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Abstract. The object of the present study was to investigate the validation of the sperm quality
analyzer (SQA) and the hypo-osmotic swelling (HOS) test with standard sperm analysis methods in
frozen-thawed ram and minke whale spermatozoa.  In rams, highly significant correlations were
observed in the percentage of motile spermatozoa (P<0.01) and sperm concentration (P<0.01) between
the standard and SQA methods.  But, the percentage of morphologically normal spermatozoa did not
significantly correlate between the standard and SQA methods.  The percentages of swollen
spermatozoa at 15 minutes by the HOS test were significantly correlated with the motility by the
standard (P<0.05) and by the SQA (P<0.05) methods.  For minke whale spermatozoa, the SVI (sperm
viability index) values by the standard method were significantly (P<0.001) correlated with the sperm
motility index (SMI) values by SQA.  The percentage of motile spermatozoa was also significantly
correlated (P<0.01) with the motility measured by SQA.  Using different hypo-osmotic solutions and
incubation times, the HOS test with 25, 100 and 150 mOsM did not show significant variations.
Motility observed by the standard method and the percentage of swollen spermatozoa were
significantly correlated (P<0.05).  These results indicate that the SQA and HOS test can be utilized to
assess the post-thawing motility of ram and minke whale spermatozoa, and that the SQA and HOS
test values are significantly correlated in ram spermatozoa.  However, sperm concentration and
morphologically normal spermatozoa are not assessed accurately by SQA in minke whales.
Key words: Sperm quality analyzer, Hypo-osmotic swelling test, Frozen sperm, Sheep, Minke whale

(J. Reprod. Dev. 50: 147–154, 2004)

tandard semen analysis has involved a number
of parameters such as sperm concentration,

motility, morphology, and live or dead sperm
proportion for the assessment of male fertility.
However, these parameters have a limited value for
predicting sperm fertilizability and pregnancy after
artificial insemination (AI).  Several assays have

been developed to evaluate functional parameters
of spermatozoa more objectively, such as zona-free
hamster egg penetration (ZHEP), triple staining,
sperm acrosome activity, the in vitro fertilization
(IVF) test, and various protein assays [3].  However,
for routine semen evaluation, a  test  that is
inexpensive, technically simple, and accurate,
needs to  be established.

The hypo-osmotic swelling (HOS) test has been
applied to various species such as dogs [5, 13],
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horses [17, 18], cattle [4, 21], pigs [19], and humans
[9, 25, 26].  The HOS test is a simple and useful
method, and it has been reported that a significant
correlation was obtained with in vivo fertility using
boar spermatozoa [19].  The HOS test is a stable
method with good reliability and repeatability for
stallion spermatozoa [18].  There was a good
correlation between the percentage of swollen
spermatozoa and the outcome of the ZFHP assay as
well as IVF outcomes in humans [11, 12].  On the
other hand, Rota et al. [21] did not find a correlation
between in vitro fertilization and the HOS test in
five frozen bull semen samples.

As a simple objective device for human semen
analysis, the sperm quality analyzer (SQA) has
been developed.  This SQA system initially was
proposed for bull spermatozoa in 1981 [2].  A new
version, SQA-IIB supplying numerical readouts of
the three main indices, sperm concentration,
motility and morphology, has been used for human
sperm analysis [1, 14, 15].  Iguer-Ouada and
Verstegen [10] reported that  data of dog semen
analyzed by SQA were as  reliable as those obtained
by a computerized sperm motility analyzer (HTM-
IVOS: Hamilton-Thorn Research, Danvers, U.S.A.).
However, the repeatability and accuracy of the
SQA method will depend on the number and
quality of motile spermatozoa in the ejaculate [10,
14].

It may be desirable to analyze raw semen rather
than frozen-thawed semen, because the physical
and functional characteristics of frozen-thawed
spermatozoa are changed during or after freezing
and thawing procedures.  However, to assess the
fertilizability before AI or IVF and to predict the
fertility of frozen-thawed spermatozoa after AI,
frozen-thawed semen is a more usable resource
than fresh raw semen.  Minke whale spermatozoa
ca n  no t  b e o bt ain e d  as  raw  se me n .   O n ly
spermatozoa frozen on the research vessel,
collected from vasa deferentia of minke whales
captured in the Antarctic Ocean are available at
present [8, 16].  A simple, practical and inexpensive
sperm analysis method is required for sheep AI and
minke whale IVF studies.

