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ABSTRACT. It has been shown that addition of the surfactant Orvus ES paste (OEP) and its main component sodium lauryl sulfate (SLS)
to boar or dog semen before freezing improves post-thaw sperm motility and protects acrosome caps.  In this study, we investigated the
usefulness of the addition of OEP (0, 1, 2 and 4%) or SLS (0, 1, 2, 3 and 4 mg/ml) to cat ejaculates before freezing and their concen-
trations.  Among the OEP addition groups, the 1% OEP group showed higher sperm motility than the other groups.  Among the SLS
addition groups, the 3 mg/ml SLS group showed slightly higher sperm motility and viability than the other groups.  Comparison between
the 1% OEP and 3 mg/ml SLS addition groups suggested a higher percentage of sperm with an acrosome cap in the 1% OEP group.
The other sperm properties did not significantly differ between the 2 groups.  These results indicate that addition of 1% OEP or 3 mg/
ml SLS is effective for freezing of cat ejaculated semen.
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In regard to artificial insemination (AI) with frozen feline
semen, intravaginal [6, 11, 19] and intrauterine [6, 18, 19]
inseminations with ejaculates have each been reported in
three studies, and intravaginal [20] and intrauterine [15, 20]
inseminations with epididymal sperm have each been
reported in one and two studies, respectively.  In our 2003
year study using epididymal sperm [15], we added 7% (v/v)
glycerol and 1% Orvus ES paste (OEP, also known as
Equex STM paste, Nova Chemical Sales, Inc., Scituate,
MA, U.S.A.) to semen as cryoprotective agents and
achieved a conception rate of 27.3%.  However, we did not
evaluate the usefulness of addition of OEP for cryopreserva-
tion of feline semen or its optimal concentration.  Addition
of OEP along with glycerol for the cryopreservation of boar
[12] and dog [16, 17] semen has been shown to protect the
acrosome caps of sperm, thereby increasing and maintaining
post-thaw sperm motility for a long period of time.  In 2004,
Axnér et al. [5] investigated the usefulness of Equex STM
paste for cryopreservation of feline epididymal sperm and
showed that addition 0.5% (v/v) Equex STM paste led to
greater protection of the acrosome caps of sperm after
freeze-thawing than no addition, but sperm motility was
lower (sperm survival was shorter) 4–6 hr after thawing than
in the case of no addition.  Our search of the literature
revealed no studies in which addition of OEP for semen cry-
opreservation adversely affected post-thaw sperm motility.
It remains unclear whether the results of the study by Axnér
et al. [5] regarding cryopreservation of epididymal sperm
apply to cryopreservation of cat ejaculates.

  OEP is known to contain mainly sodium lauryl sulfate
(SLS), but data on its concentration and the remaining con-
stituents have not been published.  It has been suggested that
the effect of SLS might be exerted by modifying the struc-
ture of egg yolk lipoproteins in the extracellular medium [4].
Kato et al. [9] employed a freezing extender of boar semen
containing SLS (1.2 to 1.6 mg/ml) instead of OEP and
reported that the percentages of normal acrosome caps and
progressively motile sperm after thawing with addition of
SLS were similar to those of OEP.  Furthermore, several
studies have reported the usefulness of frozen semen
extender containing SLS in several animals (the cow [3],
mouse [7], and goat [1, 2]).  We have also reported previ-
ously that addition of 2 mg/ml of SLS to dog semen for
freezing led to results similar to those obtained by addition
of 0.75% OEP [8].  However, no studies have reported addi-
tion of SLS to cat semen for freezing.

In this study, we investigated the usefulness of addition of
OEP or its main constituent SLS to cat ejaculates for freez-
ing, determined their optimal concentrations and compared
their usefulness as cryoprotective agents for freezing cat
semen.

MATERIALS AND METHODS

Animals: Male cats bred and maintained in our colony
were used in this experiment.  Ten 3- to 12-year-old cats
weighing 3.5–4.4 kg were used.  These cats showed copula-
tion capability and fertility.  The animals were maintained in
a room in which the temperature was adjusted to 23  2C
and were individually kept in cages measuring 60  90 
120 cm.  The animals were given commercial dry food
(Hill’s Feline Maintenance, Hill’s-Colgate Ltd., Topeka,
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KS, U.S.A.) and water ad libitum.  The female estrous cats
maintained in our colony were appropriately used for semen
collection.

