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Katila, T.: In vitro evaluation of frozen-thawed stallion semen. A review. Acta vet.
scand. 2000, 42, 201-217. — The article reviews methods used for in vitro evaluation of
sperm, with particular emphasis on frozen-thawed stallion sperm. The techniques, lim-
itations of the methods and correlations with fertility results are discussed. Very few
studies have tried to find correlation between fertility of frozen stallion semen and lab-
oratory tests. It is difficult and expensive to inseminate an adequate number of mares to
achieve statistically significant differences. Significant, but low correlations have been
demonstrated between the foaling rate and subjective motility of sperm incubated for 2
h and 4 h at 37°C and hypoosmotic swelling test after 0 and 3 h of incubation. Signifi-
cant correlations have been reported between the pregnancy rate and viability of pro-
pidium iodide-stained sperm assessed by flow cytometry as well as for glass wool and
Sephadex filtration tests. No correlations have been detected between fertility and motil-
ity immediately after thawing. In spite of that, motility estimation by light microscope
is the most commonly used method to evaluate frozen-thawed stallion sperm. Computer
assisted automatic sperm analyzers have replaced light microscopy in research projects,
but so far nobody has been able to demonstrate a correlation between fertility of frozen
stallion semen and any of the motility parameters obtained by these instruments.
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and methods for individual stallions (Mennick
1997, Loomis 1999).

Introduction
There is considerable variation between indi-

vidual stallions in how well their semen retains
its fertilizing capacity after freezing and thaw-
ing. It has been estimated that only 20% of fer-
tile stallions produce sperm that survive well
the freezing and thawing processes (Tischner
1979). Although our knowledge and techniques
have improved within the last 20 years, a con-
siderable proportion of stallions are still not
suitable for semen freezing. About 50% of ex-
amined French stallions showed poor freezabil-
ity of sperm (Vidament et al. 1997). However,
according to Mennick (1997), stallions which
have passed the breeding health examination
hardly ever are truly ’poor freezers”. It is only
a matter of finding suitable freezing extenders

Development of freezing methods requires in
vitro tests that correlate with in vivo fertility,
but controlled breeding trials with an adequate
number of horses are extremely expensive
(Loomis 1999). Amann (1989) gives a good
example: if we inseminate 10 mares, with the
95% confidence interval for the “true fertility”
of 50%, the stallion’s "observed fertility” would
be between 15% and 85%! Similarly, assuming
a “true fertility” of 50%, the 95% confidence
interval for the “observed fertility” based on
100 inseminations is 40% to 60%, and 47% to
53% if based on 1000 inseminations. It is hard
to imagine that we could have hundreds of
mares in frozen semen insemination trials.
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With the increasing international trade and
commercial use of frozen semen, the unaccept-
ably poor pregnancy rates cause considerable
frustration and economic losses in the equine
breeding industry (Boyle 1996). The slow
progress in the development of freezing tech-
niques for equine semen is partly explained by
the lack of reliable laboratory methods. Some
in vitro methods work reasonably well in the as-
sessment of fresh semen, the best example be-
ing motility evaluation. In spite of its limited
applicability, motility is the most commonly
used parameter in the evaluation of frozen-
thawed semen, in both laboratories and stud-
farms, because it is easily accessible and quick
to perform. It is generally agreed that tests other
than in vitro motility could be important for
predicting fertility. Numerous promising assays
have been reported in the literature but few have
found their way into commercial semen freez-
ing laboratories (Loomis 1999). A combination
of laboratory tests should enable better assess-
ment of the fertility potential of cryopreserved
stallion semen (Blach et al. 1989).

Motility

Sperm motility is important because it is read-
ily identifiable and reflects several essential
aspects of sperm metabolism. Therefore, motil-
ity should be evaluated together with other pa-
rameters when estimating the fertilizing poten-
tial of spermatozoa. Usually total motility (any
type of motility) and progressive motility (sper-
matozoa moving actively forward) are esti-
mated as percentages. Motility can also be de-
scribed as circling, oscillating and serpentine
(Kenney et al. 1983). Often also the speed of
spermatozoal motion is assessed. If semen is
exposed to low temperatures or it dries on the
slide, motility diminishes rapidly.

Stallion spermatozoa have some species-spe-
cific characteristics: an asymmetrical head, an
abaxial position of the tail, an acrosome of
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small volume and the presence of microtubules
in the neck (Bielanski & Kaczmarski 1979).
The large, circular motion of normal sperm is
due to a high incidence of abaxial connections
between the sperm head and neck (Kenney et al.
1983). Estimating only the progressive motility
may underestimate good motility of some stal-
lions.

Light microscopy

To obtain an accurate estimate, environmental
conditions should be standardized and optimal
for semen. All equipment should be clean
(preferably disposable) and before use, kept at
body temperature by storing in an incubator. If
the semen sample is too thick, spermatozoa are
in layers and motility cannot be reliably esti-
mated. Samples of a higher concentration are
usually judged by the human eye as having
higher motility (Jasko 1992). Semen should be
extended to (25 to 50) x 10® spermatozoa/ml,
but not with a diluent that influences motility.
Temperature of the slide should be controlled
(+37°C) by using a stage warmer on a phase-
contrast microscope, the depth of suspension
on the slide should be standardized and multi-
ple fields near the centre of the slide examined.
Motility at the edges declines more rapidly than
in the centre as a result of drying and exposure
to air. (Jasko 1992). The light microscopic eval-
uation does not require expensive equipment
and is easy to perform. However, the greatest
variation is caused by a variation between ex-
aminers, since the evaluation is subjective and
requires experience.

