approach was to reduce the volumes ofaemamedia (Mini-Percoll in
1.5 ml microcentrifuge tube and mini-swim up methalde time of centrifugation and
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swim up duration and use higher g-force for miniél®# to increase the yield of
viable sperm for ICSI when few sperm are availaBleother factor was the number
of layers of Percoll® gradients. Since the 3 lajercoll® density gradient
centrifugation (90%—70%—-40%) was not found moreeaive than the 2 layer-
method (90%—-45%) (Chen and Bongso 1999), the 2 lagthod was chosen for this
experiment. In human studies 5-15 ml tubes werd tmemini-Percoll separation. In
our experiment we used small 1.5 ml microcentrifugiges because it was easier to
layer the two gradients and aspirate the pellehftioe bottom of the tube.

The most effective Mini-Percoll method, based gor@iminary study, was used for

this experiment. In a preliminary study differewinbinations of forces and times of

centrifugation from 300 to 1200 x g for 5-10 minree&ompared. Frozen sperm was
centrifuged through two layer gradients (0.5 mieath of 90% and 45% Percoll®).

The pellet was washed in H-CDM-1 at 300 x g for in.nRecovery of the sperm and

percentage of intact sperm with normal morphologgrevanalyzed and compared
after different centrifugations. Using low forceD(Bx g) there was very low recovery
rate while high force (1200 x g) or longer timeuésd in more dead sperm and debris
in the pellet. At the combination of 600 x g fombnutes, considerable good recovery
and yield was observed. Therefore | chose thestiftgyation parameters in the

subsequent experiment.

Commonly there are two different main approachestoease the effectiveness of
sperm separation. One is modifying and developegasation methods and the other
is adding chemical stimulators to the media. Pafyilire and hyaluronic acid are
successfully used for initiating and inducing mtiand viability of spermatozoa. In
the present study we tried to find answer weath€ioPHA treatments enhance the
effectiveness of PG and SU separation when smadllm® and low numbers of
stallion sperm is available.

The incubation period is typically between 30 ar@ inutes at 37-39 °C in
waterbath or 5% C&in air incubator for swim up procedures in the INBoratories.

| placed the semen into the medium for the shotiest - 30 minutes -, in CO
incubator at 38 °C in all swim up treatments, disrause of similar duration as
spending for Percoll separation treatments wasinedju

Pentoxifylline as a non-specific inhibitor of phbspliesterase would result in both,
stimulation of motility and acrosome reaction degiag on the conditions, the time of
stimulation and concentration of pentoxifylline timee medium (Tesarik et al. 1992,
Jayaprakash et al. 1997, Calogero et al. 1998hFesal. 1998, Henkel and Schill
2003). PX improved the ability of thawed spermatbzo undergo the acrosome
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reaction in response to calcium ionophore (Estetes. 2007). In our study IHITDA
was higher in P-PX than P-NT (P<0.01) and P-CONO(PS) (17+1.6 %, 7+1.6 %
and 11+1.6 %, respectively) (Table 12, Figs. 43, X seems to promote acrosome
reaction, maybe mainly on sperm with destabilizesbranes. There were individual
differences among stallions in the reactivity ofesome-membranes. There was a
significant stallion x treatment effect in this specategory. Samples of Stallion 2 and
Stallion 3 caused this elevation of IHITDA afterPX- treatment (Fig. 46). These
spermatozoa are loosing or already have lost agralsanaterial what can be
advantage in ICSI fertilization of oocyte but alsisadvantage because sperm
theoretically may loose “sperm-factor”. The spermabn carries an oocyte-
activating factor associated to the acrosome-memeisrar post-acrosomal region that
stimulates CH release and G oscillations important for the initiation of
development (Malcuit et al. 2006). The acrosome @scontents never enter the
oocyte under natural conditions. The removal ofrspenembranes may make the
sperm-borne oocyte-activating factor more easilgilable to the ovum’s cytoplasm.
The studies indicate that acrosomal enzymes haventaly harmful effects on
embryo development and when sperm with intact mandgs are microinjected,
changes underlying oocyte activation may still ocalthough at a slower pace
(Morozumi and Yanagimachi 2005, Morozumi et al. @00'herefore the removal of
acrosomes before ICSI is preferable (Morozumi amshagimachi 2005) in human
and necessary to facilitate sperm head decondensatd fertilization in bovine
(Goto et al. 1990) and in sheep (Gémez et al. 19873ontrast none of the studied
parameters (oocyte activation, pronuclear formatend embryo development) was
affected by the acrosomal or the live or dead stafuthe spermatozoa injected in
porcine (Garcia-Rosello et al. 2006). In pig spgshgspholipase C(PLCL), which is
thought to be the oocyte-activating factor in manmamasperm was localized to both
the post-acrosomal region and the tail area. Thissng the possibility that injection
of whole sperm may be required to attain successftivation in pigs. (Nakai et al.
2011a, 2011b). In equine species the activationga®seems to be more complicated.
Oocyte activation rates after ICSI in equine spebi@ve been largely inconsistent and
generally low among laboratories (Choi et al. 2002)ere are few publications in
equine species and these are contradictory abéerdtigity of using chemicals for
acrosome reaction and plasma disruption or actmatof fertilized oocytes
(Matsukawa et al. 2002, 2007, Bedford et al. 2004erefore a simple mechanical
membrane disruption within the pipette is currepdyformed during sperm injection
in equine species (Hinrichs 2010).

160



HA supplementation prior to freezing appeared taeserve post-thaw boar
spermatozoa viability and maintained membrane Igiabiter cryopreservation (Pefa
et al. 2004). In equine sperm HA did not preveryodamages. (Mari et al. 2005,
Ottier and Curtis 2005). Hyaluronic acid was usadcsssfully in combination with
swim-up for separating motile spermatozoa from drozbovine semen. Better
motility, increased proportions of spermatozoa witkact plasma membrane and
acrosome were observed after HA-swim-up method emetpto control samples
(Shamsuddin et al. 1993, Shamsuddin and RodrigumziMéz 1994). In our
experiment HA - in the same concentration as thieaas used in the previous studies
for bull sperm separation - increased the recovetg during swim-up, but not
viability and proportion of normal cells in any thfe treatments (Figs 41, 42, 47, 48).
Equine spermatozoa are more sensitive to envirotahstress factors and handling
processes than bovine sperm. The reason for g@ythspncentration (recovery rate)
but poor viability (survival rate) and morphologf/the SU-HA selected sperm may
be attributed to the detrimental effect of the ffwashing procedure after SU as it was
concluded in the studies of Shamsuddin et al. (1888 Shamsuddin and Rodriguez-
Martinez (1994).

