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1. Introduction

The horse has been in close contact with humanthéarsands of years. In the last
decades the use of artificial insemination (Al) equine reproduction has been
increasing worldwide in the horse industry, offgrimany advantages over natural
service. Recently the total Al with cryopreserved cooled equine semen is 0.5
million Al/year all over the countries. From theabnumber in 0.1 million Al/year
has been used frozen semen. Around 350.000 faalsoan each year after successful
artificial insemination (Central European Managetrietelligence /CEMI/, frozen +
fresh data from 2006). Frozen semen offers breeaiional benefits not available
with cooled semen. However stallion semen cryopvesen, despite its impact on
the horse industry, is not an established techiyolbgring the last years, a number of
modifications have been proposed to the freezinggss, however a large population
of stallions still have poor semen quality andiligytafter frozen-thawed. Only 30—
40% of stallions produce semen that is constantitalsle for cryopreservation with
acceptable pregnancy results after Al, and a ctamgisariation on sperm freezability
has been also observed among breeds. More tharbalVspermatozoa are damaged
by freezing process. Stallions show different spsbdgities to stress of dilution,
freezing and thawing of their sperm, independeintgn the initial quality. Changes in
plasma membrane structure and integrity appearetcat important component
associated with reduced fertility of frozen—thavepérmatozoa.

Many valuable stallions produce poor quality senecluding 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 anymore. Isdhmases sperm can be used for in
vitro embryo production by intracytoplasmic spermjection (ICSI). In vitro
reproduction methods require the isolation of neptihorphologically normal, mature,
viable, functionally intact spermatozoa. Standgrdrs separation methods are not
always effective with low numbers of total and J&@bperm. Commonly there are two
different main approaches to increase the effectige of sperm separation. One is
modifying and developing separation methods and dtieer is adding chemical
stimulators to the media to improve functional cafyeof spermatozoa for successful
fertilization. Hyaluronic acid (HA) was used sucsfedly in combination with swim-
up for separating bull spermatozoa. In human meéjdPentoxifyllin (PX) is widely
used to initiate motility in the case of immotikesticular or epididymal spermatozoa
or for astheno-zoospermic men for ICSI. PX treatinadter thawing also increased
motility and progressive motility of equine speromia.
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A variety of techniques and protocols are availalite evaluation of the
spermatozoon. Over the past decades, a numberbofalary tests have been
developed to determine properties of sperm functibnese include quantitative
sperm motion parameters, capacitation, basal ahgced acrosome reactions, nuclear
and mitochondrial sperm DNA but few have been aglbphto routine clinical use.
Conventional semen evaluation is very subjectiveinlpabased on sperm
concentration and movement of the spermatozoapite sf its limited applicability,
motility and progressive motility are the most coomy used parameters in the
evaluation of stallion semen, in both laboratoaes stud farms, because it is easily
accessible and quick to perforrvaluation of only a single variable, did not
adequately explain differences among stallions'tilfigr in most experiments.
However, combining results of assays that measumedtiple sperm attributes
improved the ability to evaluate fertilizing potetof equine spermatozoa. Besides
routine examination to combine several tests or em@bined analyses of more
features are needed for quality and fertility easibn of equine spernsing multi-
parametric semen analysis methods subfertile afdrtile stallions would be
identified and reason for decreased pregnancytsesuhy be revealed. Comparing
freezing or sperm separation protocols can be adsessed by complex evaluation
methods.

The use of fluorescent dyes and flow cytometry pesvided the researcher and
clinician with powerful tools to evaluate severpkesn attributes. These procedures
have been utilized to evaluate sperm viabilitypoaome status, mitochondrial status,
DNA integrity and stages of capacitation. There deseloped multi-fluorescence-
staining techniques used for flow cytometric evabrg however flow cytometry
analyses or fluorescence microscopy is generallyaocessible to practitioners in the
field. There is a difficulty and disadvantage andetevant shortcoming of these
techniques: In most cases they claim sperm wasbingeparation procedures and
further incubations with the stains which can altBe original sperm quality
parameters especially in equine semen in whichnsgi®zoa are very sensitive to
time-consuming processes. The shortcoming of thiads is that sperm morphology
could not be assessed with them. Unfortunatelyetliemo reliable computer aided
automatised method which is able to perform conepledrphology evaluation neither
of all spermatozoa nor separately morphology of brame-intact, viable sperm.

The maintenance of normal function of the plasmanbrane is a crucial prerequisite
for sperm viability as well as for reactivity atetlsite of fertilisation. A trypan blue-
neutral red-Giemsa staining method for simultase@valuation of acrosome



integrity, sperm membrane, and overall morphology been described for bull, boar
and rabbit spermatozoa by Kovacs and Foote (198@)itawas reported later that
stain-permeable ("dead") sperm tails also couldliseénguished (Nagy et al. 1999).
Since its introduction, this technique has beenliegppsuccessfully to many other
mammals. Simultaneous evaluation of the viabilitgl @crosome integrity of sperm
permits differentiation of true acrosome reactioonf degenerative acrosome loss
after cell death. After freezing and thawing ofllgita semen, the number of
spermatozoa with intact, unstained head membrabets,damaged, stained tail
membranes, is increased significantly. These @tsconsidered immotile (Nagy et
al. 1999). Therefore, unambiguous differentiatidnttee intact/damagedperm tail
membrane is very important for evaluating semenlityuarhe staining method
showed acceptable repeatability and good agreenwdtit flow cytometric
measurements using fluorescein isothiocyanate-gatga peanut
agglutinin/propidium iodide (FITC-PNA/PI) stainirgd bull spermatozoa (Nagy et al.
2003). The staining method in combination of mutilanalysis or HOST was
considered to be predictive test could be usedther prognosis of the potential
fertility of semen correlation with fertility ressl (Domes 2003, Tartaglione and Ritta
2004). Some special characteristics and problenve lheen observed in stallion
semen staining. One problem with the method waslehgth of the procedure
(overnight Giemsa staining). Another problem was thfferentiation of intact vs.
damaged sperm tails mainly in the case of frozam/éd samples.