When fresh stallion semen was subjectively
evaluated, low correlations were found between
fertility and the percentage of motile (r = 0.40)
and progressively motile (r = 0.46) spermato-
zoa (Jasko et al. 1992). The number of mares
inseminated with frozen semen has, in most ex-
periments, been so small that statistical evalua-
tion of the data has not been feasible. This may
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be one reason why very little published data ex-
ist on the correlation of motility evaluated by
light microscopy and fertility of frozen-thawed
stallion semen. In a study where 177 mares ( on
average 19 mares/stallion; min 6, max 51) were
inseminated with frozen semen from 9 stal-
lions, the correlation coefficient of the visually
estimated percentage of motile cells to the first-
cycle pregnancy rate was only 0.32 (Samper et
al. 1991). Good motility of frozen-thawed se-
men was a poor indicator for pregnancy rates in
pigs (Hammitt et al. 1989). Similarly, in the
horse, the percentage of progressively motile,
post-thaw spermatozoa is considered to be a
poor predictor of pregnancy rates in mares
(Pickett et al. 1987, Squires et al. 1987, Bataille
et al. 1990, Wilhelm et al. 1996). Female geni-
tal fluids exert an influence on sperm motility.
Some sperm that are immotile in vitro might re-
gain motility in vivo, and vice versa (Blach et
al. 1989). A very low motility would probably
be an indication not to use the semen, but a
good motility does not necessarily indicate that
the fertilizing capacity of spermatozoa has been
maintained.

Computer-aided sperm analysis (CASA)

Subjective visual evaluation of motility is prone
to human error and bias. Therefore, objective
methods have been developed. Methods based
on microscopic images include time-lapse pho-
tomicrography (van Huffel et al. 1985), multi-
ple-exposure photomicrography, frame-by-
frame playback videomicrography and cine-
matography (7ischner 1979), whereas tur-
bidimetry, spectrophotometry and laser
Doppler technology are based on physical prin-
ciples (Comhaire et al. 1992). Because pho-
tographs are tedious to analyse, computer-as-
sisted technologies were the next step in the
development of automated motility analysis.
Due to the high cost of the instrument, comput-
erized sperm image analysis systems are used

primarily for research applications. The first
systems available were the CellSoft Automated
Semen Analyser and the Hamilton Thorn
Motility Analyzer (HTM), others have since
been introduced to the market.

Video images for computerized sperm motion
analysis are obtained from viewing fields of
motile sperm using a microscope. A set number
(usually 20 to 30) of successive video frames is
analysed at a constant rate, typically 30-60
frames per second. When all frames for a given
field have been analysed, computer algorithms
are used to distinquish sperm from non-sperm
objects and to reconstruct sperm tracks (Jasko
1992). Each sperm is classified as either motile
or nonmotile, and the concentration of both is
calculated. Motility data is further character-
ized as follows: mean curvilinear velocity
(VCL), path velocity (VAP), mean straight-line
velocity (VSL), straightness (STR = VSL/
VAP), linearity (LIN = VSL/VCL), percentages
of total motility (MOT), progressive motility
(PMOT), amplitude of lateral head displace-
ment (ALH) and beat cross frequency (BCF).
The newest models also provide morphological
measurements for certain species, although
limited to sperm head morphology. Automated
morphology systems have been validated for
human sperm but not for horse. What all these
specific motility characteristics tell us about the
quality of fresh or frozen stallion semen is
somewhat unclear because standard values
have not been defined for normal or abnormal
sperm motion. No international standardization
in equipment settings has yet been imple-
mented. The selection of gates, minimum and
maximum values for head size and brightness,
minimal velocities, straightness, frame rate,
etc. influence results accordingly, and thus, do
not allow comparison of results between labo-
ratories. There is an urgent need for users of
CASA to agree on standard analysis parameters
within a given species.
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In the analysis of frozen semen, particularly,
non-spermatozoal particles (e.g. egg yolk) can
mistakenly be identified as spermatozoa, caus-
ing “background noise”. As a result, not only
will the sperm concentration be overestimated,
but the proportion of motile spermatozoa will
be miscalculated (Comhaire et al. 1992). The
effect of egg yolk particles on many motion
characteristics has been shown by Ziegler
(1991). If thawed semen is greatly diluted with
a clear extender, the number of egg yolk parti-
cles and the concentration of viscous glycerol
decrease. Varner et al. (1991a) used nonfat dry
milk-glucose extender to dilute frozen-thawed
semen samples before CASA evaluation. One
approach to analysing frozen semen is to use
clarified freezing extender which is prepared by
centrifuging egg yolk with extender at 10000 x
g for 15 min. The supernatant including the
lipid on the surface is then mixed with the
freezing extender (Burns & Reasner 1995). Fil-
tering of extender through a 0.2-ym membrane
filter removes larger particles that could inter-
fere with measurements (Budworth et al. 1988).
Recently, fluorescence dyes that do not affect
motility (Hoechst 33342) have been used to dif-
ferentiate sperm cells from egg yolk particles in
CASA systems equipped with the epifluores-
cent illumination (Hamilton Thorne IVOS)
(Farrell et al. 1996).

The maximum sperm concentration in CASA-
systems is usually 50 x 10%ml. A dilution of
stallion semen to 25 x 10%ml has been recom-
mended (Varner et al. 1991a). Varner et al.
(1991a) used Makler-chambers and videotaped
the semen samples. This considerably shortens
the time that semen samples have to stand in the
Makler-chamber as compared to performing
the analyses right away. Sperm dries quickly in
a Makler-chamber at 37°C which is a problem
in the older, slower, analyzers, but the newest
CASA-instruments are able to analyse 400 cells
in 2 min. In the study of Varner et al. (1991a),
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the most highly variable component was field
within chamber. They recommended that 3
chambers/ejaculate and 3 fields/chamber be
evaluated which would yield a mean spermato-
zoal number of approximately 500 evaluated
per sample.