The objective of the present study was to
investigate the validation of the SQA and the HOS
test in frozen-thawed ram and minke whale
spermatozoa with standard sperm analysis
methods.

Materials and Methods

Preparation of ram semen specimens
The present study was approved by the Animal

Experimental Committee of Obihiro University of
Ag r ic u l t u re  a n d V e t e r i n a ry  M e d ic in e ,  in
accordance with Guiding Principles for the Care
and Use of Research Animals.

Fresh raw semen was collected from five mature
South Down and Merino × Dorset rams.  Only
semen specimens with more than 80% forward
movement and 3 × 109 sperm concentration were
diluted 5-fold with a diluent consisting of Tris (300
mM), glucose (27.75 mM), citric acid (94.7 mM),
glycerol (5%, v/v) and egg yolk (15%, v/v) [7, 22].
The diluted semen was cooled and frozen in pellet
form (0.2 ml in volume).  After storage of the frozen
semen in liquid nitrogen for 1–2 months, the
specimens were thawed at 37 C and used for
analyzing sperm quality .

Minke whale sperm specimens used in this study
were collected from vasa deferentia  of two (A, B)
mature minke whales  (body length: 8.19 and 8.71
meters, body weight: 6.3 and 7.3 tons, right and left
testicular weight: 1,825 and 1,929 g and 1,065 and
1,067 g for males A and B, respectively) captured in
December, 1999 for the Japanese Whale Research
Program with Special Permit in the Antarctic
(JARPA) in the area of 64 – 66°S, 136–153°E.  On the
research ship, the sperm specimen was diluted 5-
fold with the same diluent used for ram semen and
cooled to 5 C for 3 hours.  Thereafter, an aliquot of
0.2–0.3 ml in a 0.6 ml micro-centrifuge tube
(Quality Scientific Plastics; 502-PLNS, Porex Bio
Products Inc., U.S.A.) was frozen in a –80 C freezer
and placed into liquid nitrogen.  After storage for
2–3 months, the specimens were thawed at 37 C,
and used for analyses.

Sperm evaluation: Standard method
After thawing, the ram and minke whale sperm

specimens were immediately placed on a pre-
warmed glass slide and covered with a 18 × 18 mm
coverslip.  The percentage of motile spermatozoa
were determined subjectively by one observer
using phase-contrast optics (× 100 and × 400).
Classification of live and dead spermatozoa was
performed with eosin (1.67%, w/v)-nigrosin (10%,
w/v) staining [6].  Two hundred spermatozoa from
different fields on each slide were examined with a
microscope (× 400).  Viability was expressed as the
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proportions of non-stained (live) spermatozoa out
o f  t h e to ta l  cou n t ed .   T h e p e rce n ta g e s  of
m o r p h o l o g i c a l l y  n o r m a l  a n d  a b n o r m a l
spermatozoa were also assessed.  Finally, sperm
concentration in the specimens diluted with 3%
(w/v) saline solution in various ratios were
d e t e r m in e d w i t h  a  h e m o c y t o m e t e r .   F o r
comparison with the SQA method, values for
estimating sperm motility and viability (Sperm
Viability Index, SVI) were determined by the
standard method.  Briefly, the sperm motility
pattern was classified into four categories (+++, ++,
+, ±) and gave 100, 75, 50, 25, points were given to
each category, respectively.  The sum of four
categories multiplied by each point was divided by
100 to yield the final SVI value.

Evaluation with the Sperm Quality Analyzer (SQA)
Ram and minke whale sperm specimens were

analyzed by the SQA II-B (Medical  Electric
Systems, Migdal Haemek, Israel).  Following the
User’s Guide, each sample aspirated into the
accessory disposable capillary, was inserted into
t h e m ac h in e .   Th e  to ta l  f u n ct io n al  s pe rm
c o n c e n tr a t io n  ( TF S C ) ,  t h e  to t a l  s p e rm
c o n c e n tr a t io n ,  t h e  p e r c e n t a g e  o f  m o t i l e
spermatozoa, the percentage of morphologically
normal spermatozoa, and the sperm motility index
(SMI) which is a measurement of optical density
fluctuations caused by motile spermatozoa [1],
were displayed sequentially within 1 minute.  TFSC
value (× 105/mL) is the morphologically normal
and motile sperm concentration.  The average of
two readouts at 10-minute intervals was used as the
final result.