Numerous studies have previously been carriedmabtpare swim-up and Percoll®
separation of spermatozoa with very varied res@ts. results agree with the findings
of Menkveld et al. (1990), van der Zwalmen et 4891) and Somfai et al. (2002b) in
superiority of Percoll separation compared to swp-P-CON and P-PX were the
most effective separation procedures when beginwitly low numbers of sperm. In
the study of Somfai et al. (2002b) the same stgimrethod was used as in our
experiment however they evaluated different speategories based on membrane
integrity of subdomains. They did not counted safgdy sperm with damaged head
and intact tail but they classified different typesacrosome damages (damaged-,
loose-, lost acrosome) within “live” and “dead” lsel[Head of stallion spermatozoa is
much smaller than bovine’s and to distinguish theedg of acrosome damage of the
“dead” sperm is not always possible. IHITDA cellavh generally loose or lost
acrosome. In the respect of sperm separation, teggaze spermatozoa with intact
head or tail plasma membranes to subcategoriesor® nmportant than classify
“dead” cells. Therefore we focused on to define thgo of functionally different
sperm types in the separated sperm suspension auddHIT or IHITIA. After
separations fairly high percentage of the sperm dathaged head but intact tail
(DHIT) (Table 12, Fig 43).This ratio was highest in P-CON (14+1.7 %), P-NT
(13+1.7 %) and SU-PX (13+1.7 %) treatments. Indhginal frozen/thawed semen it
was only 0.5 %. P-PX resulted in less DHIT cellsnpared to P-CON (8 vs. 14 %)
but it was not significant (P>0.05) (Figs. 43, 4%yventy-five to 35% of the sperm
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with intact midpiece and tail membrane, which polysare motile (Nagy et al. 1999),
have damaged head or acrosome membranes afteatsema(Fig 71).

M Intact
W [HTDA
ODHIT

%

0% T T T T T T
P-CON P-PX P-HA P-NT SU-NT SU-HA SU-PX

Treatment
Figure 71. Distribution of different sperm categores with intact midpiece and tail

membrane after different treatments. Diagram showshe relative rates of the 3 sperm
types to each other

This could affect the success and results of 1G8tgdures, in which final selection
of sperm is based on motility. The results point @weakness of this method since
there is a quite high proportion of the sperm hgvmact tail but damaged head and
acrosome consequently these cells could be alsdidmally damaged. All Percoll®
separations produced high proportion of normalsc@D-92%). After swim-ups the
proportion of sperm with midpiece + tail defect wasreased (Fig. 48) compared to it
in the thawed semen, and was 2-3-fold higher tian Rercolls (Table 13, Fig. 47).
The reason is not clear however it is possible tamnegative effect of centrifugation
after swim up could be one cause. This finding sugyport the theory of Shamsuddin
et al. (1993) that swim up causes the spermatopodet more sensitive to
centrifugation and as it is seen in my Experimensi@sceptible spermatozoa can
response with curving and bending of their tailtfoe stress effects of centrifugation.

P-CON and P-PX resulted in the most morphologicallyrmal, intact sperm
according to high proportion of normal cells, th@snintact sperm and the best
recovery rate within treatments. Incubation with RX beneficial if Percoll®
separation is delayed, but there is need to clasfgffect on acrosome exocytosis and
the influence of absence of acrosome for furthereigpment of equine embryos
produced by ICSI.
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6.4 Experiment 4. Viability, acrosome integrity and morphology
evaluation of sperm samples from subfertile stallins

Breeding stallions are selected primarily basetheir pedigree, athletic performance,
or other phenotypic characteristics. Fertility ertiflity potential are usually secondary
considerations, and in most cases assessmentiiedito selecting out stallions that
clearly do not possess the characteristics negesfar reasonable fertility
(Colenbrander et al. 2003). Infertility or subfiyiis the most common reproductive
complaint of horse owners. Diagnosis of the reasfoimfertility causes a confusing
problem for veterinarians. Owners may not keep m&teurecords, the stallion may
have changed owners, the reproductive historyehtares bred may be unknown and
overall reproductive management may be poor (Mer@ti05). The challenge is to
determine which abnormalities are constitutive aeffiect an individual stallion’s
intrinsic genetic ability, and which changes ardriggic due to a disturbance
(nutritional, hormonal, infectious, toxic, degernerm, neoplastic and idiopathic) in
spermatogenesis. This is a complicated processubedatrinsic and extrinsic factors
concurrently influence spermatogenesis (Card 2005).

Semen analysis provides important data from whestilizing ability of the stallion
can be inferred for. However conventional labonatechniques evaluate only one or
two attributes of the viability or functionality o$permatozoa. In many cases a
specified parameter (eg. a special morphologicaiet®rrelates to reduced fertility of
the sperm however it doesn’'t mean that the exarmmaif only this or another
attribution provides obvious prognosis for fenilability of the semen sample. One
reason for that to establish carefully planned wovwstudy and involve adequate
number of mares (at least 100 mares/treatmenbjet@xperiment is very expensive in
horses. Another cause that fertilization is a vegmplex procedure and overall
fertility of the stallion is influenced by many facs of the sire and also of the dam
(optimal time of insemination, reproductive statumsl condition of the mare). The aim
of most current research is to identify a comboraif tests that together analyse the
most important sperm function parameters simultasigosince multi-parametric
analysis allows more accurate prediction of faytil{Colenbrander et al. 2003,
Rodriguez-Martinez 2006).

Most of the viability staining is being used forypevaluating membrane-integrity of the
head. TB/Giemsa or CSB/Giemsa staining method ideal laboratory test that could
evaluate several attributes of the spermatozoayusmple light microscopy. Semen
specimens of fertile and subfertile stallions weolected during the years of 2003-
2008 which overlap with the period of the improvemnand modification of staining
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procedure, when the CSB was still being testedréfbee inStallion 4andStallion

10 only smears stained by TB were available, In tinerocases | analysed the samples
dyed with CSB because CSB/Giemsa staining provideck clearly differentiation of
intact and damaged midpiece and tail membranengperears from Stallion “A”, “B”
and “C”, were delivered to me after viability staig with TB and fixing by the
veterinarian at the breeding station, the othefestile semen samples were stained
by myself on the site of semen collection or thi#lexdfrtransported semen in the lab.
In these cases, CSB was used.