No significant correlations were found when ca
20 000 cows were inseminated with frozen se-
men from 10 bulls and the 75-day nonreturn
rate was compared with motility characteristics
obtained by CellSoft Analyser (Budworth et al.
1988). In another fertility trial, the competitive
fertility index for 9 bulls was correlated
(r>0.68) with MOT, VCL and VSL (Budworth
et al. 1988). MOT had a low (0.45) but signifi-
cant correlation with the first-cycle pregnancy
rate of 177 mares inseminated with frozen se-
men from 9 stallions (Samper et al. 1991). In a
French study, in which 60 ejaculates were
frozen from 7 stallions, batches with a post-
thaw motility of >35% accepted for use, and
334 mares inseminated, there was no correla-
tion between fertility and subjective post-thaw
motility or percentage of sperm moving >30
um/sec (RAP) analysed by CASA (Bataille et
al. 1990). In another French study, 766 mares
were inseminated with frozen semen, but none
of the criteria measured by CASA (VCL, LIN,
ALH, MOT, RAP) had a significant correlation
with fertility (Palmer & Magistrini 1992).

It is not surprising that CASA-systems have
been unable to detect differences between
”goo0d” and ”poor” frozen semen when the ejac-
ulates have been selected to include only those
with a post-thaw progressive motility >30% to
35%. The fertility of mares varies widely and
one has to bear in mind that a single ejaculate
can only be used for 5 to 15 mares. If low-qual-
ity semen had not been rejected before freezing,
CASA would probably have detected signifi-
cant differences more readily. On the other
hand, computers are not needed to detect large
differences. The much less expensive way of
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subjectively evaluating total or progressive
motility using a light microscope yields similar
results to automatic analysers (Samper et al.
1991, Palmer & Magistrini 1992, Kneissl
1993). To date, the superiority of the automatic
analyser in the evaluation of frozen semen has
not been proven, although it is the only way to
accurately assess velocity and linearity. It
should be emphasized that automated analysis
presents risks of artifacts that must be con-
trolled for and that the apparatus must be cor-
rectly set (Palmer & Magistrini 1992). It is wor-
rying that the mean motility values obtained
from the same semen samples sometimes dif-
fered by as much as 30% when analysed simul-
taneously by CellSoft and HTM (Jasko et al.
1990b). Further, when the same semen speci-
mens were analysed by 2 identical HTM analy-
sers, significant differences were seen in sperm
counts, ALH, LIN and BCF, which shows that
the reproducibility was poor (4garwal et al.
1992).

Longevity of motility (survival tests)

For estimating the longevity of motility, an
aliquot of well-mixed — typically extended — se-
men is used to fill a warm sterile tube which is
kept in a draft-free, preferably dark environ-
ment. The semen is mixed and an aliquot ex-
amined at regular time intervals until <10% of
the sperm remain progressively motile (Kenney
et al. 1983).

The incubation temperatures and times have
varied considerably. Longevity of motility in-
creases with decreasing temperature. Miiller
(1982, 1987) used survival for >120 h at 2-4°C
or at 1-4°C as a criterion for accepting frozen
semen for field use. The average time for ac-
cepted semen was 202 hours, with a range from
120 to 312 h. Survival tests are in routine use in
some stallion stations: 37°C for 4 h (threshold
motility 15%), 20°C for 12 to 48 h (threshold 5-
10%) and 5°C for 7 days (threshold 5%) (Vida-

ment et al. 1998). Other laboratories employ
shorter incubation times at 37°C, e.g., only 0.5
h (Loomis 1999). In a retrospective study on
commercially used frozen semen with 31 stal-
lions and 1023 mares the thawed semen was
kept at 37°C. A significant correlation was
demonstrated between the foaling rate and
motility evaluated by light microscopy after an
incubation of 2 and 4 h (Katila et al. 2000a).

Morphology and membrane integrity

In some studies increases in sperm abnormali-
ties have been associated with decreased fertil-
ity (Bielanski 1975, Jasko et al. 1990a), but oth-
ers have found no relation between morphology
of fresh semen and fertility (Voss et al. 1981,
Dowsett & Pattie 1982). A wide range of mor-
phological deviations may be acceptable for
breeding stallions, if the total number of mor-
phologically normal motile spermatozoa in the
ejaculate is adequate (Kenney et al. 1983).
Sometimes the low pregnancy rates after frozen
semen inseminations are simply due to an ex-
cessively small number of live morphologically
normal post-thaw sperm. Morphological fea-
tures are evaluated by light microscope using
different sperm stains. The use of fluorescent
probes requires epifluorescence optics for the
microscope. Scanning and transmission elec-
tron microscopic techniques are not in routine
use, but have been useful in some abnormal
cases and in research. One has to be cautious in
the interpretation of transmission images.
Abraham-Peskir et al. (2000) noticed that
membrane-bound vesicles in acrosomal and
midpiece regions are not caused by freezing
and thawing. They are damaged during prepa-
ration of samples.

After freeezing and thawing, ultrastructural
changes were observed in the acrosome, in the
outer fibres of the midpiece, and in the axoneme
of the principal piece (Christensen et al. 1995).
Automated morphometric analysis provides ac-
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curate objective measurements of sperm head
and shape (Davis et al. 1993, Magistrini et al.
1997).

