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Summary

This review focuses on the composition of stallion seminal plasma and on its role as a storage medium of spermatozoa, with special refe-
rence to artificial insemination (Al). The stallion ejaculates in 6-9 jets resulting from urethral contractions, and these jets have characteri-
stic volumes, sperm concentrations and composition. Different types of open-ended or closed artificial vaginas (AVs) are available for
semen collection, and ejaculatory jets can be collected separately as a fractionated ejaculate, using an open-ended AV or an automated
phantom (Equidame®). Seminal plasma influences spermatozoa during storage in different ways depending on dilution ratios, duration of
storage and other factors. Beneficial effects have been reported after seminal plasma addition before freezing, but contradictory results
show that short-term exposure (15 min) of sperm to seminal plasma has no effect on sperm motility or viability, and prolonged exposure
(2, 4 or 6 h) to 5 or 20% seminal plasma in the freezing diluent is deleterious. The optimal proportion of seminal plasma for cooled sto-
rage seems to be fairly low. Figures from 0 to 20% have been reported in different studies. There is some evidence that the sperm-rich frac-
tions of the ejaculate would be more suitable for freezing than the whole ejaculate or the sperm-low fractions. Seasonal and individual
variation is seen in the composition and quality of stallion seminal plasma. Research on the biochemical composition of whole and frac-
tionated stallion ejaculates, mainly concerning the levels of enzymes, carbohydrates, lipids, electrolytes and minerals, and compounds
involved in the protection of sperm from oxidative damage is reviewed.
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Zusammensetzung des Seminalplasmas beim Hengst und dessen Einfluss auf die Spermien

Dieser Ubersichtsartikel befasst sich mit der Zusammensetzung des Seminalplasmas beim Hengst und dessen Bedeutung als Komponente
in konserviertem Sperma unter besonderer Beriicksichtigung der praktischen Anforderungen in der equinen Samenibertragung. Mithilfe
urethraler Kontraktionen erfolgt die Ejakulation beim Hengst in 6-9 Fraktionen; diese Fraktionen unterscheiden sich hinsichtlich des Volu-
mens, der Spermienkonzentration und der Zusammensetzung. Verschiedene Typen (geschlossene und offene Modelle) kiinstlicher Vaginen
werden zur Samengewinnung eingesetzt. Die verschiedenen Ejakulatfraktionen kénnen manuell - mit offenem Scheidenmodell — oder mit-
hilfe eines automatisierten Phantoms (Equidame®) separat gewonnen werden. Seminalplasma beeinflusst die Spermien wédhrend der Lage-
rung in Abhangigkeit vom Verdinnungsgrad, der Lagerungsdauer und weiteren Faktoren. Positive Effekte auf die Spermaqualitét wurden
durch Seminalplasmazugabe vor der Tiefgefrierung des Samens erzielt; im Gegensatz dazu wird jedoch beschrieben, dass eine kurzzeitige
Exposition (15 Min.) von Spermien mit Seminalplasma keine Effekte auf Spermienmotilitét und —viabilitét bedingt, eine prolongierte Expo-
sition (2, 4 oder 6 Std.) von 5-20% Seminalplasmaanteil im Gefrierverdiinner jedoch die Spermaqualitét negativ beeintréchtigt. Die opti-
male Seminalplasmakonzentration fir die gekihlte Lagerung flissigkonservierten Hengstspermas scheint ziemlich niedrig zu sein, wobei in
der Literatur die Angaben zwischen 0-20% schwanken. Fir die Samentiefgefrierung sind die spermienreichen Fraktionen des Hengstejaku-
lates im Vergleich zum Gesamtejakulat oder den spermienarmen Fraktionen wahrscheinlich besser geeignet. Saisonale und individuelle
Variationen in der Zusammensetzung und Qualitét equinen Seminalplasmas sind besonders hervorzuheben. Forschungsarbeiten zur bio-
chemischen Zusammensetzung anhand vollsténdig und fraktioniert gewonnener Hengstejakulate werden hinsichtlich der Gehalte an Enzy-
men, Carbohydraten, Lipiden, Elektrolyten und Mineralien aufgefihrt; des weiteren werden die Faktoren und Mechanismen von Spermien
zum Schutz vor oxidativem Stress erlgutert.