In the previous studies (Tartaglione and Ritta 2@4mes 2003) in which the authors
found correlation between fertility and the reswaitsIB/Giemsa viability assesment in
combination with other methods, they analysed ongmbrane-integrity and acosome
status, but not morphology. In our study we usedstiaining method for morphologic
analysis alone and | also developed an evaluatysters in which viability and
acrosome integrity examination is combined with photogy. The results have pointed
out to the importance of defining of the ratio o#mmbrane-intact and morphologically
normal spermatozoa. Taking this into account iriheining the sperm number in the
insemination dose is recommended. The further ibligton of the ejaculate and
allocating the number of mares inseminated had basad on this way in the case of
Stallion “G”, hence it was possible to achieve ggme@gnancy outcome in the
breeding season and 75% pregnancy rate at thefehé season. Management also
plays a critical part in reproductive performance good, intensive management can
substantially improve the ‘apparent’ fertility ofamy poorly performing stallions,
primarily by ensuring insemination closer to thediof ovulation (Colenbrander et al.
2003). It is also important to define the type bharmalities of spermatozoa, because
the decision of further sperm manipulation methddpends on these results. If the
abnormality is compensable (eg. microcephal heddcjeDMR, bent, coiled tail),
sperm concentration is satisfactory and a 20-30%arfnal, viable sperm is also
present in the ejaculate, the increasing of insatian dose could be solution for the
problem. However for example the presence of higipartion of CDs may be more
confusing problem, because of active enzymes of GBEh may have negative
effects on the processes after fertilization ofyp@¢Kuster et al. 2004, Fischer et al.
2005). ROS are also increased in SP in the pres#rioereased proportion of sperm
with CDs. In these cases (eg. in Stallion “J”) speseparation may help to isolate
normal viable spermatozoa from the defected spemch @so from the affected
seminal plasma. This portion after dilution withmen extender can be used more
effectively for Al immediately after preparation after cooled-transportation.
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Smearing stallion semen samples on the slide isetegéhe proportion of detached
sperm heads when compared to wet-mounts (Britd. @041). Studies in bulls also
reported an increase in the proportion of detadpsiim heads and broken midpieces
when eosin/nigrosin-stained smears where compaocedvdtmount preparations
(Sekoni et al. 1981, Brito et al. 2011). During ostiaining procedure gently
preparation of smears using two slides paraleligchted to each other and pulling to
make two smears ensures less damage of spermaidzoh is proved by low
proportion of detached heads counted in the sangplgsl.0 + 0.6% of this category
in fertile stallion semen). A common concern withsi@/nigrosin is the hypotonicity
of the stain and the possibility of introductionastifactual tail defects, e.g., bending
and coiling. The use of warm slides and stain coedbiwith quick drying of the
smear by blowing to minimize the time of contactsperm with the hypotonic stain
prevented any increase in bent and coiled spetmitathe study of Brito et al. 2011.
Using CSB/TB stains which are otherwise isoton® smears are air dried nearly
vertically at room temperature which results inywéast drying therefore minimize
artefact being formed. In the study of Brito et @011) there were significant
differences among clinicians for all sperm morplggloclassification categories.
Sperm morphology evaluation is subjective and tesalle largely dependent on the
proficiency and experience of the evaluator. Fdlizirig of Kovacs-Foote staining
method practice in classifying spermatozoa is afstispensable. However with
training and consistent evaluation of semen samtilestechnicians can reliably
perform both of the viability and morphology assesst.

Semen quality also depends on the age of theastalthat is important to consider in
sperm evaluation. A typical ejaculate of a pubestallion has a low concentration,
low motility, high percentage of germinal cells aonther defects such as head,
midpiece and proximal droplets. A pubertal horseousth be classified as a
guestionable breeding prospect. Re-evaluation h @enths is suggested. At re-
evaluation, the expectations are the followinggreases in: total sperm numbers,
sperm concentration, motility and percentage ofphologically normal sperm, with
a decrease in germinal epithelial cells, proximalptets and head/midpiece defects
(Card 2005). Idiopathic testicular degenerationailguaffects older stallions and
produces detectable changes on testicular sizecandistency (Turner 2002). In
testicular degeneration the typical changes in senmelude low spermatozoa
concentration and a high percentage of morpholbdefects, especially high number
of premature germ cells, head defects and midpletects (Brito 2007). Regardless
of the stallion is young or old, subfertile onesynparticipate in breeding in those
special cases if they have extraordinary geneticeyautstanding sports results, or in
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a small population of rare, native breeds (eg. &idHucul) for the purpose of gene
conservation.

Management of subfertile stallions

According to a special survival mechanism, theigdsis strong ability to completely
recover spermatogenic capability some time afteriisult if it was ceased (Johnson
et al. 1997). Several times after stress factogs gport competitions) discarded, body
condition of the stallion improved or backgroundedise treated the problem could be
solved. However reduced fertility in most of theses could not be cured neither by
conventional treatment, nor using GnRH or GH thegrdp these cases the only
alternative is enhanced management and changeanagement of the stallions and
the mares: decrese in number of mares mated/inagedin determination of the
optimal time of natural service or Al, changes @mgn handling. Fertility parameters
and spermiogram of subfertile stallions shows smasfiuctuations (Card 2005). In
the beginning and end of the season per cycle pregnrate can be 37% and in the
middle of the season it may decrease to 25%. Fevaees inseminated/mated may
improve the fertility rate in these cases (Juhasd Aagy 2003). A number of
investigations have indicated that seminal plas®®) (has a detrimental effect on
storage of equine sperm as either cooled or crgepved semen (Jasko et al. 1991).
The presence of some SP seems to be necessagnfen storage and fertility, but it
is beneficial to remove most of the SP by centatign before storage, at least for
those stallions whose ejaculates have poor tolereamcooling and storage (Brinsko et
al. 2000, Love et al. 2005). Factors such as composof extender, dilution ratio,
storage temperatures and times, and centrifugatigimens affect on sperm survival
during storage. SP affects on sperm longevity, padicularly in stallions that
produce semen with limited tolerance to storagepese quality can be improved
through modifications of semen handling procedrareskoski and Katila 2008).
Semen of a subfertile stallion may be centrifuged diluted with an extender which
Is more suitable to the given sample. Higher spaumber in the insemination dose in
the worst cases generally does not improve thengrery result although the
morphologically normal, viable spermatozoa can censate many of the abnormal
spermatozoa if the morphologic sperm abnormalitg wampensable. Frequency of
the inseminations can be increased (in every 24shastead of 48 hours interval with
fresh or chilled-transported sperm, or inseminaiaither before and after the
ovulation using frozen semen) and also managemerihedo mares can be more
accurate (determination the most optimal time @& ithsemination, using ovulation
induction).
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Biomimetic selection of the best quality spermatfar Al or for cryopreservation
could improve pregnancy rates and may help to sevire decline in fertility seen in
several domestic species over the recent decadegxample in dairy cattle and
horses (Morrell and Rodriguez-Martinez 2010). Régem new method, single layer
centrifugation (SLC) through a species-specificladl (Androcoll) was developed
which uses only one layer of colloid. Thus, timeséed during preparation and the
method can be scaled-up successfully to allow laolemes of semen (e.g. the whole
stallion ejaculate) to be centrifuged to producigant numbers of spermatozoa for
stallion Al doses. SLC consistently improves thaliy of stallion sperm samples in
terms of motility, membrane-integrity, morphologydachromatin integrity (Morrell
et al. 2009c, Morrell and Rodriguez-Martinez 20M@yrrell et al. 2011). Recently we
reported case studies in which SLC was used tatséle best spermatozoa from
‘problem’ ejaculates for subsequent use in Al. Reagies were obtained after using
SLC-selected spermatozoa from the five subfertdélisns for Al. The results suggest
that SLC can be used for preparing doses from storablem’ ejaculates for
conventional Al resulting in successful pregnangig®orrell et al. 2011). Using
subfertile frozen semen, in vitro sperm separati@ihods (Percoll, swim up, single
layer centrifugation, glass wool centrifugationgnhdeep intrauterine insemination or
in vitro fertilization (ICSI) may be another chartceresult in pregnancy. However the
complexity of the problem was shown in a study inick the authors conducted a
fertility trial with a subfertile stallion whose ®n was subjected to density-gradient
centrifugation in an effort to improve semen qualdrior to insemination. They
inferred that semen treatment for the subfertilgllieh yielded a spermatozoal
population with quality similar to, or exceedingafied on motility values), that of the
fertile control stallion. Nonetheless, when fertilmares were inseminated
hysteroscopically with 20 x fOprogressively motile spermatozoa, the resulting
pregnancy rates were 15/20 (75%) for the fertiédlienh, as compared to 7/20 (35%)
for the subfertile stallion. This demonstrates tepermatozoal motility does not
provide absolute discrimination power and emphagizhat spermatozoal attributes
other than maotility play critical roles in spermadal fertilizing ability (Varner 2008).