Conventional stains

The simplest examination method is to fix
sperm cells in buffered formol-saline or
buffered glutaraldehyde solution and view un-
stained cells with either phase-contrast or dif-
ferential interference-contrast microscopy.
General-purpose cellular stains (Wright’s,
Giemsa, haematoxylin-eosin, India ink) can be
used (Varner et al. 1991b), but live-dead stains
(aniline-eosin, eosin-nigrosin, eosin-fast green)
are more widely used for the determination of
cell viability. Integrity of the plasma membrane
is shown by the ability of a viable cell to ex-
clude the dye, whereas the dye will diffuse pas-
sively into sperm cells with damaged plasma
membranes (Colenbrander et al. 1992). Glyc-
erol can interfere with the staining properties of
these dyes making them less reliable for the
evaluation of cryopreserved semen (Wilhelm et
al. 1996). Differential stains for sperm cells
are Spermac (Oettle 1986), William’s and
Casarett’s stains (Kenney et al. 1983), Triple
stain, Papanicolau, and Feulgen and Karras
among others (Magistrini et al. 1997). The
Spermac stain was not found to be very useful
in the evaluation of frozen stallion semen by
Wéckener and Schuberth (1993), although it
has been in routine use in Germany (Schrop
1992). It is generally recommended that 200
cells be examined, but evaluation of 100 sperm
cells probably provides a valid representation of
abnormalities (Hermenet et al. 1993).

Fluorescent stains

A combination of 2 fluorescent stains, e.g. car-
boxyfluorescein diacetate (CFDA) and propid-
ium iodide (PI) or calcein AM and ethidium ho-
modimer, can be used to assess cell viability.
CFDA and calcein AM molecules cross cell
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membranes and are de-esterified by esterases
within the cell. They are retained within intact
cells, causing them to fluoresce green. PI and
ethidium homodimer cannot penetrate living
cells, but can only bind to and stain cellular
DNA in damaged cells, giving them red fluo-
rescence (Malmgren 1997). Other frequently
used fluorescent dyes are Hoechst 33258, ethid-
ium bromide (EB) and SYBR14.

The most commonly used method to detect
acrosome integrity is staining with fluorescein-
conjugated lectins, such as Peanut Agglutinin
(PNA), Pisum Sativum Agglutinin (PSA) or
Concanavalin A (ConA) coupled with fluores-
ceinisothiocynate (FITC) (Magistrini et al.
1997, Blanc et al. 1991). FITC-PNA with
ethidium homodimer as a counter stain allowed
for a rapid and reliable assessment of the acro-
somal status of stallion sperm. Acrosome-intact
spermatozoa displayed intense green fluores-
cence over the acrosomal cap, while acrosome-
reacting spermatozoa showed a patchy dis-
rupted image of fluorescence. Sperm cells that
had completed the acrosome reaction acquired
a stain on the equatorial segment or remained
unstained (Cheng et al. 1996). Chlortetracy-
cline assay (CTC) is used to detect capacitation
and acrosome reactions of the spermatozoa
(Varner et al. 1993). Mitochondrial activity can
by evaluated by Rhodamine 123 (R123), which
is a fluorescent dye used to label a negative po-
tential (the inside of the mitochondria being
negative) across the inner mitochondrial mem-
brane. Only coupled, respiring mitochondria
will take up this fluorescent dye. A good corre-
lation has been shown between sperm viability
and mitochondrial function for equine sperma-
tozoa (Casey et al. 1993, Papaioannou et al.
1997). Gravance et al. (2000) used another flu-
orescent dye, JC-1, to assess mitochondrial
function in equine sperm. They concluded that
JC-1 accurately reflects changes in mitochon-
drial membrane potential.
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Typically, 100 to 400 fluorescent cells are
counted under microscope. A fluorometer can
be used to evaluate the proportion of fluores-
cent cells rapidly. This method has been applied
to frozen boar sperm (Eriksson et al. 1998) and
also to fresh (Gravance et al. 2000) and frozen
stallion semen (Katila et al. 2000a and b). In
our study, frozen-thawed stallion sperm were
stained with PI and fluorescence determined;
however, no correlation with fertility was estab-
lished (Katila et al. 2000a and b). A very rapid
and effective method is flow cytometry, which
allows thousands of individual cells to be eval-
uated. Multiple aspects of sperm function can
be assayed simultaneously. Sperm viability,
DNA content and the proportion of acrosome-
reacted sperm can be investigated using this
method (Morrell 1991). The cost of sorting
flow cytometry at the moment is very high, and
therefore, is not used in routine work.

Fluorescent probes have been used to evaluate
different steps of the freezing process (Blanc et
al. 1991), and compare modifications in freez-
ing (Kneissl 1993) or thawing techniques (Borg
et al. 1997). The dual SYBR-14/PI stain has
been used to assess quality of frozen-thawed
stallion semen. Live spermatozoa emit green
fluorescence (SYBR-14 +), and dead ones emit
red colour (PI+). There was a negative correla-
tion (r = -0.49) between the percentage of
rapidly moving spermatozoa as estimated by
HTM and the percentage of spermatozoa emit-
ting red fluorescence (PI+). In contrast, a posi-
tive correlation (r = 0.35) was found between
the percentage of rapid sperm and those emit-
ting green fluorescence (Magistrini et al. 1997).
Highly significant correlations were seen be-
tween MOT (Stromberg-Mika-Cell-Motion-
Analysis-System) and intact spermatozoa,
when frozen-thawed stallion semen was stained
with (CFDA/PI) (Kneiss! 1993). Motility of
frozen-thawed stallion semen (VCL, MOT and
ALH) was significantly correlated with degree