Schlusselwérter: Pferd, Reproduktion, Seminalplasma, Spermatozoen, Kryokonservierung, gekihlter Samen

Introduction

Seminal plasma is secreted by the accessory sex glands and
mixed with spermatozoa during ejaculation. Seminal fluid is a
vehicle that is needed for the movement of spermatozoa in
the genital tracts of the male and female. This fluid is a com-
plex mixture of proteins, ions and organic substances of low
molecular weight, such as free amino acids, monosacchari-
des, lipids, polyamines, prostaglandins and steroid hormo-
nes. Probably more important than components in the fluid
are the seminal plasma derived proteins that attach to sperm
cell membranes. Seminal plasma facilitates transport, protec-
tion and nutrition of spermatozoa in the female genital tract.
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Seminal factors exert negative and positive regulation in
sperm capacitation, acrosome reaction and gamete inferac-
tion (Topfer-Petersen et al. 1998). This review focuses on the
composition of stallion seminal plasma and on its role as a
storage medium of spermatozoa with special reference to
artificial insemination (Al).

Ejaculation of the stallion

The ejaculation is preceded by the dripping of clear pre-ejacu-
latory fluid from the urethra during the intromission and copu-
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latory movements. The stallion ejaculates in 6-9 jets resulting
from the contractions of the urethra. The first three jets contain
%, of total sperm numbers, and therefore, the term sperm-rich
is used for the first part of the ejaculate. Semen volume, sperm
concentration and concentrations of many substances decrea-
se towards the end of the ejaculation (Kosiniak 1975).

Magistrini et al. (2000) used an automated semen collection
device to collect fractionated ejaculates (Lindeberg et al.
1999) and 1" magnetic resonance spectroscopy to quantify
molecules defined as markers of sex gland secretions. Carni-
tine, glycerylphosphorylcholine and choline were markers for
the epididymes, N-acetyl function of glycoproteins and sper-
mine for ampullae, acetic acid for the bulbourethral glands
and citric acid for seminal vesicles. Lactic acid is the main
component of the prostate secretions (Magistrini et al. 1995),
but it was not included in the analysis. Secretions from the
epididymes and ampullae were associated with the sperm-
rich fractions, and seminal vesicle secretions appeared during
the last fractions. Acetic acid concentration did not differ bet-
ween the fractions, which suggests that it was not a specific
marker for bulbourethral glands.

Semen collection in stallions

Semen is usually collected by an artificial vagina (AV) alt-
hough manual manipulation is also possible. There are two
types of AVs: in open-ended ones semen is collected directly
from the urethra into a receptacle, whereas in closed models
semen is directed into a collection bottle attached to the end
of the AV. Closed AVs are routinely used in stud farms, and
the most common models are the Missouri, Colorado, Han-
nover and Nishikawa models (Love 1992).

The open-ended AV (Krakow model) allows the collection of
individual ejaculatory jets (Tischner et al. 1974). It can also
be used to separate the first sperm-rich jets from the last jets
with low sperm concentration. This method is preferred for
stallions with low sperm concentration to avoid centrifugation
of semen. Low concentration is a problem in cooled fresh
semen storage, because adequate dilution of semen (1:4 =
semen:extender) would result in too low sperm concentrations

(<20 x 10¢/ml) (Varner et al. 1987).

The fractionation achieved using an open-ended AV was furt-
her developed in a computer-assisted phantom (Equidame®),
which is equipped with a detachable open-ended AV, metal-
lic funnel, and a semen collection tray. The tray houses 5 pla-
stic cups, the semen volumes of which can be set to 10, 20,
30 or 40 ml. The computer-controlled tray moves horizontal-
ly and collects semen into the cups during ejaculation (Linde-
berg et al. 1999). The fractions collected are not necessarily
the same as the ejaculatory jets, because the tray moves when
the predetermined weight of the cup is achieved (Fig. 1). Frac-
tionated ejaculates allow biochemical and functional analy-
ses of different parts of the ejaculate (Kareskoski et al. 2005).