Many other factors such as management of the ata(lutrition, housing, semen
collection, semen processing and storage) and hasesn (optimal time of
insemination, reproductive status and conditionsth&f mares) may have a large
impact on the success of insemination and oveglilify of the stallion. Most
published fertility studies reporting no signific¢atifference due to treatments are
suspect, because too few males and/or females wsex@d Precision of commercial
fertility data is low and conduct of a carefullyaphed fertility trial is very expensive
in horses, even if biologically and ethically pddsi Due to these observations finding
accurate and reliable correlation between spermactexistics and the future fertility
of the sperm, rather in the case of frozen/thavailan semen is very difficult. Horse
breeding unfortunately has declined in the pastadedn Hungary which is shown
from the breeding, insemination and foaling datatiwe country. During the
experimental period there was no possibility taleksh in vivo study and involve
adequate number of mares (at least 100 mares/gagtho an experiment. However |
tried to use the complex staining method to vetifg relationship between sperm
quality of subfertile stallions and their reducedifity in the indirect way.



Breeding stallions are selected primarily basetheir pedigree, athletic performance,
or other phenotypic characteristics. Fertility ertility potential are usually secondary
considerations. This explains that there is a widgation in semen characteristics
among individuals and in remarkable rate the semeality is not sufficient.
Infertility or subfertility is the most common reqatuctive complaint of horse owners.
Diagnosis of the reason of infertility causes afasimg problem for veterinarians.
Subfertile stallions may participate in breedingthby have extraordinary genetic
value, outstanding sport results, or in a smallytegon of rare, native breeds (e.g.
Gidran, Hucul) for the purpose of gene conservatiorthese special cases thorough
examination of the horse and his semen and thefusemplex sperm evaluation are
needed to define the further breeding managemesihgUsubfertile frozen semen,
appropriate in vitro sperm separation methods thesp intrauterine insemination or
in vitro fertilization (ICSI) may be another chartoeresult in pregnancy.

2. Objectives of the dissertation

The objectives of the dissertationwere: (1) to improve, validate and adapt the
complex staining technique which evaluates sperad fand tail membrane integrity,
acrosomal status and morphology for stallion sp&ynwa, (2) to use this valuable
method to evaluate sperm quality during and after prominent sperm manipulation
procedures (cryopreservation and sperm separaimh)3) to apply the technique to
define detectable anomalies of semen from stalliavigh reduced fertility;
consequently draw an attention to the complexity&ie 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.

3. Materials and Methods

- The studies oExperiment 1, 2, 4were performed between 2001-2008 in Hungary
in co-operation with some Equine Artificial Inseration Stations in the country and
in the spermatologic laboratory of Research In&itof Animal Breeding and
Nutrition, Herceghalom. ThExperiment 3 was investigated in 2004 at the Colorado
State University, Department of Biomedical SciencAsimal Reproduction and
Biotechnology Laboratory, Fort Collins, Co. USA.



3.1 Semen samples

- Altogether thirty semen samples: fresh, diluteeintrifuged or frozen and thawed
from 10 stallions were used for repeatability anéthomdology comparisons in
Experiment 1. Smears were made from each of the 30 sample®rtare the
live/dead ratio for smears stained by 0.16% Chicdgoblue (CSB) and 0.27% trypan
blue (TB) for evaluating the toxicity of CSB. Twgrdemen samples from 15 stallions
were used for densitometry.

- In thesecond experimentlO fertile stallions were involved. All of the Bians were
used as breeding stallion for artificial insemioati Three-four ejaculates were frozen
from the 10 stallions (n=33), the collection dapesformed randomly throughout
between the years 2001-2004. Semen of Stallion 9§ wsed for more additional
freezing (altogether 17 collecting days /Sept. 26QBan. 2004/). Viability, acrosome
status and morphology of the spermatozoa were atewafter the technological steps
of cryopreservation: fresh, centrifuged, and frot®awed semen was analysed.

- In the study oExperiment 3, poor to medium quality frozen semen (cryopresgrve
in 0.5-ml straws in 200 x £0nl sperm concentration, using EZ-Freezin-LE exénd
progressive motility after thawing was30%) from 3 stallions was used, 3 replicates
each. Two straws were thawed at 38 °C for 30 mgated mixed. From this sperm
suspension one hundrgtisemen was allocated to each of 7 separatiomtesds.

- In the study oExperiment 4, semen samples of 14 fertile and 10 subfertildicta
were analysed. Stained smears were prepared fesh &jaculates of 10 fertile and 10
subfertile stallions and from extended/chilled senué 5 fertile and 4 subfertile
stallions after 1 day storage at 4°C. To evaluaige gemen samples, morphologic
analysis alone and also viability and acrosomegiitie examination combined with
morphology were performed. Ages and breeds of thilkans were different. All of the
stallions were used as a breeding stallion at mdiffeBreeding Stations in Hungary.
Stallions were categorized as “fertile” or “subileit by veterinarians of Breeding
Stations based on the rates of pregnant or nomprgégnares inseminated with sperm
of the given stallion during the breeding season.