Evaluation with the hypo-osmotic swelling (HOS) 
test

For ram semen, a HOS solution consisting of
fructose (1.35%, w/v) and sodium citrate (0.735%,
w/v) at 157 mOsM was used [11, 12].  Aliquots of
the mixture (semen : solution  =  50 µL : 500 µL)
were incubated at 35 C at 15 minutes intervals until
60 minutes, to determine the time for the maximum
number of swollen spermatozoa.  After incubation,
1  or 2 drops of the treatment mixture were
examined on a slide coverslip  preparation by
phase contrast microscopy at × 400.  Two hundred
spermatozoa per slide were counted, and the
p r o p o r t io n  o f  s wo l le n  s p e rm a t o z o a  wa s
determined (number of spermatozoa with swollen

tails divided by the total number of spermatozoa
counted, multiplied by 100).

For minke whale sperm, the response to the HOS
test was assessed with fructose and sodium citrate
solutions at different osmolalities (10, 25, 50, 100,
150, 300 mOsM) and incubation times (0, 15, 30, 45,
and 60 min).  To avoid confusion with the number
of abnormal spermatozoa with coiled or bent tails
before the HOS-test, 200 frozen-thawed minke
w h a l e  sp e rm a t o z o a  w e r e  e xa m i n e d  f or
morphology of the sperm tail.  The number of pre-
curled spermatozoa before HOS test was expressed
as ‘pseudo’-swollen spermatozoa (X).   After
mixture with HOS solutions, the number (Y) of all
swollen spermatozoa was determined in each
treatment, and the proportion (%) of ‘true’-swollen
spermatozoa was calculated by the formula: (Y–X)/
200 × 100.

Statistical analysis
The proportions (mean ±  SEM) of swollen

spermatozoa in both ram and minke whales, were
analyzed by Duncan’s multiple range test using
Statistical Analysis System (SAS).   Pearson’s
coefficient of correlation (r=values) was calculated
[23], and relationships between the standard
method, the SQA method, and the HOS test were
analyzed  by SAS.   Values  were considered
significant when P< 0.05.

Results

Ram
Highly positive correlations were observed in the

percentage of motile spermatozoa (r=0.78; P<0.01)
and sperm concentration (r=0.86; P<0.01) between
the standard and SQA methods (Fig. 1 and 2).  The
SVI values by the standard method were also
significantly (r=0.60; P<0.01) correlated with the
SMI values by the SQA methods.  However, the
p e r c e n t a g e  o f  m o rp ho lo g ic a l ly  no r m a l
spermatozoa did not s ignificantly correlate
between the standard and SQA method.  Also, the
SVI values by the standard method were not
significantly correlated with the TFSC values by the
SQA method.

The response of sperm tails examined in the HOS
solution at 4 incubation times is shown in Table 1.
An increase of the incubation period was consistent
with an increase of the percentage of swollen
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spermatozoa except for the 60 min observation, and
no s ignif icant  dif ference was found in the
percentage of swollen spermatozoa between the
four incubation periods.  The percentages of
swollen spermatozoa observed at the 15 minute
observation were significantly correlated with the
motility obtained by the standard (r=0.57; P<0.05,
Fig. 3) and SQA (r=0.53; P<0.05, Fig. 4) methods.

Minke whale
The values of SVI examined by the standard

method were significantly (r=0.81,  P<0.001)
correlated with the SMI values obtained by SQA
(Fig. 5).  The percentage of motile spermatozoa by
the standard method was a lso signif icantly
correlated (r=0.80, P<0.01) with the motility values
measured by SQA (Fig. 6).  However, a significant

Fig. 1. Relationship of the motility of frozen-thawed ram
semen between the standard and the SQA methods.

Fig. 2. Relationship of the sperm concentration of frozen-
thawed ram semen between the standard and the
SQA methods.

Table 1. Percentage of swollen spermatozoa of frozen-
thawed ram semen at different incubation times
in hypo-osmotic solution 

Incubation Percentage of swollen 
times (minutes) spermatozoa (Mean ± SEM: %)

 0 41.5 ± 4.1a

15 47.2 ± 7.0b

30 46.9 ± 5.5b

45 46.6 ± 5.5b

60 44.8 ± 6.0a,b

Experimental conditions are shown in Materials and Meth-
ods.
a ,b Values with different superscripts are significantly differ-
ent (P<0.05)

Fig. 3. Relationship of the motility of frozen-thawed ram
semen assessed by the standard method and the HOS
test.

