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Summary

Evaluation of biological semen quality in stallions is based on analysis of sperm-motility, -morphology, -function and seminalplasma constituents.
Methods are listed and discussed in relation to semen preservation techniques and stallion fertility. Minimal standards of stallion A.l.sperm
regarding the mainly limiting factors — preservation techniques, sperm dose, frequency, timing and method of A.I. — are demonstrated. Sperm
dose for liquid stallion semen transfered during the day of collection should not fall short of than 300 x 10° motile spermatozoa; in the case
of chilled transported semen — used 24-36 hours after semen collection — the double dose is recommended. In the case of frozen equine
semen good laboratory practice should be a sperm dose of a total of 800 x 10¢ spermatozoa with a postthaw motility of at least 35%.
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KB-Sperma des Hengstes: Beurteilungskriterien und Mindestanforderungen — eine Ubersicht

Die Beurteilung der biologischen Samenqualitét von Hengsten beruht im wesentlichen auf Methoden zur Bestimmung der Spermienmotilitét,
-morphologie und -funktion sowie der Analyse von Seminalplasmakomponenten. Diese Methoden werden aufgefihrt unter Beriicksichtigung
ihrer Relevanz fir die Samenaufbereitungstechnik und Zuchttauglichkeitsuntersuchung. Mindestanforderungen an die fir den Besamungserfolg
wichtigsten biotechnischen Faktoren — Aufbereitungstechnik, Spermiendosis, Besamungszeitpunkt, Besamungsfrequenz, Besamungsmethode
— werden vorgestellt. Bei sachgeméfBer Aufbereitungstechnik wird bei Einsatz von flissigkonservierten Hengstsperma, welches am Tag der
Gewinnung (< 12h) Gbertragen wird eine Richtdosis von 300 x 10¢ motilen Spermien empfohlen; bei Einsatz nach 24-36h (Versandsperma)
ist die Spermiendosis zu verdoppeln. Bei Einsatz von Tiefgefriersperma sollte die Spermiendosis auf 800 x 10¢ Spermien mit einer Auffaumotilitét

von mindestens 35% eingestellt werden.

SchliUsselwérter:

Introduction

Relationship between in vitro sperm evaluation and in vivo fer-
tility requires further research despite diverse methods to eva-
luate sperm-motility, -morphology, -function and seminalplas-
ma constituents. Those methods serve in equine reproductive
medicine either for ferility prognosis of the individual stallion
or in the practical A.l. to estimate correlation and suitability of
stallion ejaculates for different semen preservation procedures
(fresh, transported, frozen semen).

Regarding correlation of different methodes to male fertility
significance of published studies is often problematic in regard
to limited numbers of stallions, small number of mares and the
use of different scores between studies.

To define standards, variation and minimal criteria of stallion
semen Klug (1987) in the warmblood Dowsett and Pattie (1987)
as well as Pickett et al (1988) in different breeds analysed raw
stallion semen parameters for volume (gel-, gel free-, total se-
men volume), sperm concentration, total number of spermato-
zoa per ejaculate, percentage of motile spermatozoa, percen-
tage of morphological normal spermatozoa and seminal pH.
Paccamonti et al. (1999) define standards for miniature stal-
lions.

Pferdeheilkunde 17

Hengst, Samenbeurteilung, instrumentelle Samenibertragung

Evaluation criteria

The classical measurement to assess sperm motility is done by
visual estimation using a phase-contrast microscope combined
with a warming stage at a magnification of 150 to 200 x.
Abaxial attachment of the mid piece to the sperm head is phy-
siological in stallion spermatozoa and responsible for a circu-
lar motion of a specific aliquote in stallion semen samples.
Extended semen should preferably be analyzed because raw
stal-lion semen tends to agglutination. Visual estimation is cheap,
simple and sufficiently accurate if analysis is created by an ex-
perienced technician. Standardization is indicated and recom-
mendations are an incubation temperature of 37° C, sperm
concentration between 25-50 x10%sp./ml, depth of analyzing
suspension resp. chamber 10-20 mm and a minimum of 2
suspensions should be analyzed with 4 to 5 fields near the cen-
ter of the coverslip.