3.2 Freezing procedure

In Experiment 2 the freezing process followed tteised protocol of Vidament et al.
(2000) using modified INRA 82 extenders. After eglion, the gel-free fraction of
the ejaculate was diluted in centrifugation extern(@d): (INRA82 + centrifuged egg



yolk, 2%, v/v) in viv 1.2 or 1.3 rates at 37 °C.té&f cooling to room temperature
diluted semen was centrifuged for 10 min at 600x@ 50 ml conical centrifugation
tube. After centrifugation sperm pellets were rpesmsled in INRA 82 extender
containing 2% egg yolk and 2,5 % glycerol (E2) btain 100x18 spermatozoa/ml at
room temperature (22 °C). Semen was equilibrate@®@min from 22°C to 4°C with
-0.3°C/min cooling rate, then an additional 60 mi°C before freezing. Semen was
packaged in 0.5 ml straws and freezing was perfdribnekeeping 0.5 ml straws at 4
cm above liquid nitrogen for 10 min then plungiree tstraws in liquid nitrogen.
Thawing of 0.5 straws was done at 37 °C for 30us#tg a waterbath.

3.3 Sperm separation in Experiment 3

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 chemicalgfided 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 incubat{®aCON).

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 tleétdam. 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-\non-treated; SU-PX: 3.5 mM

PX; or SU-HA: 1 mg/ml HA final concentration) at@3in 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.

In every treatment, the final 30-pellet after washing aspirated from the bottonswa
analysed. For evaluating sperm concentrationd Samples were taken from each
final 30l sperm suspension then diluted in g=distilled water. Concentration was
determined using a hemacytometRecovery rate was calculated as a percentage of
original concentration (200 million/ml) of the frea semen. 10 ul of the sperm pellet
was used making smear f§perm head, tail and acrosome membrane integrity and
morphology evaluation with CSB-Giemsa staining.



3.4 Sperm evaluation method
Viability staining, fixing and acrosome staining

Stallion spermatozoa are sensitive to pH, osmgladihd temperature changes.
Therefore, phosphate-buffered saline (PBS) comigii.06% KHPQ, and 0.825%
NaCl was used for semen dilution at the same tesyper as the sperm specimen was.
Fresh sperm and cooled semen - diluted in 1:1 2rdte with NFDSM-Glucose or
egg-yolk-skim-milk-based (EY-SM) extender- , wadutid 1:4 with PBS before
viability staining. Both the centrifuged and froziawed 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 nmakgsmear.

The viability test stain contained0.16% Chicago sky blue 6BSigma-Aldrich St.
Louis, MO, USA, C-8679). The working solution wasade from a 2.6% stock
solution in distilled water diluted 1:15 with PB$he 0.27% trypan bluewvorking
solution was prepared from 0.4% stock solutionrf&igr-8154) diluted 2:1 with PBS.
Both staining solutions are isotonic, have neytfd) and are stable for a year in eye-
drop bottles at room temperature. Thative was composed of 86 ml 1 N HCI plus
14 ml of 37% formaldehyde solution and 0.2 g ndutd (Sigma N2880); it is stable
for a year at room temperature and may be useatexqtig. The acrosome stain was
7.5% Giemsa stock solution (Sigma GS-500) in diestilvater prepared freshly before
use.

Staining procedure

Equal drops (20 ul) 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 werdriainl nearly vertically at room
temperature. After drying, slides were fixed fomdn. Both sides of the slides were
rinsed with tap water and distilled water, thenirgtd in Giemsa solution in an
uncovered staining jar (not more than 14 slidegguewith 16 spaces) at 25-4C for
2-4 h. Slides were rinsed with tap water, thenedéhtiated in distilled water for 2
min, air dried in a nearly vertical position, anover slipped with Entellan (Merck
1.07960, Darmstadt, Germany). Slides were evaluatd®00 X magnification using
oil-immersion objective and a yellow filter for bet live/dead differentiation.



Viability evaluation

- Three hundred cells were counted on each slideckssified intdive categoriesin
Experiment 1 and Experiment 3: intact head, intact tail and acrosome membrane
(Intact); intact head and tail, damaged acrosofd€TPA); intact head, damaged tail
(IHDT); damaged head, intact tail (DHIT); and dam@ghead-, tail-, acrosome
membrane (DHDTDA).

- Eight sperm categories were classifiedoased on membrane integrity combined
morphology for the light microscopy examination Experiment 2 and Experiment

4. intact head, intact tail and acrosome membraoemnal morphology (IHITIA);
intact head, tail and acrosome, proximal cytoplasdmoplet (IPD); intact head, tail
and acrosome, distal cytolasmic droplet (IDD); ehtaead, tail and acrosome; bent,
curved, broken midpiece or tail (IBT); intact hetall, damaged acrosome (IHITDA);
intact head, damaged tail (IHDT); damaged headcintail (DHIT); and damaged
head, damaged tail, damaged acrosome (DHDTDA). three hundred cells were
evaluated in each sample.

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

1. Damaged spermatozoa with CDQD]

2. Damaged) sperm with bent, curved, broken midpoedail [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, curdaken midpiece or tail [IBT +
DBT] IDBT

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

Morphological evaluation

- Three hundred cells were classifiecbia mple morphological categoriesin
Experiment 3:

1.normal

2. proximal cytoplasmic droplets

3. distal cytoplasmic droplets

4. midpiece and tail defect (midp+tail)
5. abnormal head (head)



- Cells were classified i morphologic categories in Experiment 4:

1. Normal morphology (normal)

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 detached)

Proximal cytoplasmic droplet (PD)

Distal cytoplasmic droplet ©D)

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

© 0N O A

Scanning and transmission electron-microscopic stigations were carried out as
well from sperm of Stallion 9 iExperiment 2.