Fig. 4. Relationship of the motility of frozen-thawed ram
semen assessed by the SQA method and the HOS
test.

Fig. 5. Relationship between the sperm viability index (SVI)
assessed by the standard method and the sperm
motility index (SMI) assessed  by the SQA method in
frozen-thawed minke whale spermatozoa.
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correlat ion was not foun d in e ither  sperm
concentration (r=–0.17) or the percentage of
morphologically normal spermatozoa (r=–0.24)
between the standard and SQA methods.  Also, the
SVI values were not significantly correlated with
TFSC by the SQA method.

The results of HOS tests on frozen-thawed
spermatozoa derived from two minke whales (A
and B) are shown in Tables 2 and 3, respectively.
The post-thawing motility was greatly different
between males A (019: 52.3 ± 3.3%) and B (003: 9.0 ±

1.7%).  In male A (Table 2), 300 mOsM resulted in
significantly (P<0.05) lower numbers of swollen
spermatozoa between the incubation times (except
at 60  min utes),  an d ten ded to increase the
percentage of swollen spermatozoa with the longer
incubation period.  Treatment with 25, 100 and 150
mOsM did not show a significant variation at any
incubation period, but the percentage of swollen
spermatozoa tended to be higher at 100 and 150
mOsM than at other osmolalities.  At 15, 30 and 60
minutes of the incubation, the 150 mOsM treatment
showed a significantly higher number of swollen
spermatozoa as compared with the 10 or 25 mOsM
treatments.  In male B (Table 3), the percentage of
swollen spermatozoa treated with 10 mOsM
showed the lowest value at the 60 minutes
observation, which was significantly (P<0.05) lower
than treatments with higher osmolality.  Also, the
60 minutes observation showed lower (P<0.05)
percentages of swollen spermatozoa in 10, 50, and
300 mOsM treatments.  The relationship between
m o t i l i ty  a n d t h e  p e r ce n t a g e  o f  s w o l l e n
spermatozoa was only examined in male A.  The
percentage of swollen spermatozoa were always
higher than the percentage of motile spermatozoa

Fig. 6. Relationship of the motility of frozen-thawed minke
whale spermatozoa between the standard and the
SQA methods.

Table 2. Effects of different osmolality hypo-osmotic solutions and incubation times on the swelling of
frozen-thawed minke whale spermatozoa (Male A: No. 019)

Incubation Osmolality  (mOsM)
times

(minutes) 10 25 50 100 150 300

0 52.8Aa  ± 3.0 57.2a    ± 6.7 60.2Aa ± 2.7 56.5a   ± 1.5 57.3a  ± 5.9  21.5Ab ± 4.3
15 35.7Bab ± 5.8 41.5ab  ± 7.0 57.3Ac ± 5.1 54.7c   ± 2.2 55.5c  ± 2.6  25.7Ab ± 5.3
30 37.5ab  ± 3.3 38.8abc ± 9.1 51.2ad ± 2.2 53.8cd ± 0.7 57.5d  ± 3.0  33.7b   ± 5.2
45 38.0     ± 3.8 38.8     ± 11.3 50.5    ± 3.3 56.2    ± 0.7 57.8a  ± 0.4 37.2b    ± 7.4
60 35.8Ba  ± 6.8 34.0a    ± 10.0 44.5B  ± 5.5 52.7    ± 3.8 57.5b  ± 2.9 43.7B    ± 1.9

The values are shown as Mean ±  SEM: %.
The different superscripts in columns (A, B) and rows (a, b, c, d) are significantly different (P<0.05).

Table 3. Effects of different osmolality hypo-osmotic solutions and incubation times on the swelling of frozen-
thawed minke whale spermatozoa (Male B: No.003)

Incubation Osmolality  (mOsM)
times

(minutes) 10 25 50 100 150 300

0   17.8A  ± 1.7 15.2 ± 6.0 12.0A ± 1.7 14.3A  ± 3.6 15.5  ± 1.7 10.8A ± 2.4
15 9.7B  ± 1.7 15.8 ± 4.7   9.5   ± 4.2   15.3    ± 2.1 14.7  ± 1.6 11.5  ± 1.8
30 7.2B   ± 2.7 10.2 ± 5.4  17.5   ± 6.1 9.7B   ± 1.9   9.7  ± 1.9   8.0   ± 2.5
45 7.7B  ± 0.9 10.2 ± 3.2 10.5   ± 3.3  11.5    ± 1.0 11.5  ± 1.0   8.8   ± 0.2
60 4.7Ba ± 1.8 8.5b ± 2.1 10.8Bb ± 0.7 12.8b  ± 1.4 12.8b ± 1.4   7.3Bb ± 1.7

The values are shown as Mean ±  SEM:%.
The different superscripts in columns (A, B) and rows (a, b) are significantly different (P<0.05).