Role of seminal plasma in semen storage

Cooled storage of fresh semen requires addition of exten-
ders, most commonly skim milk based extenders, that pro-
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tect spermatozoa from cold shock and provide buffering
and nutrients for sperm. Dilution of semen with extender
decreases the proportion of seminal plasma, which is bene-
ficial for storage. It is known that the presence of 40-50%
seminal plasma during storage for 24-48 h is defrimental to
sperm motility (Jasko et al. 1991, Pruitt et al. 1993). A pro-
portion of 20% seminal plasma (dilution ratio of
semen:extender of 1:4) did not have negative effects on

Fig 1 A typical fractionated semen collection with the Equida-
me® phantom. Cup 1 contains pre-ejaculatory fluid, cups 2 and
3 sperm-rich fractions and cups 4 and 5 low-sperm fractions with
possible gel.

Typische fraktionierte Samengewinnung mit dem Equidame®-
Phantom. Cup 1 enthélt das préejakulatorische Sekret, Cup 2 und
Cup 3 die spermienreichen und Cup 4 und 5 die spermienarmen
Fraktionen mit méglichem Gel.

sperm characteristics during storage for 24 or 48 h in the
experiments of Jasko et al. (1992) and Rigby et al. (2001),
but others have reported seminal plasma concentrations of
<10% to be superior to 20% during storage for 48 h (Pal-
mer 1984, Pruitt et al. 1993). The optimal seminal plasma
concentration may be even lower than that; Todd et al.
(2001) found higher progressive sperm motility after 24 and
48 h of cooled storage in the samples that contained 1.25
or 2.5% of seminal plasma than in samples containing
10%.

In many studies, centrifugation of semen, removal of super-
natant and subsequent resuspension into skim milk extender
have improved sperm motility as compared to non-centrifu-
ged samples (Palmer 1984, Jasko et al. 1991, Pruitt et al.
1993, Langkammer 1994, Sieme et al. 2001, Todd et al.
2001), but in some other studies the total removal of semi-
nal plasma and replacement with skim milk extender has
decreased motility after 24-h storage (Padilla and Foote
1991, Jasko et al. 1992, Rigby et al. 2001, Kareskoski et al.
2006). If all seminal plasma is removed, skim milk is not a
suitable extender. Addition of a modified high-potassium
Tyrode’s medium to skim milk extender during cooled stora-
ge of 224 h in the fotal absence of seminal plasma has yiel-
ded good sperm motility; but if any seminal plasma is left,
skim milk alone is better than addition of Tyrode’s medium
(Padilla and Foote 1991, Webb and Arns 1995, Rigby et al.
2001). The effect of seminal plasma during storage may also
depend on the temperature; 5° C, room temperature and
40° C have given different results (Wéckener et al. 1990,
Sieme et al. 2001).
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Since the majority of spermatozoa are in the first ejaculatory
jets and a large proportion of seminal plasma lowers motility
during cooled storage, the first sperm-rich part of the ejacula-
te has been processed for storage and the last sperm-low part
discarded. Varner et al. (1987) demonstrated higher sperm
motility after cooled storage of 12 or 24 h in the sperm-rich
part than in the whole ejaculate. Similarly, Langkammer (1994)
reported higher loss in sperm motility after cooled storage of
24 or 72 h in the whole ejaculate collected by Missouri AV
than in the sperm-rich part collected by Krakow AV. However,
centrifugation of the whole ejaculate as well as of the sperm-
rich part further improved sperm motility during storage.

Contrasting results were reported by Katila et al. (2006). Per-
centage of spermatozoa with intact plasma membranes and
all of the studied motility characteristics of spermatozoa,
except total motility, were significantly higher for spermatozoa
in sperm-poor seminal plasma than in sperm-rich seminal
plasma after cooled storage of 24 h. Conflicting results can
perhaps be explained by different division of ejaculates into
sperm-rich and sperm-poor parts.