3.5 Data analyses, statistical methods

In Experiment 1 the Bland-Altman statistical method (Bland andddin 1986, Nagy
et al. 2003) was used to assess repeatability gregtiment between the CSB and TB
stains. The analysis was calculated with the “ifitand the categories of the IHDT
and DHDTDA merged, counting all damaged tails (DT).

B .. ey 2]X]
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Figure 1. A Spermatozoon with intact head and damagednimihbrane.
CSB/Giemsa staining. The stained tail is indicatétl dotted lines.
The histogram shows the RGB values of the selexteal Bar = 2 pm.
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For densitometry analysis, individudigital images were taken from smears stained
by CSB/Giemsa and by TB/Giemsa. The Magic Wand Masekof the Corel Photo-
Paint 8 software was used to select the tail odlaeaas. For analysis of the individual
digital images, red-green-blue (RGB) histogramsendnawn for each different area
of spermatozodFig. 1). The histogram plotted the brightness value ofeyexel in
the selected area of the image. Values ranged ffera to 255 (from darkest to
brightest), and the histogram indicated how mamglpiwere at each brightness level.
Means of the composite RGB values of the selected an each of the intact or
damaged tails (midpiece and principal piece, astld®00 pixels per selected area
measurement) and the stained and unstained hedtisytvacrosome, at least 1000
pixels/measurement) were registered from eachneiciifferences between means of
RGB values of live vs. dead tails and separate \Isvedead heads from each photo
were used to compare the two stains. Altogethed, @btos were measured and 480
histograms of the total RGB value were made frora thfferent areas. After
evaluating the data for normality, the paired taibed T-test (SPSS 11.0. statistical
analysis program, SPSS Inc. Chicago, IL) was usembipare the RGB differences
between the stained and unstained tails or head33B and TB staining.

In the Experiment 2 paired T test statistical analysis was perforneedampare the
mean values of the percentages of different spateygories in 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 varianfcEAS (SAS Inst. Inc., Cary,
NC, USA). Differences among means were tested ubuk@y's honestly significant
difference (h. s.d.) procedure. In all cases, ficanice was set at p < 0.05 level. Data
are presented as Least squares means and standesdleS means + SE).

In Experiment 4 the evaluation of 10 subfertile stallion samplaed #he discussion
with incorporation of previous data and observaidinom the stallions were
interpreted in case reports. Mean values calculated the results of the viability and
morphology evaluations of stallions with good fiésti(Fertile stallions), the average
values, minimum requirements and the acceptabldéslimf 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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4. Results

4.1 Experiment 1. Improvement of assessment of stallion sperm qualityy
Chicago sky blue and Giemsa viability and acrosom&aining method

CSB/Giemsa staining showed good repeatability agdeesment with standard
TB/Giemsa measuremer(fag. 2).
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Figure 2. Agreement between the TB/Giemsa and CSB/Giemsarsa
methods for counting intact cells on smears. THerginces between
the paired measurements are plotted against thesiage. The mean of the
differences (d) and the limits of agreement (d er8D) are presented (n =30).

The 95% limits of agreement (d £ 2 corrSD) werel36and 6.19% (Fig. 2). This
interval was small and close to the d £ 2 SD of rdygeated measurements of both
methods (TB: -5.19, 5.75%; CSB: -6.44, 4.90%).

CSB resulted in similar live/dead sperm head dfféation, but a better tall
differentiation than TB. This was verified by ddgosietry analysis(Fig. 3). The 80%
greater differences in the brightness levels betvwtbe live and dead tails after CSB
compared to TB staining allows easier differertdiati

The background after CSB staining is more unifoampared to TB. TB viability stain
can be replaced by CSB for staining stallion spdtmareby providing more reliable
evaluation. Fixation for 4 min resulted in darkefead” staining with acceptable
background. Giemsa exposure for 2-4 h was suffié@macrosome staining.
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Figure 3. Means of RGB values of stained (damaged) and imestdintact)
spermatozoon tails in the individual samples.

4.2 Experiment 2. Analysis of the injuries of stalbn spermatozoa during the
whole freezing procedure

During the cryopreservation procedure, neithemembrane-intact (Intact) nor IHITIA
cells proportion was changed after centrifugationdwth were decreased significantly in
the frozen/thawed semen (78+9; 78+8; 38+11% andl6858+15; 26+9%, in fresh,
centrifuged and frozen sperm, respectively). Afterezing/thawing not only the
proportion of DHDTDA sperm was higher but IHDT alsucreased considerably
compared to fresh and centrifuged semen /19+7%A4%8; 4+3; p<0.01/(Fig. 4).
Damages and depletion of acrosome of viable ceksewuncharacteristic after
freezing/thawing since the proportion of IHITDA wiss than 1 %. Fresh ejaculates
and frozen/thawed semen samples of stallions shdiwidual characteristics in point of
viability and morphology. | found individual sustidity to centrifugation and
differences among stallions in the proportion afrap types. Centrifugation may cause
similar morphologic alterations (bent-looped, aditail of sperm) as induced by cold-,
warm and hypoosmotic shock and this occurred intelysin some stallions. Increasing
IBT cells were observed after centrifugation relate 3 stallions /Group I/ (19£4%,
p<0,01), which had fresh semen also containing lggtctentage of this cell type
114+5%/ (Fig. 5).
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Figure 4. Distribution of different sperm categories durthg freezing procedure (10
stallions, 33 freezing). a, b means in the sanecagdgory differ, p < 0.01
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Figure 5. Distribution of different sperm categories durihg freezing procedure in the
two groups of stallions. (mean values of replicaite€sroup I: 7 stallions, n =21 and in
Group II: 3 stallions, n = 12)
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Proportion of IBT was also high in the frozen/thawsemen (13+5%) in these 3
stallions, besides that rate of IHITIA sperm deseshconsiderable from 44% to 23%.
All the sperm with CD-s (IDCD) were slightly decseal during the process (15+9;
13+8; 12+8 %) and sperm with midpiece- and taiedef{IDBT) were mildly increased
after centrifugation considering all the examing¢allisns (10+7; 12+10; 12+10 %).
Proportion of IDCDBT didn't change during the frewx procedure (25£15; 26+15;
24+15% fresh, centrifuged and frozen respectiv@fe relative ratios of IDBT, IDCD
and IDCDBT during the process might be explainedame cases with the effect of
centrifugation which results in curve of the midgiecontaining CD which is very often
entrapped in the bend.