FUKUI et al.152

during the 60 minutes of observation.  The motility
by the standard method and the percentage of
swollen spermatozoa by the HOS-test were
significantly correlated (r=0.94; P<0.05, Fig. 7).

Discussion

In the present study, relationships between
standard sperm analysis method (motility, sperm
concentration, and normal morphology), the SQA
and the HOS test in frozen-thawed ram and minke
whale spermatozoa were investigated.  The reason
for using rams and minke whales in this study is
that the two animals are seasonal breeders with
some similarities in reproductive morphology and
physiology, and it is considered that a sheep model
could possibly be used for understanding of whale
reproduction, although the two species were not
directly compared in this study.  Generally, sperm
evaluation has been performed on raw semen, but
it does not always correlate with the outcome of
fertilization or fertility in animals following AI.
Sperm analysis using frozen-thawed semen may
more accurately predict the fertil izablity of
spermatozoa before AI or IVF as some workers
have reported in cattle [4, 21] and horses [17].

I n  f ro z e n - t h a w e d  r a m  se m e n ,  s p e r m
concentration and post-thawing motility examined
by the standard methods were significantly
correlated with the values measured by the SQA.
The motility by the SQA method was higher than
the values by the standard method (Fig. 1), and the
SQA method appears to have underestimated
sperm concentration as compared  with the
standard method (Fig. 2).  However, the differences
in the motility and sperm concentration between

the SQA and standard methods were consistent.  In
minke whales, the post-thawing motility by the
standard method was significantly correlated with
the SQA value, but sperm concentration was not
correlated.  The minke whale spermatozoa were
collected from vasa deferentia after death from
animals captured in the Antarctic Ocean during the
feeding season  (December in the southern
hemisphere).  To obtain ejaculated semen from live
minke whales is technically impossible at present.
Baleen whales including minke whales migrate
th r ou g h  th e  n o r th e r n  o r  s ou t h er n  oc ea n s
throughout the year and they are believed to be
seasonal breeders.  During the feeding season in the
Antarctic, minke whales are out of the breeding
season (August to October).  In the present study,
the re lat ion ship b etween  mot il i ty and th e
percentage of swollen spermatozoa was only
examined in Male A, because of the low post-
thawing motility and  high proportion of abnormal
spermatozoa in Male B.  Mogoe et al. [16] reported
that more than 80% of the southern minke whale
spermatozoa during the feeding season were
morphologically abnormal.  Therefore, the SQA
might not have counted all sperm heads of minke
whale spermatozoa, and this may have led to the
lack  of  a  s ign i f i ca nt  co rre la t ion  of  s pe rm
concentration between the standard and SQA
methods.  In the present study, motility was
significantly correlated between the SQA method
and the HOS test for ram spermatozoa.  For minke
whale spermatozoa, motility by the standard
method was significantly correlated with the values
by the SQA method and the HOS test.  However,
the relationship on sperm motility between the
SQA method and HOS test was not examined in the
present study, because the HOS test conditions
were not determined due to the use of only 2 males
with different motility.  The HOS test has been
reported as a  simple, inexpensive, and reliable
method for several mammalian species,  such as
cattle [4, 20, 24], horses [17, 18], pigs [19], dogs [5,
13], and humans [9, 25].  However, Rota et al. [21]
using five samples of frozen-thawed bull semen
reported that there was no significant correlation
between in vitro fertilization and the HOS test.  The
sperm motility of raw and frozen-thawed semen
was similar in the five rams used in the present
study, but the post-thawing motility of the two
male mike whales were quite different and only
small samples from a minke whale (Male A) were