Kareskoski et al. (2006) attempted to separate pre-ejaculato-
ry fluid (Cup 1) from the first sperm-rich fraction). The sperm-
rich part was fractionated into two separate cups (Cups 2 and
3). The sperm-low part was collected into Cup 4 and the
whole ejaculate was obtained by taking the same proportion
from all cups. No significant differences in motility or viabili-
ty between cups or the whole ejaculate were observed after
cooled storage of 24 h. Although no significant differences
between cups were detected by Katila et al. (2004), sperm
motility values were higher in Cup 3 (the last part of the
sperm-rich fraction). The number of stallions in these two stu-
dies was only four, and therefore statistical significance diffi-
cult to reach. In the boar, spermatozoa in the last part of the
ejaculate seem to be less sensitive to the stress during stora-
ge (Pena et al. 2003). Further studies are needed in the stal-
lion, but at this point in time it seems that differences between
stallions are more pronounced than differences between eja-
culatory fractions.

Seasonal and individual variations in seminal plasma
composition and quality

Horses are seasonal breeders. Not only is the reproduction of
mares affected by season but also that of the stallions. Seaso-
nal effects on seminal plasma seem to be more pronounced
than on sperm characteristics (Gebauer et al. 1976). The sea-
sonal differences in the seminal plasma composition of stal-
lions (Abou-Ahmed et al. 1993) are probably caused by chan-
ges in sex steroid levels of stallions, which have been shown to
exhibit seasonal variation both in blood and seminal plasma
(Braun et al. 1996, Hoffmann and Landeck 1999).

The hormonal balance of a stallion can change in diseases,
during hard training and racing (Janett et al. 2005), and medi-
cation. As a result, semen quality including spermatozoa and
the composition and functional capacity of seminal plasma can
become different. E.g. dexamethasone treatment of stallions
increased fotal protein and iron concentrations of seminal plas-
ma but decreased alkaline phosphatase levels (Danek 2001).
Stallions exhibit major differences in semen quality. This is
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mostly due to differing quality of spermatozoa, but also the
quality of seminal plasma can vary. Aurich et al. (1996) added
30% of seminal plasma from stallions with high post-thaw
sperm motility fo ejaculates with low motility and vice versa
before freezing of semen. “Good” seminal plasma increased
progressive motility and membrane integrity of sperm post-
thawing, whereas “bad” seminal plasma decreased motility.
Katila et al. (2004) noted that exchange of seminal plasma
between stallions changed motility parameters and the per-
centage of viable cells in some ejaculate fractions for one pair
of stallions after 24-h cooled storage of fresh semen. On the
other hand, addition of homologous vs. heterologous seminal
plasma fo cooled semen did not make a difference in sperm
motility at 24 or 48 h (Todd et al. 2001).

Brinsko et al. (2000) had two types of stallions in their study:
“good coolers” and “bad coolers”. The difference between the
two was the reduction in progressive sperm motility after 24 h
of cooling, =30% and 240%, respectively. Centrifugation and
partial removal of seminal plasma (90%) increased the per-
centage of progressively motile spermatozoa of “bad coolers”
after 48 h of cooling. At 24 h the effect was not so obvious. The
authors concluded that components of seminal plasma adver-
sely affect sperm motion characteristics after cooling and sto-
rage and that these effects are independent of their concentra-
tion. Some stallions will benefit from centrifugation and semi-
nal plasma removal, especially if the semen is stored >24 h.

Biochemical components of seminal plasma

This review focuses on compounds studied in stallion seminal
plasma. Compared to other species and humans, limited
data is available on the stallion, and therefore research on
other mammalian species is also discussed. It is well known
that variation exists both between different individuals (Amann
et al. 1987) and different species (Aumiller et al. 1990, Mas-
sanyi et al. 2003); extrapolations between species are not
always meaningful. Although seminal plasma proteins are an
essential part of seminal plasma and have received a sub-
stantial amount of atftention in recent publications, they are
not included in this review.