In the Experiment 4l investigated weather some alterations would &tealed either
in viability or morphology evaluation in the “suldfiée’ stallion samples related to
their decreased fertilization potency. At subfertdtallions in every cases some
alterations were detected and quality of the sparmespect of membrane-integrity or
morphology was lagged behind those in fertile stad were observed. In several
cases serious morphologic abnormalities or dranraticiction in the proportion of
intact, viable, morphological normal sperm with a@mcrease rate of different
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membrane-damaged sperm categories were found in efaeulate. Different
morphologic abnormalities of spermatozoa of sulierstallions are shown in
microscopic pictures in the Appendix. Every semampgles of subfertile stallions
were unsatisfactory regarding to the strict guitkdi of the Hungarian Standard for
breeding stallion semen (7034/1999) which allows 30% sperm with any
morphologic aberrations, if less than half of thebeormal cells have primary defect.

Earlier suggestion of Colenbrander et al. (2003)iccde realised, namely that using
this multi-parametric semen analysis method, stitdesind infertile stallions would
be identified and reason for decreased pregnarsiitsemay be revealed. For this
purpose the evaluation method would be installéal ime annual control examination
of the stallions’ semen. In the case of high gengtllions remained in breeding, with
thorough examination of the horse and his semed, use of complex evaluation
system, changes in semen quality can be monitanddtlze management would be
adjusted to these alterations. Besides of stangamdmeters of routine semen
evaluations (volume, sperm concentration, total rmpenumber, motility and
progressive motility) the complex staining methdtkracollection or thawing in the
case of frozen semen, and together with furthegduity tests (evaluation after 24
hours storage at 4°C of fresh semen, or 1 and 2shstorage at 38°C of
frozen/thawed samples) alone or with additional DiNgegrity analysis and a sperm
functional test (ZP binding or hyaluronic acid bimgl or progesterone-induced
acrosome reactions etc.) would be able for the nosig of fertility potencial of
stallion semen. Selection of subfertile and inferires or prospective breeding
stallions would facilitate the improvement of semgqnality used in artificial
insemination industry and thus better results woagghear in the pregnancy and
foaling rates.

Since the improved staining method by CSB was phbti it has been successfully
applied also for evaluation of ram, bull, dog, élept and white rhino spermatozoa.
However the complexity of the technique allows tassify spermatozoa in more
different numbers and systems of categories, | mescend the eight, viability —
combined morphology categories (Experiment 2 ando4yse for routine quality
control and also for experimental cases. The aithefuture innovation is to develop
a solution for sperm dilution in which the samplkencbe stored for some hours
without quality alterations for the field cases whiere is no possibility to make
smear at the site of sperm collection (e.g. senadleation from wild animals). It
would be a very useful innovation also to work @eimputer aided automatised
technique for evaluation the stained smears.
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7. NEW SCIENTIFIC RESULTS

1. | improved the Kovacs-Foote staining to distinguidifferent cell types more
accurately: Chicago sky blue (CSB) resulted in simsperm head, but better tail
live/dead differentiation compared to trypan bldeB). After staining with 0.16%
CSB and 4 minutes fixation, 2-4 hours Giemsa stgirat 25-40°C is recommended
for stallion semen. | validated the improved teghei CSB/Giemsa staining showed
good repeatability and high agreement with thedstaehTB/Giemsa method

2. | developed an evaluation system combining théiNig and acrosome integrity
examination with morphology analysis in order tdime the proportion of intact
sperm with no morphological abnormalities and thegéh the most common
morphologic aberrations (proximal-, distal cytophas droplets and midpiece or talil
defects). Altogether with different membrane-dantaggpermatozoa, cells were
classified in eight categories. The new evaluasgatem was used for monitoring
changes during cryopreservation process, and toeddétectable anomalies as causes
of subfertility of different stallionsin all studied subfertile stallions relationshigww
found between qualitative sperm parameters anddfyese of reduced fertility. | have
verified that high proportion of sperm with cytophaic droplets among intact
spermatozoa has a negative effect on the fertlitgquine semen. Using this multi-
parametric semen analysis method, subfertile afedtile stallions can be identified
and reason for decreased pregnancy results mavbaled.

3. During the cryopreservation procedure, the progorof all membrane-intact cells
and the ratio of intact, morphologically normal spewas not changed after
centrifugation but was decreased significantly rafteezing/thawing. Damages and
depletion of acrosome of viable cells were uncharestic after freezing/thawing since
the rate of IHITDA was lower than 1%. | found indival susceptibility to
centrifugation which caused similar morphologi@gdtions (bent, coiled sperm tail) as
induced by cold-, warm- and hypoosmotic shocks.

4. Percoll method was successfully modified by redigithe volume of separating media
(Mini-Percoll: 0.4 ml 90% and 0.5 ml 45% Percollari.5 ml microcentrifuge tube), the
time of centrifugation and use higher g-force (&G for 5 min) to increase the yield of
viable sperm separation for ICSI when low volume faw numbers of equine sperm are
available. Mini-Percoll separation without incubati and additional chemical
supplementation (P-CON) or after incubation witlb 3nM pentoxifylline (P-PX)
resulted in the most morphologically normal, intsggerm according to high proportion
of normal cells, the most intact sperm and the besbvery rate compared to mini-
percoll after incubation of spermatozoa with 1 mghyaluronic acid (P-HA) and all
swim-up treatments. Twenty five to 35% of the spemth intact midpiece and tail
membrane, - which are considered motile -, haveag@ohhead or acrosome membranes
after separations. This could affect on the sucgBESSI procedures, in which selection
of sperm is based on motility. Rate of viable spartih damaged acrosome (IHITDA)
was the highest after P-PX separation. These spexo@aare loosing or already have
lost acrosomal material what can be advantage$h fi€@tilization of oocyte.
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8. SUMMARY