This study was conducted in conformity with the animal
study guidelines of Nippon Veterinary and Life Science
University.

Semen collection: Semen was collected using an artificial
vagina (AV) for cats that has previously been reported [14].

For semen collection, the penis of a male cat was
advanced into the AV held between the forefinger and mid-
dle finger of the person collecting semen while the male cat
was mounting an estrous cat and thrusting, and ejaculation
was induced.  Using the same AV, a second semen collec-
tion was performed.  To avoid drying, 100 l of egg yolk
Tris-fructose citrate solution (EYT-FC) [18] was added to
the semen immediately after collection.

Examination of semen quality: The semen volume was
measured using a sample tube with 5 l graduations.  Sperm
motility was assessed by the percentage of sperm actively
moving forward using a test plate for semen quality exami-
nation (FA225, Fujihira Industry, Co., Ltd., Tokyo, Japan).
The number of sperm, sperm viability and frequency of
immature sperm were examined, as previously reported
[10].

Frozen semen: The semen was centrifuged at 230  g for
5 min to remove the seminal plasma, subjected to 1st dilu-
tion with EYT-FC at 20C to adjust the sperm count to 2 
108/ml and then maintained in a water bath at 4C for one hr
for 1st cooling.  After 1st cooling, 2nd dilution of semen was
performed using the secondary extender supplemented with
14% glycerol by dripping at 4C; this took approximately 10
min with stirring using a stirrer.  The semen was diluted with
an equal volume of the extender, and thus, the final sperm
concentration was 1  108/ml, and the final glycerol concen-
tration was 7%.  After the 2nd dilution, the semen was put
into 250 l straws and equilibrated with glycerol for one hr.
Then, the semen was frozen using a conventional freezer
(Simple-type quick LNG freezer, Fujihira Industry, Co.,
Ltd., Tokyo, Japan).  The temperature conditions for freez-
ing were –1.0C/min from 4C to –1.0C, –33.0C/min
from –1.0C to –50C and –58.4C/min from –50C to
–196C.  When the temperature reached the maximal cool-
ing temperature, –196C, the semen was transferred to a liq-
uid nitrogen container.

Semen preparations frozen for one week or more were
thawed in a water bath at 37C for 30 sec, and their qualities
were examined.  In the semen quality test, the motility and
viability of sperm were evaluated, and the time-course
changes in these were examined at 20C after 1, 2, 4 and 6
hr.

Experiment 1: Establishment of the concentration of OEP 
The effect of OEP addition to EYT-FC was examined at

final concentrations of 0, 1, 2 and 4% (v/v).  To perform 4
types of experiment, it is necessary to use large numbers of
sperm; therefore, a mixture of semen from 5 cats was used
after 1st dilution and division into 4 equal parts if the quality
of the individual semen samples was normal.

Freeze-thawed semen was evaluated for sperm motility,
and the time-course changes in sperm motility were exam-
ined at 20C after 1, 2, 4 and 6 hr.  This experiment was
repeated six times.

Experiment 2:  Establishment of the concentration of SLS 
The effect of SLS addition to EYT-FC was examined at

final concentrations of 0, 1, 2, 3 and 4 mg/ml, and 1% OEP
was examined as the control.  To perform 6 types of experi-
ment, therefore, a mixture of semen from 6 cats was used
after 1st dilution and division into 6 equal parts if the quality
of the individual semen samples was normal.

Freeze-thawed semen was evaluated for sperm motility
and sperm viability at 20C 1, 2, 4 and 6 hr after thawing.
Sperm abnormality was also evaluated immediately after
thawing.  These experiments were repeated six times.