Carbohydrates and lipids

The amount of carbohydrates in stallion seminal plasma (after
gel removal) is considerably lower than in bull semen
(Gebauer et al. 1976). Of the free carbohydrates, some
inositol and glucose are found in stallion seminal plasma, but
only negligible amounts of fructose and no galactose. Galac-
tose is the main type of bound carbohydrate in stallion semi-
nal plasma, but also glucose, mannose and fucose are detec-
ted (Baronos et al. 1971). Stallion spermatozoa are not effec-
tive in using fructose anaerobically (Mann et al. 1963). The
carbohydrate elements in glycoproteins and glycopeptides,
along with lipids in the sperm membrane, have been a more
frequently studied subject than free carbohydrates and lipids.
Cholesterol is the main sterol in sperm membranes of the
boar, bull, stallion and rooster, and choline and ethanolami-
ne phosphoglycerides and sphingomyelin are the major types
of phospholipids (Parks and Lynch 1992). Stallion semen also
contains prostasome-like particles with a characteristic lipid
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profile and high amounts of cholesterol and sphingomyelin
(Arienti et al. 1998). These membrane vesicles are found
mainly in the sperm-rich part of the ejaculate, but their origin
and function are not known (El-Hajj Ghaoui et al. 2004).

Sodium, chloride and potassium

Much remains to be elucidated about the regulation of pH
and the ion contfent of spermatozoa and their environment.
The internal pH of spermatozoa, which changes during capa-
citation, is highly dependent on the pH outside the cell,
because sperm have only limited regulatory mechanisms
(reviewed by Hamamah and Gatti 1998). Concentrations of
sodium, potassium and chloride vary significantly between
stallions (Amann et al. 1987). Pre-sperm fluid contains the
highest concentrations of chloride, and the last parts of the
ejaculate have higher chloride content than the sperm-rich
fractions. No differences are seen in sodium or potassium
concentrations between ejaculatory fractions (Kareskoski et
al. 2005). The addition of potassium to semen extenders
improves mofility of stallion (Padilla and Foote 1991) and
human sperm (Karow et al. 1992), but Rossato et al. (2002)
found no correlation between the ionic composition and the
osmolarity of human seminal plasma. Intracellular concen-
trations of potassium are higher than those of seminal plas-
ma, and therefore potassium levels are linked to sperm con-
centration. In sheep, increasing potassium levels are negati-
vely correlated to progressive motility, while the reverse is true
for sodium and chloride (Abdel-Rahman et al. 2000).

Calcium, magnesium and phosphate

In a study by Barrier-Battut et al. (2002), variation in the con-
centrations of calcium, magnesium, copper and zinc in stal-
lion seminal plasma did not affect freezability. Pre-sperm flu-
id and the first sperm-rich fraction contain low levels of cal-
cium and magnesium, while the first sperm-rich fraction has
high phosphate concentrations (Kareskoski et al. 2005). In
sheep ejaculates, intracellular calcium and magnesium con-
centrations were higher than in seminal plasma as opposed
to phosphate levels. Furthermore, lower values of progressive
motility were correlated to increasing levels of calcium and
decreasing magnesium and phosphate concentrations
(Abdel-Rahman et al. 2000). In contrast, post-thaw mofility
values in bull semen increased when MgCl, was added to the
freezing extender (Lapointe et al. 1996), which may indicate
substantial variation between species. Another explanation is
that perhaps the effect of ions on motility is altered during sto-
rage. Calcium is involved in many events in the reproductive
tract of both the stallion and the mare. Spontaneous acroso-
me reactions were associated with increased concentrations
of ionized calcium in stallion seminal plasma (Pesch 2005).
Extracellular calcium regulates sperm capacitation (Baker et
al. 2004) and hyperactivation (Marquez and Suarez 2004),
which has been shown in human semen.