Fig. 7. Relationship of the motility of frozen-thawed minke
whale spermatozoa assessed by the standard
method and the HOS test.
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available  for the HOS test.   HOS solutions
containing fructose and sodium citrate have been
employed for the HOS test in different mammalian
species: 60 mOsM for dogs [13] and 100 mOsM for
cattle [21] and horses [18].  The present HOS
solution for ram spermatozoa was adapted to 157
mOsM following the report of Jeyendran et al. [11,
12].  An incubation period of 60 minutes using
frozen-thawed ram semen did not show any
d i f f e re n ce  i n  th e  p e r ce n t a g e  o f  s w o l l e n
spermatozoa.  Nie and Wenzel [18] incubated
stallion spermatozoa for 15 to 180 minutes, and
r e p o r t e d  t h a t  t h e  p r o p o r t io n  o f  s w o l l e n
spermatozoa did not differ in samples incubated at
37 C for between 15 and 180 minutes.  Other
workers incubated horse [17], dog [13] and cattle
s p e r m a t o z o a  f o r  3 0 ,  4 5  a n d 6 0  m in u t e s ,
respectively.  A shorter incubation time (5 minutes)
has also produced tail swelling as most swelling
occurs within 1 minute [19, 21].   Therefore, it
should be possible to shorten the incubation time
used in the present study (15 minutes).

For minke whale spermatozoa, an HOS solution
at 100 or 150 mOSM resulted in constantly high
numbers of identifiable swollen spermatozoa.  An
HOS solution at 10, 50 or 300 mOsM with 60
minutes incubation time resulted in a lower
percentage of swollen spermatozoa.  The reason for
the lower percentage of swollen spermatozoa in an
HOS solution with the lower osmolality  (10 or 25
mOsM) in minke whales is unknown.  Differences
o b s e r v e d  in  t h e  p e rc e n t a g e s  o f  s w o l l e n
spermatozoa could have resulted from different
HOS solutions containing various sugars, types of

spermatozoa (fresh or frozen-thawed) and animals
used [4, 11, 13].  Especially, spermatozoa with
membrane damaged or inactivated during the
freezing-thawing process are unable to support
osmotic swelling [17].  Although the present HOS
test results show that the optimal osmolality of a
HOS solution for frozen-thawed minke whale
spermatozoa is in the range between 100 to 150
mOsM similar to those of other mammalian species
[4, 11, 18, 21], the most appropriate conditions for
osmolality of the HOS solution and incubation time
for the HOST test in post-thaw minke whale
spermatozoa remains to be determined in a future
study.

From the results of the present study, it was
concluded that: 1) the SQA and the HOS test can be
utilized to assess the post-thawing motility of ram
and  minke  whale frozen-thawed spermatozoa; 2)
the values by the SQA and the HOS-test were
significantly correlated in ram spermatozoa; 3) the
values of SVI and TFSC by the standard and SQA
methods respectively, were not significantly
c o rr e la t e d  in  e i t h e r  r a m  o r  m in k e  w h a le
spermatozoa; and 4) sperm concentration and
morphologically normal minke whale spermatozoa
were not assessed accurately by the SQA method.

Acknowledgements

The authors thank the Captain and crew of the
research base ship, Nisshin-maru, for their help in
obtaining minke whale spermatozoa.

References

  1. Bartoov B, Ben-Barak J,  Mayevsky  A,  Sneider M,
Yogev L, Lightman A .  Sperm motility index: a new
parameter for human sperm evaluation. Fertil Steril
1991; 56: 108–112.

  2. Bartoov B, Kalay D, Mayevsky A. Sperm motility
analyzer (SMA) a practical tool of motility and cell
concentration determinations in artificial
insemination centers. Theriogenology 1981; 15: 173–
182.

  3. Braundmeier AG, Miller DJ. Accurate molecular
markers of male fertility: where do we go from here?
Embryo Transfer News  Letter 2001; 19: 4–10.

  4. Correa JR, Zavos PM. The hypoosmotic swelling
test: its  employment as an assay to evaluate the

functional integrity of the frozen-thawed bovine
sperm membrane. Theriogenology 1994; 42: 351–360.

  5. England GC, Plummer JM. Hypo-osmotic swelling
of dog   spermatozoa. J Reprod Fertil Suppl 1993; 47:
261–270.

  6. Evans G, Maxwell WMC. Handling and
examination of semen. In: Evans G, Maxwell WMC
(eds), Salamon’s Artificial Insemination of Sheep
and Goats. Butterworths, Sydney, Australia; 1987:
93–106.