4.3 Experiment 3. Use of pentoxifylline and hyalurnic acid for stallion sperm
separation

Percoll method was successfully modified by redgi¢hre 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 (& for 5 min) to increase the yield of
viable sperm separation for ICSI when low volume faw numbers of equine sperm are
available. The purpose of this study was to compagecffectiveness of mini-Percoll
(P) and swim-up (SU) method for low numbers of spéreated or non-treated with
hyaluronic acid (HA) or pentoxifylline (PX). Minidtcoll separation of sperm
suspension without incubation with additional cheats (P-CON) or after incubation
with 3.5 mM pentoxifylline (P-PX) resulted in theost morphologically normal, intact
sperm according to high proportion of normal c@® and 91%), the most intact sperm
(54 and 57 %) and the best recovery rate (13 arfib,L&spectively). All Mini-Percoll
separations resulted in more ,normal”, and lessnspeith droplets (proximal + distal
droplets) and midpiece + tail defect compared ltevaim-ups (91-92% vs.71-78%; 1%
vS. 4-7%; 6-7% vs.16-19% respectively, p<0.01).

After separations fairly high percentage of thers@#ozoa had damaged head but
intact tail (DHIT). This ratio was highest in P-COR-NT (Mini-Percoll separation
after incubation of sperm suspension without addél chemicals) and SU-PX (3.5
mM pentoxifylline supplementation in the swim-up dnen) treatments (14%, 13%
and 13%, respectively). P-PX resulted in less DEdlls compared to P-CON (8 vs.
14 %) but it was not significant (P>0.05). Rate mé&mbrane-intact sperm with
damaged acrosome (IHITDA) was the highest afterXPsBparation (17+1.6 %).
These spermatozoa are loosing or already haveatwessomal material what can be
advantage in ICSI fertilization of oocyte. PX seetaspromote acrosome reaction,
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maybe mainly on sperm with destabilized membrangsere were individual
differences among stallions in the reactivity ofrcome-membranes. 1 mg/ml
hyaluronic acid (HA) supplementation increased rtheovery rate during swim-up,
but not viability and proportion of normal cells iany of the treatments.

100%
90%
80%
B DHDTDA
70%
® IHDT
00% O DHIT
0% 50%
Yo 50% O IHITDA
40%
M Intact
30%
20%
10%
0%
thawed 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<0.01)

Figure 6.Distribution of viability sperm categories aftefferent treatments

4.4 Experiment 4. Viability, acrosome integrity andmorphology evaluation of
sperm samples from subfertile stallions

At subfertile stallions in every case some alteratiwere detected and quality of the
sperm in respect of membrane-integrity or morphploags lagged behind those in
fertile stallions were observed. In several case®ys morphologic abnormalities or
dramatic reduction in the proportion of intact, &g morphological normal sperm
with an increase rate of different membrane-damagedm categories were found in
the ejaculate. In Stallion “H” remarkable differescwere found in the results of
viability evaluation between sperm samples dilubgth egg-yolk-skim-milk-based
(EY-SM) and non-fat dry skim milk (NFDSM)-Glucosextender. Spermatozoa
showed poor sperm survival in NFDSM diluted-coosednen. Every semen samples
of subfertile stallions were unsatisfactory regagdio the strict guidelines of the
Hungarian Standard for breeding stallion semen 4/78®9) which allows< 30%
sperm with any morphologic aberrations, if lessithalf of these abnormal cells have
primary defect. Results of morphology and viabilgyaluation of fresh semen of
fertile and subfertile stallions are showrTiable 1-4
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Table 1. Percentages of sperm in different morphologic aaieg
(fresh semen of fertile stallions 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 | 21, 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 13 0.7 3.7 | 18 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 2302
MEAN | 78.4 20 | 3.8 | 37 1.4 1.0 56 | 41 0.1
SD 5.3 1.7 1.9 16 | 0.6 0.6 3.7 | 34/ 03

Table 2. Percentages of sperm in different morphologic aaieg
(fresh semen of subfertile stallions)

Stallion| normal | head | midp | tail |coiled| detached| PD | DD |multiple
A 247 | 410 | 20 6.0 | 4.7 1.7 15.0 | 4.0 1.0
B 28.0 410, 4.7 4.0 5.7 3.7 100 3.0 0.C
Cc* 325 | 16.0| 95 1.0 2.5 4.0 31.0(35| 0.0
C*| 30.0 19.3| 11.3] 23 5.5 4.0 243 3.3 0.(
D 31.4 9.5 1.9 0.9 1.2 6.9 470 | 1.1 0.2
E 40.5 6.7 | 11.3 13 2.5 13 227 2 0
F 525 | 216 94 | 38 | 38 13 6.6 | 1.3, 0.0
G 50.0 10| 132 3.6 2.9 2.1 147 11.51.0
| ® 52.7 23 | 22.7 | 3.7 2.3 7.0 4.7 | 4.7 0.0
[*® | 42.0 20 | 21.3| 108 5.0 7.5 21 93 0.C
J 50.5 3.3 | 8.8 2.0 15 1.7 50 [26.8/ 0.3