Experiment 3: Examination of the sperm acrosome cap 
The presence or absence of acrosome caps in viable

sperm was observed using the triple-stain technique (TST)
[13] for OEP and SLS.  Semen was collected from each of
the 5 cats and was divided into 2 equal parts after 1st dilu-
tion.  One part was diluted a second time with OEP at a final
concentration of 1%, while the other was diluted without
adding OEP (for freezing).  The TST was performed imme-
diately after semen collection and after freeze-thawing, and
the percentage of viable, acrosome-intact spermatozoa was
determined.  The same experiment was separately per-
formed to examine the effect of 3 mg/ml SLS.

Statistical analyses: The significance of semen quality
was analyzed among the groups by one-way ANOVA and
Tukey-Kramer test.  A p value of less than 0.05 was
regarded as significant.

RESULTS

Experiment 1: Establishment of the concentration of OEP
The time-course changes in sperm motility after thawing

are shown in Fig. 1.  Sperm motility The sperm motility was
22.5  2.3% (mean  SE), 30.8  3.6%, 21.7  4.2% and 1.7
 1.8% in the 0, 1, 2 and 4% OEP addition groups, respec-
tively, immediately after thawing.  While there was no sig-
nificant difference among the 0, 1 and 2% addition groups,
sperm motility was clearly lower in the 4% addition group
than in the other 3 groups (P<0.01).  In regard to the time-
dependent changes, sperm motility was significantly higher
in the 1% OEP addition group than in the 0 and 2% OEP
addition groups until 1–2 hr post-thaw (P<0.01 and P<0.05,
respectively) but was thereafter similar in the 1 and 0% OEP
addition groups.  Sperm motility rapidly decreased in the
2% OEP addition group, reaching 0% after 4 hr.

Experiment 2: Establishment of the concentration of SLS
The time-course changes in sperm motility, sperm viabil-

ity and sperm abnormality after thawing are shown in Figs.
2, 3 and 4, respectively.  Sperm motility immediately after
thawing was 20.0  6.8%, 22.5  5.6%, 24.2  4.1%, 35.0 
2.0%, 33.3  2.3% and 40.8  4.1% in the 0, 1, 2, 3, and 4
mg/ml SLS and 1% OEP addition groups, respectively.  It
was clearly lower in the 0 and 1 mg/ml SLS addition groups
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than in the 1% OEP addition group (P<0.05) but was not
significantly different among the 2, 3 and 4 mg/ml SLS and
1% OEP addition groups.  Also, in regard to time-dependent
changes, sperm motility clearly remained higher in the 1%
OEP addition group than in the 0 mg/ml SLS addition group
until 4 hr after thawing (P<0.01 and P<0.05, respectively).
Sperm motility 2 hr after thawing was clearly higher
(P<0.05) in the 3 mg/ml SLS addition group than in the 0
mg/ml SLS addition group.  However, sperm motility
showed no significant difference among the 1, 2, 3 and 4
mg/ml SLS groups from immediately to 6 hr after thawing.
Sperm viability immediately after thawing did not signifi-
cantly differ among the SLS addition and 1% OEP addition

groups.  In regard to the time-dependent changes, sperm via-
bility was clearly higher in the 1% OEP addition group than
in the 0 mg/ml SLS group from 1 to 6 hr after thawing
(P<0.01 and P<0.05, respectively).  2 hr after thawing, it
was clearly higher (P<0.05) in the 3 mg/ml SLS group than
in the 0 mg/ml SLS group.  However sperm viability did not
differ significantly among the 1, 2, 3 and 4 mg/ml SLS
groups until 6 hr after thawing.  No significant difference
was noted in the sperm abnormality rate immediately after
thawing among the 6 groups.

Experiment 3: Examination of the sperm acrosome cap
The presence or absence of acrosome caps in viable

sperm after freeze-thawing when 1% OEP or 3 mg/ml of

Fig. 1. Time-course changes in post-thaw feline sperm motility for each treated group. The error
bars represent the standard error of the mean (n=6). Significantly different between the two
groups at P<0.05 (a) and P<0.01 (b).