There are many different laboratory methods forlwatgon of spermatozoon and
semen quality. However most of the tests providermation from only one or two
attributes of spermatozoa. A simple trypan blue )(FiBeutral red-Giemsa staining
procedure for simultaneous evaluation of acros@perm head, and tail membrane
integrity and morphology has been used to evalo@mmalian spermatozoa. Since
first introduction of the technique some speciaarelsteristics and problems have
arisen in evaluating stallion semen. The main gnobivas the differentiation of intact
vs. damaged sperm tails primarily in frozen andviidh samples. After freezing and
thawing, a high percentage of spermatozoa with restained head and stained tail
were observed. These cells are considered immolilerefore, unambiguous
differentiation of intact vs. damaged sperm tailnmbeane is very important for
evaluating semen quality. The aim of tBeperiment 1 was to improve the method
using another viability stain, Chicago sky blue @BSB) which molecule is very
similar to TB and optimizing each steps of therstay procedure to distinguish more
accurately the different cell types. CSB/Giemsanstg showed good repeatability
and agreement with TB/Giemsa measurements. Fortderetry analysis, individual
digital images were taken from smears stained bg/Gigmsa and by TB/Giemsa. A
red-green-blue (RGB) histogram for each area ofnsp®zoavas drawn. Differences
of means of RGB values of live vs. dead tails agphsate live vs. dead heads from
each photo were used to compare the two stainiogepures. CSB produced similar
live/dead sperm head differentiation and bettdrdiffierentiation. We concluded that
TB could be replaced by CSB resulting in more kdéaevaluation. After staining
with 0.16% CSB and 4 min fixation, 2 - 4 h Giemdairsng at 25-40 C is
recommended for stallion semen.

In Experiment 2 and 3the improved and validated complex staining metiad
used to evaluate sperm quality during and after pnaminent sperm manipulation
procedures: cryopreservation and sperm separdtioBxperiment 4 the technique
was applied to define detectable anomalies in sesanples from stallions with
reduced fertility.

Viability evaluation in combination with morpholagil assessment was utilized in
Experiment 2 in order to define the proportion of intact spemxith no morphological
abnormalities and those with the most common mdggho aberrations (with
cytoplasmic droplets; with midpiece or tail def@caster the technological steps of
cryopreservation. Neither of “Intact” and IHITIA lte proportion was changed after
centrifugation but both were decreased signifigafp0.01) in the frozen/thawed
semen (78%9; 7848; 38+11% and 58+16; 58+15; 26+8%resh, centrifuged and
frozen sperm, respectively). After freezing/thawingt only the proportion of
DHDTDA sperm was higher but IHDT also increasedsiderably compared to fresh
and centrifuged semen (19+7% vs. 4+3; 4+3; p<0.MBPmages and depletion of
acrosome of viable cells were uncharacteristic rafteezing/thawing since the
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proportion of IHITDA was less than 1 %. We foundlindual susceptibility also to
centrifugation. Centrifugation may cause similarrpmmlogic alterations (bent-looped,
coiled tail of sperm) as induced by cold-, warm agpdoosmotic shock and this occurred
intensively in some stallions. Increasing IBT cellere observed after centrifugation
related to 3 stallions (19+4%, p<0,01), which heagsli semen also containing high
percentage of this cell type (14+5%). Proportion IBT was also high in the
frozen/thawed semen (13+5%) in these 3 stallioasides that rate of IHITIA sperm
decreased considerable from 44% to 23%. Elevatiothis defect can be more
important in the frozen semen, because it couldvshigher or equal proportion
among the viable sperm than the cells with normatphology. In the combined
categories all the sperm with CD-s (IDCD) were ldlig decreased during the process
(15+9; 1348; 1248 %) and sperm with midpiece- aamitl defect (IDBT) were mildly
increased after centrifugation (10+7; 12+10; 12240 Proportion of IDCDBT didn’t
change during the freezing procedure (25+15; 2628515% fresh, centrifuged and
frozen respectively). The relative ratios of IDBIQCD and IDCDBT during the
process might be explained in some cases with tieeteof centrifugation which
results in curve of the midpiece containing CD wahis very often entrapped in the
bend. The ratio of intact, viable spermatozoa & rtiost important parameter of the
quality of frozen semen. However, for the furthewvelopment of cryopreservation
technologies or determination of freezability oflividual stallion and usability of
frozen semen, it is also important to define adelyahe localization of cell injury
during the cryopreservation process for which ezdhe part of the sperm need to be
assessed. The staining method is well-applicablsdbdomain-specific examination
of spermatozoa.

Standard sperm separation methods are not alwidieé with low numbers of total
and viable sperm. In addition, stallion spermatoaca very sensitive to protracted
procedures. liExperiment 3 we reduced the volume of separating media antrties
of centrifugation to increase the yield of viabfgesn for ICSI when few sperm are
available. The purpose of this study was to compaeesffectiveness of mini-Percoll
(P) and swim-up (SU) method for low numbers of spéteated or non-treated with
hyaluronic acid (HA) or pentoxifylline (PX). Numars studies have previously been
carried out to compare swim-up and Percoll® separadf spermatozoa with very
varied results. | found Percoll separation supedompared to swim-up. Percoll-
control (P-CON) and P-PX were the most effectivpasation procedures when
beginning with low numbers of sperm. Twenty five38% of the sperm with intact
midpiece and tail membrane, which possibly are lmdblave damaged head or
acrosome membranes after separations. This cotddtahe success and results of
ICSI procedures, in which final selection of spasrbased on motility. The results
point out a weakness of this method since theaeqgite high proportion of the sperm
having intact tail but damaged head and acrosomeetpently these cells could be
also functionally damaged. All Percoll® separatioasulted in more ,normal”, and
less sperm with droplets (proximal + distal dropleaind midp + tail defect compared
to all swim-ups (91-92% vs.71-78%; 1% vs. 4-7%;%-Ys.16-19% respectively,
p<0.01). HA increased the recovery rate during swpn but not viability and
proportion of normal cells in any of the treatmenit®e reason for good sperm
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concentration (recovery rate) but poor viabiliturigval rate) and morphology of the
SU-HA selected sperm may be attributed to the metntal effect of the final washing
procedure after SU. P-CON and P-PX resulted inntlest morphologically normal,
intact sperm according to high proportion of norroalls, the most intact sperm and
the best recovery rate within treatments. PX iselieral if Percoll® separation is
delayed, but there is a need to clarify its effent acrosome exocytosis and the
influence of absence of acrosome for further dewelent of equine embryos
produced by ICSI.

Unlike bulls, stallions have been not selectednayartificial insemination (Al) industry
for many years and generations based on semen gimdusperm quality and
freezability. This explains that there is a wideia@on in semen characteristics among
individuals and in remarkable rate the semen quadinot sufficient. Semen analysis
provides important data from which fertilizing atyilof the stallion can be inferred
for. In Experiment 4 we used the staining method for morphologic amalgone and
also viability and acrosome integrity examinatioaswcombined with morphology. The
examined stallions had been categorized as “féexiesubfertile” previously by the
veterinarians of the Breeding Stations based ongnamcy results of mares
inseminated with sperm of the given stallion durihg breeding season. At subfertile
stallions in every case some alterations were thteand quality of the sperm in
respect of membrane-integrity or morphology wasgéap behind those in fertile
stallions were observed. In several cases serioagphulogic abnormalities or
dramatic reduction in the proportion of intact, blea morphological normal sperm
with an increase rate of different membrane-damagpedm categories were found in
the ejaculate. Every semen samples of subfertiédlisis were unsatisfactory
regarding to the strict guidelines of the HungarBtandard for breeding stallion
semen (7034/1999).