*

Result of morphology evaluation of semen acikel in June

** Result of morphology evaluation of semen colégtin August

Result of morphology evaluation of semen ceiddn June

"*® Result of morphology evaluation of semen collédteJuly
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Table 3. Percentages of sperm in different viability catégmor
(fresh semen of fertile stallions)

Stallion | IHITIA | IPD | IDD | IBT [IHITDA |HDT DHIT | DHDTDA
1 67.2 | 129 | 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 | 115 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| 2.0 7.2 0.3 4.2 1.3 19.6
8 79.8 29| 1.0 2.3 0.5 2.7 2.2 8.7
9 525 32| 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 45 0.1 4.0 1.1 15.1
SD 7.9 32 29 3.C 0.2 1.4 0.8 7.3
Table 4. Percentages of sperm in different viability catégmor
(fresh semen of subfertile stallions)
Stallion | IHITIA | IPD | IDD | IBT |IHITDA |HDT DHIT | DHDTDA
A 9.5 3.0 1.0 6.5 1.0 8.0 0.0 71.0
B 14.0 6.0 0.0 5.0 0.0 4.0 5.0 66.0
C* 126 | 14.7| 1.8 4.9 0.0 12.3 5.8 48.0
CH** 10.0 10.7| 3.3 3.3 0.0 2.0 0.7 70.0
D 120 | 415| 05 1.0 1.5 11.0 9.0 23.5
E 1.5 4,5 0.5 5.0 1.5 28.( 0.0 59.0
F 19.0 3.0 | 07 5.0 0.7 9.0 6.0 56.7
G 36.3 10.0/ 8.0 10.0 0.3 12.7 0.9 21.8
H* 35.8 83| 08 | 11.3 1.0 3.5 1.3 38.3
H*# 12.0 2.5 1.5 18.0 0.0 5.0 0.0 61.0
| " 37.7 23 | 43 | 133 0.0 2.7 4.0 35.7
|- 30.0 0.0 | 11.0/ 175 0.5 5.0 2.5 335
J 47.0 3.7 | 21.3 | 11.3 0.2 1.1 2.2 13.5

* Result of viability evaluation of semen colledtin June
** Result of viability evaluation of semen colledten August
* Fresh semen diluted with egg-yolk-skim-milk-bh$EY-SM) extender

*# Fresh semen diluted with non-fat dry skim milk (D&M) extender
Result of viability evaluation of semen collatia June

"* Result of viability evaluation of semen collectadluly
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5. Discussion, conclusions and recommendations

5.1 Using the TB/Giemsa method for staining stallipersn, differentiation of intact
or damaged sperm tails was problematic, mainly viitizen and thawed samples.
Stallion spermatozoa are small and the larger numbgeminal plasma and extender
proteins binding to TB make colour differentiatioh live and dead tails less clear.
The aim of the Experiment 1 was to improve KovaostE staining method using
another viability stain and optimizing each stedstlme staining procedure to
distinguish more accurately the different cell typespecially in stallion sperm.

We searched for other supravital stains in thed‘aisazo dye” group with the aim of
finding a dye with more affinity to the proteins tife tail of membrane-permeable
stallion spermatozo&Ve selected Chicago sky blue 6B to compare to trygae. TB
and CSB dyes have the capacity to bind directlgspmably by hydrogen binding, to
different proteins including those with linear stiwres (Lillie 1977). CSB has a
stronger affinity for the proteins of the sperm than does TB. This is probably due
to the structure of the molecules, because CSBvisnore groups that are capable
of hydrogen binding than TB-ig. 7).

Trypan blue

cu,

N,o,s

C,H;NO,,S,Na,: mol. wt. 960.817

Chicago sky blue 6B
OCH; NH,
NaO:S“N:N"N:NSOJNa
Na(0sS SO.Na

CiaH3aNgO 45 Na,: mol wt, 992,816

Figure 7. Chemical structures of TB and CSB (Lillie 1977)

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 noites resulted in darker dead staining
with acceptable background. Acrosomes of equinensgi®zoa are stained more
rapidly than those of other domestic mammals. Geestaining below 20° C does not
work; it is more effective at 25-40C. Contact with air is also important, especially
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with short dye exposure. Background caused by sdmlasma and extender proteins
was greatly reduced on slides stained for only2wlith Giemsa. In conclusion after
staining with 0.16% CSB and 4 min fixation, 2-4 ef@sa staining at 25-4QC is
recommended for stallion semen. This improved ntefloo equine spermatozoa can
be used in routine practice and research.

For evaluating membrane integrity based on staiohmyacteristics of the sperm cell
subdomains, we generally classified the cells ifite practical categories: intact
head, tail and acrosome membrane; intact headarndildamaged or lost acrosome;
intact head with damaged tail; damaged head witkcirtail; damaged head, tail and
acrosome. This viability evaluation also can befgrared in combination with
morphological assessment. Consequently, more irgtiven classifications of sperm
among the live, intact cells can be made. Intgermm with no morphological
abnormalities and those with different morphologi@rrations (categorizing the most
common defects such as proximal cytoplasmic dreplistal cytoplasmic droplets;
midpiece or tail defects) can be identified andetbgr with the four cell types with
damaged membranes in any part of the sperm, alus®fiplex classification system
with 8 combined categories would be applied. Spkeased on morphology are also
can be classified into five simple or nine mordeténtiated categories (details are
found in the Materials and Methods).