Computerized semen analysis like the CellSoft system (Stroem-
berg Mika, Montreux) or the Hamilton Thorne Motility Analyzer
(Hamilton Thorne Research, Beverly, MA, USA) were developed
as objective methods for quantifiying specific characteristics of
sperm motility (VSL straight line velocity, VCL curvilinear veloci-
ty, VAP average path velocity, LIN linearity, CIR circular motil
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spermatozoa, STR straightness, LHD lateral head displacement).
Malmgren (1997) pointed out that validation of setup and stan-
dardization of measuring procedures are important factors if
motility analysis is carried out using computerized systems. Re-
gardless that computerized systems provide objective and de-
tailed informations Malmgren (1997) requires further research
to compare computerized motility analysis against visual esti-
mation regarding correlation to male fertility.

The relationship beween sperm motility and stallion fertility is
often overestimated. Dowsett and Pattie (1982) found no cor-
relation, whereas Samper et al. (1991), Andersson and Katila
(1992) and Jasko et al. (1992) found positive correlations be-
tween sperm motility and fertility.

Sperm morphology is routinely examined using unstained buf-
fered formol citrate fixation (Hancock 1957) or by using smears
with different stains. In stallions Spermac® (Oettle 1986) and
Eosin-Nigrosin (Dott and Foster 1972) are often used.
Detailed informations about stallion sperm morphology and
sources of origin for different stains are reviewed by Malmgren
(1997) and Magistrini et al. (1997).

Regardless that different classification models and scoring
tables for stallion spermatozoa exist — like ,primary” resp. testi-
cular dependend abnormalities or ,secondary” resp. testicular
independent abnormalities — a minimum of 200 betfter 400
spermatozoa should be examined per stain.

Bielanski (1975), Jasko et al (1990) and Clément et al. (1991)
found a significant inverse relationship between the amount of
sperm abnormalities and stallion fertility.

Morphometric analysis of the sperm head by computer assisted
microscopy is preferably used in specialized laboratories most-
ly using Feulgen or Hematoxylin stains (Davis et al. 1993, Ball
and Mohammed 1995). Software is available by using either
the ASMA- (automated sperm morphology analysis, Hamilton
Thorne Research, Beverly, MA, USA) or SAMBA-TM2005-soft-
ware (Alcatel TITN, Meylan, France).

Recently developed techniques concentrate on structural ab-
normalities of the sperm nucleus which possibly could explain
idiopathic stallion infertility. The sperm chromatin structure as-
say (SCSA) is based on susceptibility of spermatozoal nuclear
DNA to acid denaturation in situ assesed by flow cytometrie
and acridineorange stained spermatozoa. Kenney et al. (1995)
described first that susceptibility of spermatozoal DNA denatu-
ration is increased in subfertile stallions.

Tests to evaluate sperm function consist of the use of fluore-
scent probes, the hypoosmotic swelling test (HOS), sperm filtra-
tion tests and sperm oocyte binding tests.

Fluorescent stains assessed by microscope or flow cytometrie
serve for detection of plasma membrane integrity, acrosomal
status, status of capacitation and mitochondrial activity.
Plasma membrane integrity is controlled using different fluore-
scent probes in stallion semen. Either membrane permeability
and or specific reactions in different compartments of sperma-
tozoa cytosol or specific binding to spermatozoal DNA of the
specific fluorescent probe allows diagnosis of live or dead sper-
matozoa. CFDA (Carboxyfluorescein diacetate) permeates the
intact cell membrane is deesterified in the cytosol by nonspeci-
fic esterases. Free carboxyfluorescein cumulates inside the cell
is nonpermeable and fluoresces green. Additionally CFDA is
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often combined with Propidium iodide (PI) which cannot pene-
trate living cells but binds specifically to cellular DNA followed
by red fluorescence. Harkema and Boyle (1992) introduced the
combination of CFDA/PI, Casey et al. (1993) Hoechst 33258
and Garner and Johnson (1995) SYBR14 in stallion semen.
Sieme et al. (1996) using the dual stain CFDA/PI and Magistri-
ni (1997) as well as Vidament et al. (1998) using SYBR14/PI
found a significant correlation between stallion sperm motfility
and plasma membrane integrity.

The process of capacitation is mainly influenced by influx of
calcium (Leopold 1994) which is measurable with fluorescent
probes like fluo3-AM (Magistrini 1997) or chlortetracyclin (Var-
ner et al. 1987).