of degradation of the plasma membrane as eval-
uated by FITC-Con-A. Addition of glycerol
caused significant reductions in VCL and ALH
and increased the proportion of damaged sper-
matozoa, but the most pronounced changes in
motility were observed after freezing and thaw-
ing (Blanc et al. 1991). In another study, FITC-
PSA with ethidium homodimer as a counter-
stain was used to evaluate acrosomal status of
stallion semen. Freezing and thawing resulted
in a high percentage of acrosome-reacted or -
damaged sperm and a significant decrease in
sperm viability, suggesting an enhanced level
of sperm capacitation-like changes or mem-
brane damage (Bedford et al. 2000). When stal-
lion semen samples with known percentages of
acrosome-damaged spermatozoa were incu-
bated with PSA, a positive correlation (0.98)
was found between the percentage of spermato-
zoa bound to PSA and the percentage of acro-
some-damaged spermatozoa (Farlin et al
1992).

Studies on integrity of plasma and acrosomal
membranes of frozen-thawed sperm have in-
creased in the past years. It remains to be seen
how well membrane integrity correlates with
fertility results. Flow cytometric evaluation of
viability of frozen-thawed PI -stained stallion (5
stallions) spermatozoa correlated with the fertil-
ity (r = 0.68) of 40 mares (80 cycles), and was
better (p<0.05) than other methods (MOT, ham-
ster oocyte penetration) (Wilhelm et al. 1996).

Monoclonal antibodies and indirect immuno-
labelling techniques

A primary antibody specific for an acrosomal
antigen can be used to evaluate integrity of
acrosomal membranes. The antigen is localized
at the inner surface of the outer acrosomal
membrane. Only cells with damaged plasma
and acrosomal membranes will bind primary
antibody and demonstrate fluorescence after
exposure to a secondary antibody (anti-mouse
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IgG-FITC) when viewed by epifluorescence
microscopy. In a German study, Spermac and
immunohistochemical staining with mono-
clonal antibody were compared in the evalua-
tion of acrosomes of frozen-thawed stallion
sperm. Significantly more damaged acrosomes
were diagnosed by Spermac (31%) as com-
pared with monoclonal antibody (25%) (Schrop
1992). Wockener & Schuberth (1993) con-
cluded that immunohistochemical staining with
monoclonal antibody was superior to conven-
tional staining techniques (Spermac and Kar-
ras) in assessing acrosomal status of frozen
stallion semen.

Hypo-osmotic swelling test (HOS)

When spermatozoa are suspended in a hypo-os-
motic solution, water will enter the spermato-
zoon in an attempt to attain osmotic equilib-
rium. This increases the volume of the cell,
thereby reducing the initial length of the flagel-
Ium, and the plasma membrane bulges (Drevius
& Eriksson 1966). The influx of water only oc-
curs in the tail region and creates different types
of curls. The appearance of a curl in the tail of
a sperm is a sign that water has been trans-
ported in a physiological manner into the cell to
reach osmotic equilibrium. This indicates an in-
tact flagellar membrane (Colenbrander et al.
1992).

Nie and Wenze (2001) recommended that 100 x1
of stallion semen is added to 1 ml of 100 mOsm
sucrose solution and incubated at 37°C for 60
min. They found the test to be simple, accurate
and consistent with good reliability and re-
peatability. De Albuquerque Lagares (1995)
saw vesicles in stallion sperm tails most fre-
quently, when the osmolality was between 150
and 100 mOsm and Neild et al. (1999) between
100 and 25 mOsm. When testing 156 ejaculates
from 13 stallions, a significant positive correla-
tion was obtained between HOS and fertiliza-
tion rate (4/buquerque Lagares 1995).
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Resistance of stallion spermatozoa to hyperos-
motic stress (600 to 4000 mOsm) was not use-
ful in the evaluation of frozen-thawed stallion
semen (Caiza de la Cueva et al. 1997). Several
semen evaluation methods were applied in the
assessment of fresh and frozen stallion semen
in a French study. HOS was performed on fresh
semen immediately after collection, and after
an incubation of 4 h and 6 h at 37 °C in the pres-
ence or absence of seminal plasma. After freez-
ing and thawing, the HOS-test was carried out
at 0 h and after an incubation of 4 h at 37°C,
and after a storage of 7 days at 4°C. The HOS-
test applied immediately after semen collection
was highly correlated with MOT and ATP lev-
els after thawing (r>50) at 0 and 4 h and with
MOT after 7 days. The authors suggested that
HOS applied after collection of fresh semen is
the best predictive test of the freezability of
stallion semen (Vidament et al. 1998). Katila et
al. (2000b) tested commercially used frozen se-
men from 31 stallions and compared results
with foaling rates of 1085 mares. The HOS-test
was carried out using a 100 mOsm solution and
an incubation of 45 min at 37°C. A significant
correlation was found between foaling rate and
HOS-test performed on sperm immediately af-
ter thawing or after an incubation of 3 h at
37°C.