Our results have pointed out to the importanceedinthg of the ratio of membrane-
intact and morphologically normal spermatozoa. figkithis into account in
determining the sperm number in the inseminatioseds recommended. It is also
important to define the type of abnormalities oérspatozoa, because the decision of
further sperm manipulation methods and usage dependhese results. Besides of
standard parameters of routine sperm evaluationlsirve, sperm concentration, total
sperm number, motility and progressive motility)ngsthe complex staining method
for analysis of fresh ejaculate and of 24-hourslethistored semen (longevity test),
subfertile and infertile stallions would be idemd and reason for decreased
pregnancy results may be revealed. For this irdaritie method would be installed
into the annual control examination of the stallicsemen.
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9. OSSZEFOGLALAS

A spermiumok értékelésére szamos kulobdaboratériumi modszer ismeretes,
mindemellett a tesztek tobbsége a spermiumok cgglegy tulajdonsagat vizsgalja.
Kovacs és Foote (1992) tripankék-neutralvordos-Geefastést irt le az onddsejtek feji
és farki részének &klhalt- és akroszéma allapotanak kimutatasara 6eml
spermiumokon, amely a morfolégiai értékelést istdsitja. A technika ets
bemutatasa 6ta néhany specidlis jellérds probléma mertlt fel a ménspermiumok
vizsgalatanal. A tripankék (TB) - Giemsa festésselkilonésen a mélyhott
mintakban — gondot jelentett az 6élés elhalt farkak megkulonboztetése.
Mélyhiités/felolvasztas utan az elhalt farka, de ép fapbr@nu onddsejtek aranya
nagymértékben megnEzek a sejtek bizonyara mozgasképtelenek, ezépksérilt
farkak elkulonitése nagyon fontos az onddaséy értékelésénél. Azl kisérlet
célja a komplex festési technika javitasa és tofejlelsztése volt, egyrészt egy masik
elé/elhalt festék, a Chicago sky blue 6B (CSB) alkaéas@val, amelynek
molekulaszerkezete hasonld a tripdnkékhez; masréskstés egyes |épéseinek
optimalis beallitasaival a kilénb®z spermium kategoriak hatékonyabb és
egyértelniibb elkllonitésének megoldasa dslgrban mén spermiumok vizsgalata
esetén. A CSB/Giemsa fetés j0 ismétdibéget és modszer-egyetértést mutatott a
standard TB/Giemsa mérésekkel. A CSB festék haspddmium fej- és tokéletesebb
ondosejt farok élelhalt differencialast eredményezett a tripankekhepest. A
szubjektiv vizsgalat megallapitdsa denzitometriddizissel megésitést nyert. A TB
festék biztonsaggal felvalthatd a CSB vitalis filsté ménsperma esetén, a farok-
membran épségének pontosabb és kénnyebb meghatirdiZtositva. Ménsperma
esetén a 0,16%-0s CSB-vel todérntalis festés utani 4 perces fixalas és 25-40AC2-

4 oras Giemsa festés ajanlott.

A masodik vizsgalatban az ép membranu sejteket morfologialag is értékelve
kombinalt kategoriakba soroltam az ondosejtekenysmon kodvettem a sperma-
minéség valtozasat a meltesi folyamat egyes Iépései utani analizissel. &z ép
akroszOmaju sejtek aranya a centrifugalas soran vatozott (7819 vs. 78+8%), a
felolvasztott spermaban viszont szignifikansan ksiik (38+11%). Ezen belll a normal
26£9%, p<0,01). Az IHDT sejtek ardnya a feldolgoz&®mran csak a
fagyasztas/felolvasztas utan novekedett (4+3; 4HRB:7%, p<0,01). Az él sejtek
akroszomajanak sériilése, illetve levalasa nemjeitdimz a fagyasztas utan sem, az
IHITDA sejttipus kevesebb, mint 1%-0s ardnyban \elen. Vizsgdalatainkban azt
tapasztaltuk, hogy centrifugalas is okozhat a Hdkkhoz és hipoozmotikus
sokkhatashoz hasonld morfolégiai elvaltozast éa batds egyes méneknél fokozottan
jelentkezett. Az esetek jelledan 3 ménhez voltak kotlietk, amelyeknél mar a friss
spermaban is magas ardnyban volt ez a sejttipus5%d4A 3 mén centrifugalt
spermajaban 19+4%-ra emelkedett (p<0,01), amnjetlen a fagyasztas utan is relative
nagy aranyt képviselt (13+5%), amellett, hogy anmirmorfol6gidju é sejtek aranya
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nagymeértekben csokkent (44 %-rél 23%-ra). Ez jéaranybeli valtozast jelent és
hatdssal lehet a méligdtt sperma a terméken§iképességére.

Az 0sszes plazmacseppes+farok-rendellenesséegetonsejtek aranya nem valtozott a
feldolgozas soran (25+15; 26+15; 24+15%). Az Osstaok-rendellenességgel
rendelked sejtek aranya enyhén emelkedett (10+7; 12+10; QR+hz 0Osszes
plazmacseppel rendelkesejtek aranya pedig enyhe csdkkenést mutatottialdezas
soran (15+9; 13+8; 12+8). Ez tObb esetben azzalaraghato, hogy a plazmacseppes-
kbzéprészen a centrifugalas utan visszahajlaslddglaiplazmacsepp pedig megreked a
hajtikanyarban.

A mélyhitott sperma legfontosabb néisegi paramétere az6éép onddsjtek aranya.
Mindamellett a mélytitési technoldgiak tovabbi fejlesztése céljabol, enek egyedi
sperma-mélytithetbségének  feltérképezése és a fagyasztott  sperma
felhasznalhatésaganak szempontjabél is fontos ayhtitési folyamat soran a
sejtkarosodas helyének pontos behatéroldsa, amilgermiumok egyes részeinek
elkllonitett értékelése szikséges. Az alkalmazsitési modszer jol hasznalhatd az
onddsejtek subdomain-specifikus vizsgalatara.