Lectins like PSA or PNA bind after membrane permeabilisation
to the outer acrosomal membrane. Conjugation with FITC makes
evaluation of acrosomal status possible (Casey et al. 1993).
Using FITC-PSA Meyers et al. (1995) showed differences be-
tween fertile and subfertile stallions after progesteron-induced
acrosome reaction. Malmgren et al. (1994) introduced indirect
immunfluorescent staining techniques with a monoclonal anti-
body to evaluate acrosomal status of stallion semen. Grondahl
etal (1992) studied acrosomal status of fresh and frozen stalli-
on semen by electron microscopy.

Mitochondrial activity of spermatozoa is evaluated by using the
specific fluorescent stain Rhodamine 123 often in combination
with a viable stain like PI (Casey et al. 1993). ATP content of the
sperm cells was measured using bioluminescence in the stal-
lion by Rodriguez and Bustos-Obregon (1996) and Vidament
etal. (1997).

An important mechanism for live cells is the ability of cell mem-
branes to regulate selective transport of molecules. The hypo-
osmotic swelling test (HOS) allows evaluation of ability of sperm
cells to swell in hypoosmotic media as a result of water influx.
Lagares (1995) and Petzoldt et al. (1996) evaluated the rela-
tionship between HOS and liquid and deep freeze preservation
of stallion spermatozoa. Vidament et al. (1998) demonstrated
that HOS applied immediately after semen collection shows
significant correlations to ATP content and motility of frozen
thawed stallion spermatozoa.

Ability of sperm to migrate through different filtration media
may correlate with viability. Walter (1992) evaluated different
methodes to select stallion spermatozoa (swim-up, percoll, glass-
wool, glasswool/sephadex) and positive correlations between
migration rate and motility as well as percentage of morpholo-
gical normal spermatozoa. Samper et al. (1991) and Hellan-
der (1992) found a better correlation of sperm filtration rate
with GWS 1o fertility than between motility and fertility. The use
of sperm selective media in practical equine A.l. was initiated
by Sieme et al. (1997).

Fertilizing capacity of stallion spermatozoa has been studied by
zona pellucida binding test (Fazeli et al. 1993). Mostly the ho-
mologous hemizona assay (HZA) with two halves of the zona
pellucida of a mares oocyte is used in specialized laboratories.
Either a test or standard suspension of spermatozoa are incu-
bated each with one hemizona and evaluated afterwards. In
the stallion Fazeli et al. (1995) found a significant correlation
between number of spermatozoa bound to hemizona and first
cycle ferfility.
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Seminal plasma modulates multiple functions of spermatozoa
during the different steps of sperm maturation and fertilization
e.g. post festicular maturation of spermatozoa, sperm trans-
port, inferaction with female genitale tract, capacitation, in-
teraction of gametes (Tépfer-Petersen et al. 1998). The major
protein components of seminal plasma of the equine were
examined for their structure and function by Calvete et al. (1994).
Claus et al. (1992) examined their estrogen and PGF2a con-
tents. Reineke et al. (1999) report individual differences in the
specific composition of seminal plasma and its relation to stal-
lion fertility.

Minimal standards

Regarding minimal standards of stallion A.l.-spermatozoa indi-
vidual stallion fertility, preservation techniques, sperm dose, fre-
quency of A.l., timing of A.l. in relation to ovulation and me-
thod of A.l. are main factors limiting equine A.l. practice.

To compare stallion A.l.-programs in different countries sui-
table studies are published for the french system (Magistrini
and Vidament 1999) (Vidament et al. 2000), Northern Europe
(Katila 1999), Eastern Europe (Nagy 1999) and the German
system (Sieme et al. 1999). Klug et al. (1998) published sanita-
ry principles for stallions in Al-programs.

Factors of semen preservation techniques are extenders, dilu-
tion ratio, preparation technique (dilution, centrifugation, al-
ternatives), cooling rate, storage conditions and insemination
volume.