  7. Fukui Y. Effects of diluents, thawing temperatures
and materials of thawing containers on survival of
ram spermatozoa frozen by the pellet method. Jpn J
Anim  Reprod 1979; 25: 160–169.



FUKUI et al.154

  8. Fukui Y, Mogoe M, Jung YG, Terawaki Y,
Miyamoto A, Ishikawa H, Fujise Y, Ohsumi S.
Relationships among morphological status, steroid
hormones, and post-thawing viability of frozen
spermatozoa of male minke whale (Balaenoptera
acutorostrata). Mar Mam Sci 1996; 12: 28–37.

  9. Hossain AM, Rizk B, Barik S, Huff C, Thomeycroft
IH. Time of hypo-osmotic swellings of human
spermatozoa: evidence of ordered transition
between swelling subtypes. Hum Reprod 1998; 13:
1578–1583.

10. Iquer-Ouada M, Verstegen JP.  Validation of the
sperm quality analyzer (SQA) for dog sperm
analysis. Theriogenology  2001; 55: 1143–1158.

11. Jeyendran RS, Van der Venn HH, Perez-Pelaez M,
Crabo BG, Zaneveld LJD. Development of an assay
to assess the functional integrity of the human
sperm membrane and its relationship to other
semen characteristics.  J  Reprod Fertil 1984; 70: 219–
228.

12. Jeyendran RS, Van der Venn HH, Zaneveld LJD.
The hypoosmotic swelling test: an update. Arch
Androl 1992; 29: 105–116.

13. Kumi-Diaka J. Subjecting canine semen to the
hypo-osmotic test. Theriogenology 1993; 39: 1279–
1289.

14. Mahmouds AMA, Gordts S, Vereecken A,
Serneels A, Campo R, Rombauts L, Comhaire FH.
Performance of the sperm quality in predicting the
outcome of assisted reproduction. InterJ Andro 1998;
21: 41–46.

15. Markler A, Shiran E, Geva H, Mashiah T.
Evaluation of the SQA IIB: a new version of a sperm
quality analyzer. Fertil Steril  1999; 71: 761–764.

16. Mogoe T, Fukui Y, Ishikawa H, Ohsumi S.
Morphological observation of frozen-thawed
spermatozoa of southern minke whales
(Balaenoptera acutrostrata). J Reprod Dev 1998; 44: 95–

100.
17. Neild D, Chaves G, Flores M, Mora N, Beconi M,

Aquero A. Hypoosmotic test in equine
spermatozoa. Theriogenology  1999; 51: 721–727.

18. Nie GJ, Wenzel JGW.  Adaptation of the
hypoosmotic swelling test to assess functional
integrity of stallion spermatozoa plasma membrane.
Theriogenology  2001; 55: 1005–1018.

19. Perez-Llano B, Lorenzo JL, Yenes P, Trejo A,
Garcia-Casado P. A short hypoosmotic swelling test
for the prediction of boar sperm fertility.
Theriogenology 2001; 56: 387–398.

20. Revell SG, Mrode RA. An osmotic resistance test
for bovine semen. Anim Reprod Sci 1994; 36: 77–86.

21. Rota A, Penzo N, Vincenti L, Mantovani R.
Hypoosmotic swelling (HOS) as a screening assay
for testing in vitro fertility of bovine spermatozoa.
Theriogenology  2000; 53: 1415–1420.

22. Salamon S, Visser D. Effect of composition of Tris-
based diluents and of thawing solution on survival
of ram spermatozoa frozen by the pellet method.
Aust J Biol Sci 1972; 25: 605–618.

23. Snedecor GW, Cochoran WG. Statistical Methods.
Iowa, Iowa Stare University Press; 1989.

24. Trojacanec P, Kocoski L, Dovenski T, Petkov V,
Popovski K, Trojacanec S, Andonov S. In vitro
fertilization potential correlates with mechanical
and functional integrity of the sperm plasma
membrane. 14th Int Congr Anim Reprod  2000; 2: 81
(Abstract No. 15).

25. Tsai YL, Liu J, Garcia JE, Katz E, Compton G,
Baramki TA. Establishment of an optimal hypo-
osmotic swelling test by examining single
spermatozoa in four different hypo-osmotic
solutions. Hum Reprod 1997; 12: 1111–1113.

26. Uchida A, Takahashi K, Kitao M. Usefulness of the
hypo-osmotic swelling test for evaluation of human
sperm fertilization. Hum Reprod 1992; 7: 1264–1267.