Filtration tests

When stallion sperm (fresh, freeze-damaged,
uterine-inoculated) were filtrated through cot-
ton, glass wool (GW) and Sephadex (S) filters,
the results indicated that spermatozoa with
acrosome-damaged or -reacted sperm were
trapped by GW filters. Spermatozoa with ca-
pacitation-like changes (uterine-inoculated
sperm) were trapped by S-filters (Samper &
Crabo 1993). In filtration of frozen-thawed se-
men of 9 stallions, significant correlations were
obtained between the pregnancy rate per cycle
(177 mares) and the percentage of sperm pass-
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ing through the filters (GWS, r=0.93 and S, r
=0.84) (Samper et al. 1991). If Sephadex traps
capacitated spermatozoa, this finding would in-
dicate that capacitation of spermatozoa is a
problem with frozen-thawed sperm. GW-fil-
tered human spermatozoa showed an increased
capability to penetrate zona-free hamster
oocytes (Rana et al. 1989). Motility did not ac-
count for the improved penetrability. When the
filtered spermatozoa were diluted with nonvi-
able spermatozoa, the improved oocyte pene-
tration disappeared. Thus, it was concluded that
the removal of nonviable spermatozoa may, at
least, in part, be responsible for this effect
(Rana et al. 1989). The results of Samper et al.
(1991) and Samper & Crabo (1993) look
promising, but, so far, filtration tests have not
gained widespread acceptance. Vidament et al.
(1998) considered GW S-filtration to be unreli-
able in the evaluation of frozen-thawed stallion
semen, because 75% of the variance was due to
error (straws, tubes, ejaculates). However, this
statement was not substantiated with fertility
results.

Biochemical tests

Cells with membrane damage lose essential
metabolites and enzymes. Numerous enzymes
have been determined in semen of several
species, most often bulls and boars. These in-
clude aspartate-aminotransferase (AT-ase), fu-
marase, isocitratedehydrogenase, aconitase,
arylsulphatases (AS), Na'/K*-ATPase, glu-
tamic oxaloacetic transaminase (GOT), lactic
dehydrogenase (LDH), cholinesterase, acid
phosphatase and alkaline phosphatase (Brown
etal 1971, Risse 1990). AS-ases are present in
the acrosome of the intact sperm cell and in
seminal plasma. Membrane damage to the mid-
piece results in release of AT-ase to the seminal
plasma. As a result, ATP production is blocked,
immobilising the sperm cell (Colenbrander et
al. 1992). Kosiniak (1988) has advocated the

use of AT-ase as a good predictor of stallion se-
men freezability, suggesting that the higher the
enzyme levels, the lower the motility after
thawing. However, this was neither statistically
analysed nor substantiated by fertility trials.
Acrosin is a proteolytic enzyme present in the
acrosome and thought to be important in acro-
some reaction, sperm-zona binding and zona
penetration. Ball et al. (1997) determined
acrosin amidase activity from raw semen, from
semen extended in freezing extender and from
frozen-thawed stallion semen. Acrosin activity
increased with sperm concentration (r?> = 0.75,
p<0.001), and the stallion and the ejaculate
within stallion had significant effect on acrosin
activity (p<0.001). The addition of freezing
medium increased activity, but no significant
changes after freezing occurred (Ball et al
1997). Vieira (1980) identified acrosin activity in
stallion semen before and after freezing by
means of a gelatine substrate method. Acrosin
activity was detected by the presence of halos
around single sperm, resulting from localized
proteolytic digestion of gelatin. Morphological
alterations of the acrosome and acrosin activity
were correlated (r= 0.9, p<0.05) in stallions only
after a sexual rest of 6 months (Vieira 1980).
GOT is an intracellular enzyme with limited
usefulness due to its presence in high concen-
trations in cytoplasmic droplets (Vieira 1980).
After freezing and thawing of boar semen, a
heterospermic index was correlated with the
following in vitro tests: spermatozoa with
acrosin-activity (0.38), extracellular GOT
(0.54), intracellular GOT (-0.57) and motility
(0.50) at 7 h post-thaw (Hammitt et al. 1989).
The authors pointed out that the extracellular
GOT present immediately following ejacula-
tion should be determined along with the GOT
following freezing and thawing. The prefreeze
GOT-values are then subtracted from post-thaw
GOT-values because boars differ greatly in ex-
tracellular GOT before freezing.
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The intact sperm cell has a relatively high con-
tent of ATP. If membranes are defective, the nu-
cleotide phosphates will leak out of the cell into
the seminal plasma and be hydrolyzed.
ATP/ADP/AMP measurements in stallion
sperm provide information on membrane via-
bility (Colenbrander et al. 1992). Intracellular
ATP content reflects mitochondrial activity of
the stallion spermatozoon and can be deter-
mined by bioluminescence (Vidament et al.
1998). In their study, ATP and HOS were corre-
lated shortly after semen collection, after 6 h
survival at 37°C and after 4 h survival post-
thaw at 37° C. The integrity of the plasma mem-
brane of the flagellum seems to be essential for
maintaining the mitochondrial activity and the
ATP content (Vidament et al. 1998). In fresh
and frozen stallion semen, ATP content was
correlated with objective motility (r=0.92) and
velocity (r = 0.87) (p<0.05) (Rodriguez & Bus-
tos-Obregon 1996). The ATP content of the
frozen-thawed stallion sperm was reduced 50%
from the concentration in fresh semen (Ro-
driguez & Bustos-Obregon 1996).
Determinations of enzyme concentrations in
semen have been practised for a long time.
They are simple, rapid and inexpensive to do.
On the other hand, they are prone to errors. It is
necessary to select an enzyme found only in
sperm cells. In addition to spermatozoa, en-
zymes can be present in cytoplasmic droplets,
seminal plasma, and organic extenders. No
convincing results have yet been presented that
would favour the use of enzyme determinations
in assessing pre- and post-thaw semen quality.