In practice extenders are mostly based on skim-milk (SKM) or
skim-milk-egg yolk (SKME). The pH level and osmolarity should
be compatible to semen (7,0; 300 mOsm/L). Extenders should
be free of particles and well balanced with ions. Regarding
balance of ions esp. relation of sodium and potassium is im-
portant. A lot of membrane protective substances (milk, egg
yolk, BSA, PVA, lipo-proteins, phospholipids, antioxidants) and
metabolizable substances are recommended in several in-vi-
tro-studies; but relation to fertility is lacking in most studies.
Dilution requires a relation semen to extender of @ 1:3 and/or
a sperm concentration after dilution of @ 25x10%/ml. Volume
of the inseminate should not exceed 50 ml.

Transported semen should slowly cool from room temperature
to +5°C (0,05° C/min.) and stored at +5° C on a roller bench
under anaerobic conditions until shipment in adequate contai-
ners (Hueck 1990, Katila et al 1997).

Centrifugation of liquid stallion semen is only indicated for long
time preserved semen especially shipped semen in those stal-
lions where centrifugation elongates life span of spermatozoa.
Success of centrifugation depends on duration (10-15 min.)
and centrifugation force (350-700 x g). Retention of minimum
5 to 20% of seminal plasma in the resuspension is essential
(Ahlemeyer 1991).

Storage of liquid semen at +15° C needs aerobic conditions
as demonstrated by Magistrini et al. (1992). Storage conditions
seem to have important correlations to fertility (Battelier et al
1997). A critical point is if cooling to +5° C is indicated or nof.
New studies from France demonstrate benificial and detrimen-
tal effects of the different compounds of milk (serving as the
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major membrane protective substance in equine semen exten-
ders). Native phophocaseinate was found to be the superior
substance in milk for liquid storage of equine semen. These
authors found significant better fertility with semen extended in
modified Hanks solution with Native Phosphocaseinate (INRA-
96), stored at +15° under aerobic conditions in comparison to
skim milk based INRA-82 extender stored under anaerobic con-
ditions at +5° C (Battelier et al 1997). Further studies should
examine the effect of refrigerator storage in comparison to room
temperature storage for longer periods.

Recommended methods to process stallion liquid semen are
summarized in Table 1.

Tab. 1: Methods to process stallion liquid semen

Methoden der Flissigsamenaufbereitung bei Hengsten

short term mid term long term
dilution,
preparation centrifugation
technique raw dilution (10min., max
700g),
alternatives
ratio: ®1:3 ®1:3
semen: extender @ 25x10¢ @ 25x10¢
sp./ml sp./ml
cooling rate 0,05 C
+ 37%C
storage temp. (>room +150C +50C (+150 C2
temp.)
storogg aerobe anaerobe
conditions
pH~7,0; pH~7,0;
300 mosm., 300 mosm.,
extender ionic balanced, | ionic balanced,
free of particles, | free of particles,
antibiotics antibiotics
time span:
collection > immediately 0A12 h 24736 h
Al
practicability (A) + +

The basic of cryopreservation success is the individual stallion
itself. Frozen semen of stallions is preferably prepared during
the non-breeding season. Sexual rest, individual sperm pro-
duction capacity and hygienic conditions are important factors
preceeding freezing campagne. A depletion of extragonadal
sperm reserves until good sperm quality is established is re-
commended after long sexual rest. Preferable semen collection
interval to prepare frozen semen is 48 hours. Above recom-
mendations should be adapted to the individual stallion. Com-
paring protocols of different countries methods for freezing stal-
lion semen and instructions for insemination mares with frozen-
thawed semen are far from standardized (Samper and Morris

1998). Published procedures are selected and summarized in
Table 2.
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Tab. 2: Methods to process stallion frozen semen

Methoden der Tiefgefriersamenaufbereitung bei Hengsten

Source Packaging | Thawing
Merkt and Krause Pellets warmed thawing
(1966) solution
Aluminium
Tischner (1979) tubes 40" C./ 50 sec.
(20-25 ml)
He (1986) Glass-vials in 20 ml sucrose-milk
© (1 ml) solution
Martin et al. (1979) ?j%:r:if::;f:} 50° C/40 sec.
Loomis et al. (1983) 0,5 ml straw | 38° C/30 sec.