Zinc, copper and iron

The concentrations of copper and zinc, but not iron, in stal-
lion seminal plasma differed between semen samples of nor-
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mal and poor quality (Pesch 2005). The same study found a
significant correlation between fertility and the concentration
of zinc in summer and late autumn, but not in spring. Mas-
sanyi et al. (2003) studied seminal concentrations of various
trace elements in several animal species. Zinc and iron levels
were positively correlated in stallion and bull semen. Boar
semen contained more zinc than semen from stallions or
bulls. In addition, copper and iron concentrations were hig-
her in ram semen compared with stallions and boars. Sperm-
chromatin stability in human ejaculates is zinc-dependent and
zinc levels can affect pregnancy rates (as reviewed by Bjérn-
dahl and Kvist 2003). In human semen samples, high zinc
concentrations were associated with a decrease in progressi-
ve motility, but zinc concentrations did not affect time to preg-
nancy (Sorensen et al. 1999).

Seminal plasma enzymes

Several enzymes have been identified in stallion seminal
plasma, and effort has been put into finding correlations bet-
ween certain enzyme activities and semen quality. Studies
have also focused on determining the origin of the identified
enzymes in the reproductive organs, but in most cases the
physiological function of these compounds remains unclear.
In canine semen, levels of acid phosphatase (ACP) activity
reflect prostate function (James et al. 1979), but in the stal-
lion, studies on this enzyme have so far been limited to epi-
didymal tissue (Lopez et al. 1989). Alkaline phosphatase
(AP) activity seems to be derived mainly from the testis and
epididymis and thus AP and ACP are positively correlated to
the sperm count and negatively to semen volume (Pesch
2005). In fractionated stallion ejaculates, ACP levels were
highest in the first sperm-rich fraction, while there were no
differences in AP levels between fractions (Kareskoski et al.
2005). AP and perhaps also ACP can be used to verify eja-
culation and tubular patency in stallions (Turner and McDon-
nell 2003, Pesch 2005).

Levels of B-glucuronidase (BGase) vary between different
fractions of stallion ejaculates, and the highest levels have
been found in the first sperm-rich fraction (Kareskoski et al.
2005). Dias et al. (2004) identified a-1,4-glucosidase acti-
vity in stallion seminal plasma and epididymis with increa-
sing activity from the proximal caput to the cauda. Among
these seminal plasma glycosidases, at least BGase and N-
acetyl-B-D-glucosaminidase (NAGase) bind with high affini-
ty to the sperm surface and may play a part in modifying the
sperm surface before fertilization (Barbieri et al. 1996) and
cause dispersion of the cumulus oophorus cells (Rethinas-
wamy et al. 1994). Levels of a-galactosidase, B-galactosi-
dase and NAGase have been shown to differ significantly
between infertile men with oligo-astheno-teratozoospermia
and fertile controls (Corrales et al. 2000). As these glycosi-
dases presumably play important roles during sperm matu-
ration and fertilization, differences in their levels may be
associated with functional sperm defects (Corrales et al.
2002). In the bull, low sperm concentrations and abnormal
morphology have been associated with decreased levels of
glycosidases derived from the epididymis or spermatozoa,
such as NAGase, a-fucosidase, pB-galactosidase, BGase

and neutral a-mannosidase (Jauhianen and Vanha-Perttula
1987).
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Lipase activity has been demonstrated in stallion seminal
plasma and it decreases sperm motility in a dose-dependent
manner (Carver and Ball 2002). Among other enzymes stu-
died in equine seminal plasma are the carbonic anhydrase
isoenzymes (CA-I, CA-ll and CA-lll) that are assumed to
regulate the bicarbonate concentration, and thus, the pH of
seminal plasma. Activities of CA-l, CA-lIl and CA-lll were
detected in the seminal vesicles, prostate and bulbourethral
glands (Asari et al. 1996). Angiotensin-converting enzyme
(ACE) has been found in the plasma membranes of ejacula-
ted and epididymal spermatozoa and in post-pubertal testes.
Angiotensin Il influenced some sperm motility parameters,
such as average path velocity and curvilinear velocity, but
not the percentage of motile sperm (Ball et al. 2003). In the
thesis of Pesch (2005), activities of lactate dehydrogenase,
aspartate aminotransferase, glutamate dehydrogenase,
gamma-glutamyliransferase and creatine kinase were mea-
sured in stallion seminal plasma and their effect on sperm
quality assessed. Of the enzymes studied, only lactate dehy-
rogenase was correlated to motility, sperm count and volu-
me. Platelet-activating factor (PAF) acetylhydrolase activity
has also been detected in the semen of several mammalian
species including the stallion. Sperm-derived PAF stimulates
sperm motility and is involved in capacitation, and the PAF
acetylhydrolase was suggested as its inhibitor (Hough and
Parks 1994).