Alacsony teljes, vagy élsejtszam esetén a standard spermium szeparacuszenék
nem mindig hatékonyak. A ménspermiumok ezen tuh igezékenyek az elhizodo
eljarasokra. A3. kisérletbena Percoll szeparacios eljarast sikeresen moédasitcd
médium térfogatanak csokkentésevel (Mini-Percadl),centrifugalas istartamanak
roviditésével és magasabb g-érték hasznalatavally hwveljem az életképes
spermiumok  kinyerésének hatékonysagat |ICSl-re, Ké&rfogatl, alacsony
sejtkoncentracioju ménsperma elééisége esetén A kisérlet célja a mini-Percoll (P) és
swim-up (SU) modszer 6sszehasonlitasa volt alacsspgrmium-szamu mintak
esetén, stimulald vegyuletekkel todémkubacié nélkil (P-CON, P-NT és SU-NT),
pentoxifillinel (PX), illetve hialuronsavval (HAYttérs kezelést alkalmazva. Percoll-
control (P-CON) és P-PX eredményezte a legtdbb oftminilag normal, intakt
spermiumot és a legjobb sejtkinyerési aranyt. Spemnszeparalas utan magas aranyban
fordult eb sérult fefi, ép farki résé spermium (DHIT). A szeparalt ép farok membranu
spermiumok (amelyek mozgasra képesek) 25-35%-amamidlt svolt a feji vagy
akroszéma membranja. Ez befolyasolhatja az IC@radj sikerét, amelynek soran a
beinjektalasra kerél spermium kivalasztdsa a mozgasi képessége6n alapul
gyakorlatban. Az ép, de akroszoma-sertlt sejtekT@MA) aranya P-PX kezelés utan
volt a legmagasabb. Ezek a spermiumok kiloéh 16w, vagy mar kilrtlt akroszoOmat
tartalmaznak, ami &hyos is lehet az ICSI altali petesejt megtermékénysoran. Az
plazmacseppet-, vagy kozép+farokrész rendellenessdgrtalmazé onddsejtet
eredmeényezett, mint a swim up szeparalasok (91-@2%d-78%; 1% vs.4-7%; 6-7%
vs.16-19% sorrendben, p<0.01). A hialuronsav kezal@évelte a kinyerési ardnyt a
swim up szeparalas soran, viszont az € morfoldgiailag normalis sejtek aranyat
egyik kezelési csoportndl sem. Ennek egyik oka akBkklés utani centrifugalas
karosito hatasa lehet.
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Méneknél, a bikakkal ellentétben nem tortént spermeelésre, laboratoriumi
minéségre, mélytithetbségre és fertilitasra generaciok ota folytatottlekad. Ezzel
magyarazhatd, hogy az egyes lovak spermajanakkeen@l igen valtozatosak, magas
aranyban nem megfetelk. A negyedik vizsgalatbavont ,fertilis” és ,szubfertilis”
meéneket az altaluk termékenyitett és sikeresen gsiitivagy Uresen maradt kancak
aranya alapjan itélték jo termékeyképesseéinek, illetve csokkent fertilitdsunak a
mesterséges termékerdyitallomast vezét allatorvosok. Célom az volt, hogy
bemutassam az egyes mének spermdjanakésgmét kulon morfolégia és
norfolégiaval kombinalt membranintegritas alapj&tészehasonlitsam vizsgalataim
ala vont fertilis mének friss ésitve-tarolt spermajanak ezen paramétereivel. A
szubfertilis méneknél a komplex festési moédszamielden esetben kimutathaté volt,
hogy a sperma mésége membranintegritas szempontjabdl vagy az ojidikse
morfolégidja szempontjabdl elmarad a fertilis mépetdményeil. Sok esetben igen
komoly morfologiai defektusokat mutattak, és/vagyéd, ép membranu és normal
sérilt sejtkategoridk emelkedése mellett. A szdibfemeének eredményei minden
esetben elmaradtak a magyar szabvany (7034/1999)speénara vonatkozo
eléirasatol is.

s

azonositasanak fontossagara. Ajanlatos ezek arakydigyelembe vétele a
termékenyit adagok sejtszamanak megallapitasanal. Fontos armisipe
rendellenességek tipusainak meghatarozdsa, mekerezalapulhat a tovabbi
ondOmanipulaciés modszerek alkalmazasa. A rutinrnsaértékelés standard
paraméterei (térfogat,idiség, 0sszes sejtszam, motilitds és progressziVitam)ti
mellett a komplex festési modszer tovabbi adalékkzalgal a friss ejakulatum és a
24-6ras flitve tarolt sperma (eltartdsi préba) vizsgalatavah szubfertilis és
terméketlen mének felismerésével mégbetk a csokkent fertilitasi eredmények. A
modszert hasznos lenne bevezetni a mének sperrkajémankénti kontroll
vizsgalatanal.
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15. APPENDIX

List of abbreviations

Al
ALH
ASMA
BSE
BSI
CASA
CD
coiled

CSB
CTC
DBT
DCD

DD
detached

DGC
DHA
DHDTDA
DHIT
DMF
DMR

DNA

DSO

EM
EY-SM
FITC-PNA

FITC-PNA/PI

FSH
GH
GIFT
GnRH
GPX
GW
HA
HCDM
head

HOST
HSP

artificial insemination

amplitude of lateral head displacement
computer-assisted sperm head morphometry
breeding soundness examination

British Standards Institution

Computer Assisted Sperm Analysis
cytoplasmic droplet

coiled tail defect

Chicago sky blue 6B
chlortetracycline
damaged sperm wiginth curved, broken midpiece or tail
damaged spermatozoa with cytoplasmic droplet
distal cytoplasmic droplet
detached head

discontinuous density gradient centrifugatio
docosahexaenoic acid

damaged head, tail, acrosome membrane
damaged head, intact tail membrane
dimethyl-formamide

distal midpiece reflex

desoxyribonucleic acid

daily sperm output

electron microscopy

egg-yolk-skim-milk

fluorescein isothiocyanate-labeled peagglutinin

fluorescein isothiocyanatenjugated peanut
agglutinin/propidium iodide

follicle stimulating hormone

growth hormone

gamete intrafallopian transfer

gonadotropin-releasing hormone

glutathione peroxidase

glass wool filtration

hyaluronic acid

Hepes-buffered chemically defined handlingdiim

head abnormalities

hypo-osmotic swelling test
Horse Seminal Protein



IBT

ICDBT
ICSI
IDBT
IDCDBT
IDCD
IDD

IGF
IHDT
IHITDA
IHITIA
INH
Intact
IPD

Ul

IVF

LH

LIN

LM

LOX

Lp

LPO

LS means
MF

midp
midp-+tail
MIF
MOT
multiple

NFDSM
OEC
PBS
P-CON
PD

PDE
PDE
PE-PNA
PG
P-HA

P

PLCL
PM
PMS

intact head, talldaacrosome; bent, broken midpiece or tail

intact sperm with droplet + Intact spernttwibent tail
intracytoplasmic sperm injection
All sperm with bent, curved, broken midpseor tail
All spermatozoa with droplet or bent tail
All (intact and damaged) spermatozoa withpdet
intact head, taildeacrosome; distal cytolasmic droplet

insulin-like growth factor
intact head, intact acrosome, damaged tail
intact head, tail, damaged (loose-, lostefosome
intact head, tail amgrosome; normal morphology
inhibin
intact head, tail and acrosome membrane
intact head, taidaacrosome; proximal cytoplasmic droplet

intra-uterine insemination
in vitro fertilisation
luteinizing hormone
Linearity /linearity of the curvilinear tragtory
light microscope
Lipoxygenase
water permeability or hydraulic conductivity
lipid peroxidation
Least squares means
methyl-formamide
midpiece defect

midpiece and tail defect

macrophage migration inhibitory factor
motility of the sperm

multiple forms (eg. double midpiece, tetail)

non-fat dry skim milk

oviductal epithelial cells
phosphate-buffered saline
Percoll-control

proximal cytoplasmic droplet
phosphodiesterase
phosphodiesterase
phycoerythrin-conjugated peanut agglutinin
Percoll®-based density gradient
Percoll- hyaluronic acid treatment
propidium iodide

phospholipase

progressive motility, progressive motile
progressive motile sperm



PNA
P-NT
P-PX
PR
PSA
PUFA
PVP
PX
R123
RAP
ROS
SCD
SCD
SCSA
SDFI
SE
SEM
SLC
SOD
SP
SuU
SU-HA
SU-NT
SU-PX
SUTI
tail
TALP
B
TEM
™
TSN
UFT
VCL