Cochran et al. (1984) 37° C/30 sec. or

75° C/ 7 sec.
Palmer (1984) _
mod.Vidament et 37° C/30 sec.
al.(2000)

75° C/ 7 sec.
H‘Zf;?)cnd e followed by 35° C

10-30 sec.
Waockener et al. S—

(1992)

Despite maijor role of fertility of the individual stallion and role of
preservation techniques it s obvious that sperm dose (see Table
3), frequency of preovulatory inseminations, timing of A.l. in re-
lation to ovulation as well as method of A.l. are important limi-
ting factors. Nevertheless published data concerning interrela-
tionship between these factors are often contradictory (Gahne et
al. 1998, Shore et al. 1998, Squires et al. 1998). Regarding
liquid preserved semen two inseminations containing each
1 x 107 progressively motile spermatozoa given on two consecu-
tive days before ovulation are recommended by Squires ef al.
(1998). Magistrini and Vidament (1999) prefer two preovulatory
inseminations with 200 x 10¢ spermatozoa from stallions of nor-
mal fertility inseminated in a 48 hours interval in the case of
semen stored not longer than 12 hours; semen stored longer

than 12 hours should been inseminated daily until ovulation.
400 x 10¢ fresh spermatozoa is their recommended dose for
subfertile stallions. Gahne et al. (1998) found no difference in
fertility using either 300 or 500 x 10°¢ fresh spermatozoa. Calcu-
lation of sperm doses in the Netherlands is based on percentage
of total morphological normal and motile spermatozoa (TNM)
with 300 TNM for fresh semen and 600 TNM for transported
liquid semen (Parlevliet 1997). In the German routine A.l. prac-
tice a dose of 500 x 10¢ motile spermatozoa is used (Bittelmann
1988, Sieme et al. 1999). To conclude sperm dose for liquid
stallion semen transfered during the day of collection should not
be less than 300 x 10° live spermatozoa; in the case of chilled
transported semen — used 24-36 hours after semen collection —
the double dose is recommended.

In routine practice manual semen transfer into the uterine body
is generally used. If semen is deposited in the uterine horn ip-
silateral to the ovulatory follicle fertility results are improved
(Feo et al. 1992). A new approach is the hysteroscopic insemi-
nation of low numbers of sperms at the uterotubal junction
(Morris et al. 2000).

In the case of frozen semen Pace and Sullivan (1975) observed
significant better fertility results inseminating within 12 hours of
ovulation, by decreasing glycerol level in freezing extender from
7% to 2%, by increasing the number of motile spermatozoa
from 40 x 10% to 80 x 10¢ but not further with 160 x 10° or by
increasing the frequency of inseminations from once to twice
daily. Magistrini and Vidament (1999) found best fertility results
using 400 x 10¢ spermatozoa with a postthaw mofility of min.
35% inseminating twice on two consecutive days in the pre-
ovulatory period; three inseminations led to significant better
fertility than 2 inseminations (Vidament et al. 1997). Using this
technique Vidament et al. (2000) observed a per cycle preg-
nancy rate of 49% (n=4190 cycles). Leipold et al. (1998) re-
commend a total dose of 800 x 10° spermatozoa respectively
320 x 10 motile spermatozoa. Samper (1995) observed better
fertility with frozen stallion semen with increasing sperm doses
until 800 x 10¢spermatozoa. According to Samper and Morris
(1998) frozen stallion semen should be used once and as close
to ovulation as possible. Induction of ovulation by hormonal
intervention could be a helpful tool in handling frozen stallion
semen (Sieme and Klug 1996). Regarding fertility a compara-
tive study between the multiple preovulatory insemination regi-
men (French system) and the single A.l. system preferably in the
preovulatory period (12—6 hours before ovulation) is missing.

Tab. 3: Recommended sperm doses for stallion semen in different countries

Inseminationsdosen fir Hengstsperma in verschiedenen Léndern

Sperm dose (x 10%) Fresh semen (<12h) | Chilled transport. (24A36h) | Frozen semen| Frozen semen quality
France (INRA) 200 400 400 35% motile
TheNetherlands (Utrecht) 300 TNM 600 TNM 300 TNM TNM
Germany (Hannover) 300 progr. mot. 600 progr. mot. 800 35% motile
North. Europe (Upsalla) 500 1.000
USA 500 progr. mot. (1x109) 800 >300 motile
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As long as frozen equine semen is sold on the basis of single
insemination doses good laboratory practice should be a sperm
dose of a total of 800 x 10°spermatozoa with a postthaw mo-
tility of at least 35%.
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