Sperm oocyte interactions

In all species, penetration of the oocyte by
sperm requires motility, intact receptor proteins
on the sperm to bind to the zona pellucida, and
the ability to undergo an acrosome reaction and
bind to the plasma membrane of the oocyte.
Different in vitro penetration assays have been
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developed to address each of these attributes
(Graham 1997).

Zona pellucida (ZP) sperm binding

Zona penetration assays evaluate sperm motil-
ity, zona binding and penetration, sperm capac-
itation, and the acrosome reaction (Graham
1997). Capacitated spermatozoa from 3 fertile
and 3 subfertile stallions were incubated with
frozen-thawed equine oocytes (Meyers et al.
1996). The total number of ZP-bound sperma-
tozoa was higher for fertile than for subfertile
stallions (p<0.05). Similarly, the percentage of
acrosome reactions in ZP-bound spermatozoa
was higher for the 3 fertile stallions than for the
3 subfertile stallions (p<0.05) (Meyers et al.
1996).

Salt-stored equine oocytes maintain spermato-
zoal receptors on the ZP and can be used in
sperm binding assays (Malchow & Arns 1995).
When salt-stored equine oocytes were used,
binding of spermatozoa from some subfertile
stallions appeared to be lower than for fertile
stallions, but variation was present. One of the
reasons for such discrepancies might be differ-
ences in the oocytes and in their ZP (Pantke et
al. 1995). In fact, immature oocytes bind fewer
spermatozoa than oocytes in metaphase stage.
The final stage of oocyte maturation is accom-
panied by some changes in the ZP (Mlodawska
et al. 2000).

Hemizona assay (HZA)

In the HZA, the 2 matched zona hemispheres
created by bisection are functionally equal sur-
faces, allowing for a controlled comparison of
sperm binding. Thus, the variation in binding
capacity between individual ZP is eliminated.
The binding capacity of two semen samples to
matching hemizonae can be compared. When
semen samples from 22 stallions with known
fertility data were tested on salt-stored hemi-
zonae, there was a significant relationship
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(p<0.0001) between the mean number of sper-
matozoa bound to matching hemizonae and the
fertility indices of stallions from each stud farm
(Fazeli et al. 1995).

In another Dutch study, ejaculates from 5 stal-
lions were split into two samples: one was
frozen and the other stored and chilled for 24 h.
Equine oocytes were bisected, and one hemi-
zona incubated with the chilled semen and the
matching half incubated with frozen semen.
Four oocytes were used per stallion. There was
a significant difference in sperm binding be-
tween chilled and frozen-thawed samples (50 +
4 and 41 + 4, respectively). The extent of the
difference varied markedly between stallions
(Parlevliet et al. 1994).

Zona-free hamster oocyte penetration test
(HOPT)

In vitro penetration of zona-free hamster
oocytes provides information about the capabil-
ity of sperm that have already undergone the
acrosome reaction to penetrate the oocyte. Mul-
tiple spermatozoa can penetrate the heterolo-
gous hamster oocyte (Graham 1997). In a Pol-
ish study, fresh hamster oocytes were incubated
for 3 to 4 h with acrosome-reacted stallion sper-
matozoa. No conclusive relationship was estab-
lished between sperm motility and the percent-
age of penetrated zona-free hamster oocytes
(Okolski et al. 1987). In another study, frozen-
thawed zona-free hamster oocytes (20/ejacu-
late) and acrosome-reacted stallion spermato-
zoa (fresh and cooled for 24 or 72 hours) were
incubated for 8 min. The ability of sperm to
penetrate zona-free hamster oocytes was shown
to decrease with increased storage time of se-
men (Padilla et al. 1991). Penetration of zona-
free hamster oocytes by frozen boar sperm was
markedly reduced compared with fresh and lig-
uid-stored semen (Clarke & Johnson 1987).
Neither the percentage of penetrated zona-free
hamster oocytes nor the average number of

spermatozoa penetrating each hamster oocyte
were correlated with fertility, when cryopre-
served stallion spermatozoa were tested (Wil-
helm et al. 1996).

In vitro fertilization (IVF)

IVF has proven to be a reliable test for sperm
quality and fertilizing capacity in human fertil-
ity clinics, but being an invasive and expensive
procedure, it cannot be routinely used as a se-
men evaluation test (Yavertz et al. 1995). IVF
has been successfully used to differentiate be-
tween frozen semen from low- and high-fertil-
ity bulls (Larsson et al. 1994). Unfortunately,
IVF-techniques are not sufficiently advanced in
horses to be used for this purpose.

The disadvantages of sperm penetration tech-
niques are the time and expense needed, and
that very few sperm are actually evaluated. The
in vitro conditions are likely to be quite differ-
ent from the in vivo environment (Graham
1997).

Progesterone-induced acrosome reaction
Mammalian sperm that have completed capaci-
tation are capable of undergoing the acrosome
reaction in response to a number of stimuli, e.g.
progesterone. Progesterone in mare follicular
fluid induces the acrosome reaction in capaci-
tated stallion spermatozoa. The reaction is me-
diated by a plasma membrane progesterone
receptor (Cheng 1997). The percentage of sper-
matozoa with exposed progesterone receptors
was highly correlated to fertility of stallions
(Rathi et al. 2000). Sperm from stallions classi-
fied as fertile on the basis of breeding history
had higher percentages of porgesterone-in-
duced acrosome reactions in comparison with
stallions classified as subfertile (Meyers et al.
1995). The test has not been applied to frozen
semen.
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Other tests

In humans, the cervical mucus penetration test
(Morrow et al. 1992) and the microelec-
trophoretic motility test (Glander & Herold
1991) have been applied to study quality of
fresh and frozen semen, but neither of these test
have been used in horses.