5.2 The results of Experiment 2 clearly demonstrateé ttie most sensitive subdomain
for the freezing/thawing stress is the flagellun?.686 of the spermatozoa had
damaged tail membrane after cryopreservation. Alghat seems the sperm head area
and shape influence sperm freezability, the dano&tjee midpiece and tail membrane
is also of great significance during the freezingcess. The rate of IHITDA cell type
after freezing/thawing was lower (1.8 % of the attaells) than in other studies
detected by combined fluorescence staining metHaifferences can be explained by
the discrepant staining methodologies becausedtoens stainings normally included
1-2 washing steps and a short period incubatiomewlsing TB/CSB-Giemsa staining
the smears are made after a quick dilution of indhawed sperm. Another reason
may be the different classification of the cell égp Fresh ejaculates and
frozen/thawed semen samples of stallions show itdal characteristics in point of
viability and morphology. | found individual suscgglity also to centrifugation.
Spermatozoa response to sublethal effects chasitaity. Cold-, warm and
hypoosmotic shock induce bent-looped, coiled thgperm due to changes in water-
permeability of cell membrane. We found that cémggation also may cause similar
morphologic alterations and this occurred interlgive some stallions. Percentage of
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the spermatozoa with normal morphology among viaelés is very important. The
importance of midpiece and tail defect can be highdéhe frozen semen, because it
could show equal or higher proportion among théleissperm than the cells with
normal morphology. In this approach it is also imignt to examine the incidence of
the abnormal sperm among the ,live cells”. In th&eated group of stallions the
proportion of IBT among viable sperm with intact mi@anes was 30.3 % in the
frozen/thawed semen while in the non-effected grthp ration was 8.6%. These
sperm are either selectively filtered throughowt temale genital tract or unable to
penetrate the zona pellucida at the fertilizatitec@. In this aspect fertility of the
sperm can be improved with higher number of spesnwat in the insemination dose.

Regarding to the literature spermatozoa with reghioytoplasmic droplets are fairly
common in the equine semen. Proximal droplets (Pfasind on ejaculated
spermatozoa argenerally considered indicative of a defect ofitedar originand
have been implicated in the depressed fertilitybolis and boars. The effect of a
retained DD on fertility is leswell defined, although today, retained distal dedgl
are concerned to be more detrimental to fertihigrt previously suspected. According
to the theories that sperm with CD-s are parthefdd out during the sperm transport
in the female genital tract but one portion of theells reach the oocyte however
supposed to fail to bind zona pellucida, othervéeeymes of the droplets affect on
the normal spermatozoa without defect; CD-s aresidened to be a semi-conpensable
defect. High proportion of sperm with CD-s amontaat spermatozoa may have a
negative effect on the fertility of frozen semen.

The ratio of intact, viable spermatozoa is the nogtortant parameter of the quality
of frozen semen. However, for the further developimef cryopreservation
technologies or determination of freezability afinidual stallion sperm and usability
of frozen semen, it is also important to defineuaately the localization of cell injury
during the cryopreservation process for which ezfdhe part of the sperm need to be
assessed. Our staining method is well-applicablesdbdomain-specific examination
of spermatozoa. Conservation of semen of stallrepsesenting valuable, promising
or rare breeds and bloodlines for future use, orage is important way to preserve
genetic diversity. The complex staining method raagist in selecting the optimal
sperm cryopreservation technique individually ie ttase of high priority stallions to
improve the frozen sperm quality and its fertilggtency. It would be a very useful
innovation to work out computer aided automatisechhique for evaluation the
stained smears.
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5.3 Standard sperm separation methods are not alefgive with low numbers of
total and viable sperm. In addition, stallion spatozoa are very sensitive to
protracted procedures. Numerous studies have prglyibeen carried out to compare
swim-up and Percoll® separation of spermatozoa waéty varied results. | found
Percoll separation superior compared to swim-u@(N and P-PX were the most
effective separation procedures when beginning leith numbers of sperm. Twenty
five to 35% of the sperm with intact midpiece aaitlihembrane - which are considered
motile (Nagy et al. 1999) -, have damaged head avosame membranes after
separations. This could affect the success andtsestiICSI procedures, in which
final selection of sperm is based on motility. Tesults point out a weakness of this
method since there is a quite high proportion & #perm having intact tail but
damaged head and acrosome consequently thesecoelld be also functionally
damaged. The reason for good sperm concentragao\ery rate) but poor viability
(survival rate) and morphology of the SU-HA seldcsperm may be attributed to the
detrimental effect of the final washing procedurféeraSU. PX is beneficial if
Percoll® separation is delayed, but there is a needarify its effect on acrosome
exocytosis and the influence of absence of acrostomdurther development of
equine embryos produced by ICSI.