Peanut Agglutinin

Percoll non-treated
Percoll-pentoxifylline treatment
pregnancy rate

Pisum Sativum Agglutinin
polyunsaturated fatty acids
polyvinylpyrrolidone

Pentoxifylline

rhodamine-123

rapidity of the sperm

reactive oxygen species
chromatin dispersion test

sperm chromatin dispersion
Sperm Chromatin Structure Assay
DNA fragmentation index
standard error of the mean
scanning electron microscopy
Single Layer Centrifugation
superoxide dismutase

Seminal plasma

swim-up

swim up- hyaluronic acid treatment
swim up- non-treated

swim up- pentoxifylline treatment
Sperm Ubiquitin Tag Immunoassay
tail abnormalities

Tyrode's albumin lactate pyruvate
trypan blue

transmission electron microscopy
total motility

total spermatozoa number
unique freezing technique
curvilinear velocity



Laboratory Stock solutions

0.9%
saline ml

(up to)

Phenol
red

@

Mol.
Weight

mM or %
(Wiv)

H20 ml
(up to)

Filter
(Y/N)

How to
store

Quantity
Q)

Storage
time

Storage
temp

STOCK

Formula/comp.
Alanyl-
Glutamine

ALA-GLU 217.2 100 0.434 4°C 50 ml tube

20 Y

NaHCOs

84.01 250  2.100 100 0.005/ Y 4°C | 50 mltubp

B

BSA Bov. Ser. Album| ~55.000 2.000 Y 2weeks 4°c 50 ml tube

10% 20 --

CaCb x 2H0 147 200 0.588 3 months 4 C 50 ml tube

20 --

CAFN | caffeine 194.2 0.194 1month 4 c 50m|tue

--
_CYSTMN _Cysteamine 0. 011 - 3 months -20 °C| 5ml V|a

113.6

CDM:

W-phosphate

NacCl
KCI
KH2PO4

Na-Citrate.2HO

58.44
74.55 60
136.1 10

294.1 5

710 4.149
0.447

0.136
0.147

TOTAL:

785

100

3 months

50 ml tub

E®)

Vitamin E

472.8

200

0.473

1 month

1 ml vial

Bl e



BME AA sol
EAA'S |50x 73. 5

100 ml

1 ear 4°C bottle

@§\\\\
\\\\\\\\\@\\\\\\\\\\
e e e e e
B N Yy

H-1:1 |HEPES free ac. 238|3 100 2.383
HEPES Na salt 260/3 100 2.603
TOTAL: 200 100 0 005 1 month 50 ml tube

HP _He arin Na salt -500-2 -0.020 1 month 4 C 5 ml tub

-

lw Glacial Acetic Acid 60.05 166 0.100

Insulin

6000

1.66

0.100

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

M 20 | v
Bt e e b

TOTAL

myo-Inositol

180.7

167.66

277

0.998

1 Year

-20 °C

.05 ml viz

50 ml tube



L-D/L (2> Na—LactataGO%syrup) 112.1 1000 5 619 mI 1 month 4 C 50 ml tube

----

_

0. 120e

100 mI
NEAA' S MEM AA sol 1oox 67.04 1 ear 4 °C bottle

e - --

-

PH Penicillamine 149.2 25 0.037

Hypotaurine 109.1 1 0.011
TOTAL: 35 100 3 months 20 °C 1 ml viaI

---

VITS | BME 100x vits - 145.04

- --




H-CDM-1

CSU CHEMICALLY DEFINED MEDIUM

Stock component 50 ml 75 ml 100 ml mM Stock | % in final | Molarity | Dissociation| Osmolarity
medium (mM) factor (mOsm)
H20 33.78 50.66 67.55 0 67.55% 0.00 1 0.00
CDM 5.00 7.50 10.00 785 10.00% 78.50 2 157.00]
B 1.00 1.50 2.00 250 2.00% 5.00 2 10.00
C 0.50 0.75 1.00 200 1.00% 2.00 2 4.00
G 0.125 0.188 0.250 200 0.25% 0.50 1 0.50
Glycn 0.50 0.75 1.00 490 1.00% 4.90 1 4.90
ALA-GLU 0.50 0.75 1.00 100 1.00% 1.00 1 1.00
H (1:1) 5.00 7.50 10.00 200 10.00% 20.00 1.5 30.00
L-L 0.50 0.75 1.00 1000 1.00% 10.00 2 20.00
P 0.50 0.75 1.00 50 1.00% 0.50 2 1.00
MS 0.50 0.75 1.00 50 1.00% 0.50 2 1.00
NEAA'S 0.50 0.75 1.00 67.04 1.00% 0.67 1 0.67
NaCl 5M 0.23 0.34 0.45 5000 0.45% 22.50 2 45.00
BSA FAF 1.25 1.88 2.50 0.002 2.50% 0.00 1 0.00
Mix. adjust pH (7.3 - 7.4)
and sterilize with a 0.22
membrane filter
Finally add:
Gentamycine 25 pg/ml 0.13 0.19 0.25 0 0.25% 0.00 1 0.00
TOTAL: 25.00 50.00 75.00 100.00 100.0099 146.07 275.07
Store at 4 °C for 3 weeks.
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Fig. 1. Microscopic picture of different sperm types, CSB/Giemsa staining
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Fig. 2. Microscopic picture of different sperm type, CSB/Giemsa staining
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Fig. 3. Microscopic picture of different sperm types, CSB/Giemsa staining
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Fig. 4. Morphological defects of Stallion “A” spermatozoa, TB/Giemsa staining



Fig. 5. Knobbed acrosome defect in Stallion “A” spen, TB/Giemsa staining

Fig. 6. Different head abnormalities of Stallion “A spermatozoa, TB/Giemsa staining




Fig. 7. Spermatozoon with midpiece defect in Statin “C” semen, TB/Giemsa staining

Fig. 8. Morphological defects of Stallion “C” spermatozoa, TB/Giemsa staining




e intact

. sperm,
/ piki%? PR
T — &
dead
sperm,
proximal
droplet

Fig. 9. Different morphological defects of StalliofE” spermatozoa,
CSBJ/Giemsa staining
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Fig. 10. Different morphological defects of Stallin “E” spermatozoa,
CSBJ/Giemsa staining
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Different morphological defects of Stallin “F” spermatozoa,

.12

Fig

CSB/Giemsa staining




Fig. 13. Spermatozooa with head abnormalities in Sllion “F” semen,
CSB/Giemsa staining
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Fig. 14. Live spermatozoa with different morphologtal defects in Stallion “J” semen,
CSB/Giemsa staining
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