Sperm chromatin structure assay (SCSA)
Chromatin in a spermatozoon is condensed to
one-sixth of the volume in somatic cells. Nor-
mal sperm development leads to a chromatin
structure in which the DNA in situ is resistant to
denaturation, whereas the DNA of spermatozoa
with an abnormal chromatin structure is sus-
ceptible to denaturation in situ. The percentage
of cells with abnormal chromatin and the extent
of the abnormality can be detected by the SCSA
carried out in flow cytometry (Evenson et al.
1994). Subfertile stallions had a higher percent-
age of cells outside the main population (COM-
Pa,) than normal stallions (Kenney et al. 1995).
In swine, SCSA correctly predicted both high-
and low-fertility boars based on a ratio of off-
spring as deviated from the theoretical percent-
age (Evenson et al. 1994). However, the boar
sperm chromatin structure was unaltered by di-
rect freezing on dry ice or in liquid nitrogen
with or without different types of extenders.
The loss of sperm fertility potential after freez-
ing/thawing is due to factors other than damage
to sperm chromatin structure, which is very re-
sistant (Evenson et al. 1994). Thus, SCSA is
not suitable for evaluation of effects of freezing
on sperm, but can be used to evaluate the
COMPa of the DNA of frozen semen.

Resazurin reduction test

A resazurin reduction test has been useful in de-
termining the fertility potential of bovine sper-
matozoa. Metabolically active sperm reduce re-
sazurin (blue) to pink and upon further
reduction to white. Assessment of the reduction
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from blue to pink allowed for the identification
of 88% of the potentially low and 94% of the
high- ertility samples (Dart et al. 1994). The re-
sazurin reduction test performed immediately
after thawing of frozen stallion semen had no
correlation with fertility (Katila et al., 2000a).

Transmigration rate

The transmigration rate (TMR%) has been used
to compare motility of fresh and frozen-thawed
stallion sperm. The rate is defined as the per-
centage of spermatozoa which within 3 min
will migrate from the sample chamber through
a membrane having pores of 8 mm against a
flow (5 ml/h) of buffer medium to the goal
chamber. There was a highly significant corre-
lation between TMR, motility and the percent-
age of viable cells (Renner et al. 1992). How-
ever, since TMR was not reported for fresh
semen, it is not possible to know how well the
test would reflect changes which have taken
place during the freezing and thawing pro-
cesses. The test has not been correlated with
fertility.

Conclusions

Although motility evaluation has its limita-
tions, it should be performed to obtain a mini-
mum threshold value. In many laboratories, a
minimum progressive motility of 30% is re-
quired. Subjective evaluation by a trained per-
son using a good phase contrast microscope is
adequate for routine evaluations. In scientific
experiments, subjective evaluation has been re-
placed by the use of objective computerized im-
age analysers. It is clear that freezing and thaw-
ing processes cause premature capacitation and
acrosome reaction of spermatozoa, damage
membranes and kill cells. Not all of these
changes are reflected in motility, but sperm
motility is a readily assayed barometer of rela-
tive cell health. Membrane and particularly
acrosome integrity should be evaluated by fluo-
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rescent probes. Other tests are not in routine
use, although some of them might have poten-
tial in the evaluation of frozen semen. HOS-
test, particularly, could be a useful test, and it is
simple to perform. At the moment, it is obvious
that we need to combine several tests for fertil-
ity evaluation of frozen-thawed stallion semen.
Much research is still needed in this field if we
are to be able to increase the use of frozen stal-
lion semen and get good pregnancy rates. Reli-
able in vitro semen evaluation methods are a
prerequisite to the development of freezing and
thawing techniques. Quality control of frozen
semen by dependable laboratory methods is
necessary before semen is distributed to the
field.
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Sammandrag
Bedomning av frys-tinad hingst sperma med hjdlp av
in vitro metoder. En éversikt.

Denna 6versiktsartikel refererar olika in vitro under-
sokningsmetoder som anvints pd frys-tinad hingst
sperma. Metodernas begransningar, det praktiska ut-
forandet och korrelationen med fertilitetsresultaten
diskuteras. F& studier har gjorts for att undersoka
korrelationen mellan fertiliteten hos fryst hingst
sperma och laboratorietest. Det &r svart och dyrt att
inseminera tillrickligt manga ston for att erhalla sta-

tistiskt signifikanta resultat. Signifikanta, men laga
korrelationer har kunnat pavisas mellan folningspro-
cent och spermiernas subjektiva motilitet efter en in-
kubationstid pa 2 och 4 timmars vid 37°C samt med
en hypo-osmotisk svéllningstest efter 0 och 3 tim-
mars inkubation. Signifikanta korrelationer har pavi-
sats mellan dréktighetsprocent och viabilitet hos pro-
pidium-iodid fargad sperma som analyserats med en
flowcytometer. Detsamma géller for filtrationstester
med glas-ull och Sephadex filter. Ingen korrelation
mellan fertiliteten och motiliteten genast efter uppti-
ning har pavisats. Trots detta 4r den subjektiva moti-
litetsbedomningen med hjilp av ett ljusmikroskop
den vanligaste undersokningsmetoden vid bedom-
ningen av fryst hingstsperma. Datorassisterade auto-
matiska spermieanalysatorer har ersatt ljusmikro-
skopi i forskningsprojekt, men &n sa ldnge har ingen
kunnat demonstrera en korrelation mellan fryst
hingstsperma och ndgon av de motilitetsparametrar
som dessa instrument kan ge.
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