Proteolytic enzymes of the matrix-metalloproteinase (MMP)
family have been studied in many tissues and secretions,
including the seminal plasma of humans and a few animal
species. Métayer et al. (2002) characterized proteinases and
proteinase inhibitors from different regions of the epididymis
in rams, boars and stallions. One of the main metalloprot-
einases from the caput epididymis of the ram and stallion was
identified as the pro-form of MMP-2. MMP-3 and MMP-9 and
proteinase inhibitors were found in epididymal fluids of all
three species. The two gelatinases MMP-2 and MMP-9 and
their pro-forms are present in human seminal plasma (Shi-
mokawa et al. 2002). In humans, MMP levels and profiles are
correlated with semen characteristics such as sperm concen-
tration, sperm morphology and motility (Baumgart et al.
2002, Buchman-Shaked et al. 2002).

Sperm protection from oxidative damage

Catalase, glutathione peroxidase (GPX) and superoxide dis-
mutase (SOD) protect spermatozoa from oxidative damage
caused by the production of reactive oxygen species (ROS).
Cryodamaged or morphologically abnormal sperm, and also
neutrophils, are significant sources of ROS (Ball et al. 2001,
Baumber et al. 2002). Hydrogen peroxide is the main ROS
that can harm spermatozoa during storage; ROS lower moti-
lity values (Baumber et al. 2000) and cause DNA fragmenta-
tion (Baumber et al. 2003) and membrane damage of sper-
matozoa due to lipid peroxidation (Ball et al. 2000). Variation
between species in sperm membrane composition may be
related to the cold shock sensitivity of sperm (Parks and Lynch
1992). Some of the decrease in motility after exposure to
ROS can be spontaneously reversed in 6 to 24 hours becau-
se of endogenous repair mechanisms (De Lamirande and
Gagnon 1992). The ROS production may have a physiologi-
cal role as it promotes capacitation and tyrosine phosphory-

198

lation (Baumber et al. 2003), which is involved in the signal-
ling pathway controlling capacitation and the acrosome reac-
tion (Leyton et al. 1992). In a review, Griveau and le Lannou
(1997) concluded that small amounts of ROS are needed for
normal sperm function, but excessive ROS production is high-
ly toxic to sperm. ROS levels detected in the semen of inferti-
le men are more likely to be caused by increased ROS pro-
duction rather than a decreased ROS scavenging capacity
(Zini et al. 1993).

The highest levels of catalase activity in the reproductive tract
of the stallion are found in the prostate gland (Ball et al.
2000). Catalase is found in high amounts in all fractions of
the ejaculate except for the pre-sperm fluid (Koskinen et al.
2002), which could indicate that the prostate contributes to
several ejaculatory fractions or that catalase originates also
in other glands. GPX is one of the major protein compounds
secreted in the epididymis of the stallion (Fouchécourt et al.
2000) and the testes and sperm from the cauda epididymis
contain more GPX activity than other reproductive fissues.
Enzymatic protection against oxidative damage is mainly due
to seminal plasma, because of limited GPX- and SOD-like
activity of the spermatozoa (Baumber and Ball 2005). Despi-
te an apparent physiological function of these enzymes,
adding antioxidant to the freezing extender does not seem to
improve sperm survival during storage (Baumber et al.

2005).
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