5.4 Our results of Experiment 4 have pointed out ®ithportance of defining of the
ratio of membrane-intact and morphologically normspérmatozoa. Taking this into
account in determining the sperm number in thennisation dose is recommended. It
is also important to define the type of abnormeditiof spermatozoa, because the
decision of further sperm manipulation methods ddpeon these results. If the
abnormality is compensable (e.g. microcephal hesfdcti DMR, bent, coiled tail),
the sperm concentration is satisfactory and a 2@8-80normal, viable sperm is also
present in the ejaculate, the increasing of insatitin dose could be solution for the
problem. In the case of semi-compensable or norpeosable defects, for example
the presence of high proportion of cytoplasmic titsp which alter biological
properties of normal cells and affect negatively development processes after
fertilization of oocyte, sperm separation may hdlp isolate normal viable
spermatozoa from the defected sperm cells and tihenaffected seminal plasma. This
portion after dilution with semen extender can tsdi more effectively for Al
immediately after preparation or after cooled-tpmrtation. Besides of standard
parameters of routine sperm evaluations (volumermspconcentration, total sperm
number, motility and progressive motility) usingetikomplex staining method for
analysis of fresh ejaculate and of 24-hours-chilemted semen (longevity test),
subfertile and infertile stallions would be iderd@ and reason for decreased
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pregnancy results may be revealed. For this irdaritie method would be installed
into the annual control examination of the stabiosemen. Subfertile stallions may
participate in breeding if they have extraordingsgnetic value, outstanding sport
results, or in a small population of rare, nativedds for the purpose of gene
conservation. In these special cases with thoragimination of the horse and his
semen and to use of complex evaluation system,gelsaim semen quality can be
monitored and the breeding management would bestdjuto these alterations.
Enhanced breeding management of subfertile stalliggg. changes in semen
handling procedures: centrifugation, change of redgée and dilution rate,
recalculating of insemination dose, sperm separati@crease in number of mares
mated/inseminated; increased mare managementrndeation of the optimal time
of natural service or Al, and/or ovulation inducfjocan provide better pregnancy
results.
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6. New scientific results

1. | improved the Kovacs-Foote staining to distinguidifferent cell types more
accurately: Chicago sky blue (CSB) resulted in imsperm 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 anddyese 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 redgithe 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 sp&rtih damaged acrosome (IHITDA)
was the highest after P-PX separation. These spezo@aare loosing or already have
lost acrosomal material what can be advantage$h fi€@tilization of oocyte.
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7. Publications in the field of the thesis

Scientific papers published in reviewed journals

1.

Katvolgyi G., Nagy Sz., Czimber Gy., Balogh A., Stefler J., Eow A. (2003)
Ménspermiumok élelhalt és akroszéma festé@éability and acrosome staining
of stallion spermatozoa); Allatenyésztés és Takagmzas (Hungarian Journal of
Animal Production) 52. 2. 137-143. (in HungariamvEnglish summary).

Kutvolgyi G., Stefler J., Kovacs A. (2006Jiability and acrosome staining of
stallion spermatozoa by Chicago sky blue and GiemBsaech. Histochem. Vol.
81. (4-6) p.109 — 117. Erratum in: Biotech. Histeich 2007. 82: 45.

Morrell JM., Mari G., Katvolgyi G., Meurling S., Mislei B., lacono E.,

Rodriguez-Martinez H. (2011Rregnancies following artificial insemination with
spermatozoa from problem stallion ejaculates preeds by Single Layer

Centrifugation with Androcoll-EReproduction in Domestic Animals. 46 (4): 642-
645.

Poster and oral presentations in Conferences

1.

Kutvolgyi G., Balogh A., Nagy Sz., Czimber Gy., Stefler J., Koy A. (2003)
Shorter (2 hours) live/dead and acrosome stainirigstllion spermatozqa
Reproduction in Domestic Animals 38: p340. Abstreé. (ESDAR Congress,
September 4-6, 2003; Dublin).

Katvolgyi G., Czimber Gy., Nagy Sz., Stefler J., Kovacs A. @0An unusual
response of spermatozoa to centrifugation in casanoArabian stallion 15th

International Congress on Animal Reproduction (IQAR004 August, Porto
Seguro, Brazil, Abstracts. Vol 2. p.499.

Katvolgyi G., Suh T., Carnevale E., Seidel G. Jr. (2005¢ of pentoxifylline and
hyaluronic acid for stallion sperm separatiofhe 31st Annual Conference of the
International Embryo Transfer Society, Copenhageenmark, 8-12 January
2005; Abstr. in: Reproduction, Fertility and Devateent. 17 (1,2) p.310.

Katvolgyi G., Suh T., Carnevale E., Seidel G. Jr. (200®rphologic evaluation
after using pentoxifylline and hyaluronic acid fstallion sperm separatigrrhe
9th Annual Conference of the European Society foomBstic Animal
Reproduction (ESDAR), Murcia, Spain, 1-3 Septeml2d05; Abstract in:
Reproduction in Domestic Animals. Vol. 40: p407b&act P271).

Katvolgyi G., Reiczigel J., Stefler J., Kovacs A. (200Ejfect of Morinda
citrifolia on the membrane integrity of stallion esmatozoa 10th International
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Symposium on Spermatology Madrid, 17-22 Septeml®€62 Abstract in the
proceedings: P3-28, p.110.

Kutvolgyi G., Czimber Gy., Nagy Sz., Jancsik V., Kovacs A.gflgt J. (2006)
Mén ondésejtek karosodasainak elemzése a wtébibfolyamat sorarfAnalysis
of the injuries of stallion spermatozoa during thbole freezing procedure);
Allatbiotechnoldgiai  kutatdsok  Magyarorszagon  koefiegia  (Animal-
Biotechnology Research in Hungary, Hungarian Academwf Sciences
Conference), September 29. 2006., Budapest, oesleptation, abstract in the
proceedings: p.23 (in Hungarian).

Horvath A., Katvolgyi G., Molnar M., Pribenszky Cs., Harnos A., Szenci O.
(2007) A magas hidrosztatikai nyomas alkalmazasa a ménonélyfagyasztasi
protokolljaban 14. Szaporodasbiologiai Talalkozo. 2007. oktébeKeszthely,
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