Fig. 2. Time-course changes in post-thaw feline sperm motility for each treated group. The error
bars represent the standard error of the mean (n=6). Significantly different between the two
groups at P<0.05 (a) and P<0.01 (b).
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SLS was added to the second diluent is shown in Fig. 5.  The
acrosome cap was present in 20.6  1.2% of viable sperm in
the OEP addition group and 12.2  1.7% of viable sperm in
the non-OEP addition group, being significantly higher
(P<0.01) in the former, immediately after thawing.  Simi-
larly, the acrosome cap was present in 30.8  1.4% of viable
sperm in the SLS addition group and 20.8  4.6% of viable
sperm in the non-SLS addition group, showing no signifi-
cant difference.

DISCUSSION

This study showed that addition of OEP or its main con-
stituent, SLS, along with glycerol to a cat ejaculate main-
tained it at a high quality after freeze-thawing, as in
cryopreservation of boar [12] and dog  [16, 17] semen.  In
this study, addition of OEP at 1% to the extender was effec-
tive for preservation of feline sperm properties during cryos-
torage.  Addition of 3 mg/ml SLS was also effective, though
its level of effect was lower than that of 1% OEP.

Axnér et al. [5] reported that addition of 0.5% Equex
STM paste to feline epididymal sperm resulted in lower
sperm motility 4–6 hr after thawing than when no Equex

Fig. 3. Time-course changes in post-thaw feline sperm viability for each treated group. The error
bars represent the standard error of the mean (n=6). Significantly different between the two
groups at P<0.05 (a) and P<0.01 (b).

Fig. 4. Sperm abnormality before freezing and immediately
after thawing for each treated group. The error bars represent
the standard error of the mean (n=6).

Fig. 5. The percentages of viable sperm with an intact acrosome
cap before freezing and after thawing. The error bars represent
the standard error of the mean (n=5). Significantly different
between the two groups at P<0.01 (b).
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STM paste was added.  This was not the case in the present
study: sperm motility did not decrease below the control
level (no addition) after addition of 1% OEP or 3 mg/ml
SLS to cat ejaculates.  Axnér et al. [5] examined sperm
properties by maintaining sperm at 38C after thawing,
while we examined them at 20C.  In their experiment,
sperm seemed to suffer toxic effects of glycerol and Equex
STM paste at higher temperature compared with the present
study.  Another possibility for this discrepancy may be the
origin of the sperm (epididymal or ejaculated sperm).

In Experiment 2, the 3 mg/ml SLS addition group showed
favorable time-dependent changes in sperm properties after
freeze-thawing compared with the other concentration
groups.  However, significant differences were observed
only in sperm motility and viability between the 3 and 0 mg/
ml SLS addition groups.

The percentage of viable sperm with an intact acrosome
cap was compared in each animal of the OEP and SLS
groups between with and without addition of 1% OEP or 3
mg/ml SLS.  Therefore, direct statistical comparison
between the OEP and SLS groups was impossible, but the
percentage of sperm retaining the acrosome cap was clearly
higher with than without addition of OEP (P<0.01), and this
result was in agreement with the report by Axnér et al. [5]
that the acrosome cap was protected by addition of Equex
STM paste.  This suggests that addition of 1% OEP to sperm
extender protects acrosome caps from cryoinjury.  On the
other hand, the protecting effect of 3 mg/ml SLS addition
seems to be poor compared with 1% OEP addition.

In Experiment 1, the beneficial effect of 1% OEP addition
disappeared 4 hr after thawing, although it continued for 6
hr in Experiment 2.  This discrepancy may be due to the sen-
sitivity of each sperm to OEP.  In Experiment 3, the differ-
ence in the percentages of viable sperm with an acrosome
cap between the 0% OEP and 0 mg/ml SLS groups immedi-
ately after thawing (12.2  1.7 vs. 20.8  4.6%, respectively)
is considered to have been caused by the difference in the
sperm used.

In conclusion, addition of OEP at 1% or SLS at 3 mg/ml
to the extender of frozen feline sperm was effective for pres-
ervation of sperm properties after freeze-thawing.  How-
ever, our results suggested that addition of OEP is superior
to addition of SLS, its primary component.  Thus, it is pos-
sible that an OEP component other than SLS has favorable
effects on frozen ejaculated cat semen.  Further studies are
necessary to compare the conception rates achieved by arti-
ficial insemination using cryopreserved semen.
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