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One of the most important parameters in the evalua-
tion of fertility in a particular male, or in the assessment
of semen preservation, is the analysis of sperm viability
(1, 19). Sperm viability is known to be dependent on the
integrity of the plasma membrane and on complex bio-
synthetic activities (15). The functional and structural
integrity of sperm membrane are crucial for the viability
of spermatozoa. Several methods have been used to di-
stinguish between viable and non-viable cells, such as
the nigrosin-eosin stain (10), and the fluorescent probes
carboxyfluorescein diacetate; propidium iodide (8, l1)
and Hoechst (5). The cornmonly used staining test (eosin-
-nigrosin, fluorometric stains) for assessing sperm mem-
brane measures only its structural integlity. The fluoro-
metric staining is a rapid and reliable assay for determi-
ning structural membrane integrity of spematozoa. Fluo-
rescent stains can be divided into two major groups: live
cell stains and dead cell stains. Live cell stains are sub-
strates for enzymes active only in viable cells, or stains
for which the fluorescence is dependant on functional
ion pumps, present only in viable cells - calcein acetyl-
methyl ester. Dead cell stains cannot permeate the mem-
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branes and will stain only cells that are dead or have
darnaged membranes (l1). Live cell stains are used in
combination with dead cell stains in microscopic and
flow cytometric studies (25). It has been argued that some
of these methods are unreliable because, in some spe-
cies, sperm cells show partial staining (eosin-nigrosin)
or because they may overestimate the number of non-
viable sperrnatozoa (fluorescent probes: 22).

The hypoosmotic swelling test (HOST) originally de-
veloped for human sperm (2) has been also applied to
several species of domestic animals. The test enables to
evaluate the functional status of the sperm membrane.
The principle of HOS is based on water transport across
the sperm tail membrane under hypoosmotic conditions.
It has previously been used to assess the semen quality
(21), to ana|yze fertilizing capacity (18, 20) and also to
detect viable, immotile cells for ICSI (Intra-cytoplasmic
sperm injection) in human (I3,26), Thus the membrane
integrity as well as functionality may be affected as shown
by Hanison (11).

Therefore, the aims of the present study were to quan-
tify the ability of various methods for evaluation of
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Summary

Routine semen ana|ysis includes measurements of sperm concentration, motility, and morphology. In our
study three additional tests were evaluated in relation to sperm motility and viability: a combination of two
fluorophore probes, calcein aceĘlmethyl ester and ethidium homodimer-1 (EH), eosin-nigrosin stain, and hypo-
osmotic swelling _tests. The study was performed on semen of 5 Lithuanian White boars. The investigations were
conducted during a 3 month period in the years 2000-2001, sperm qualitative parameters were estimated in each
boar's native and diluted with BTS extender semen sample of each boar each week for l0 weeks. Over 150
records were inc|uded in the analysis. The number of non-motile, less agile, non-viable spermatozoa decreased
and sperm agglutination rate increased gradually with the time of incubation. The means + SD of slvollen,
fluorescent and unstained spermatozoa were 32.61+19.26;69.1l+2I.54;60.7l+25.97 for the IIOST' Cam/EH and
eosin-nigrosin technique, respectively. No significant differences rvere found between the results obtained using
the eosin-nigrosin and the Cam/EH techniques. However, there were differences (P<0.05) between these
techniques and HOST.

The results demonstrated that all three fluorescence methods were strongly correlated. Both staining methods
(eosin-nigrosi,n and calcein acetylmethyl ester and ethidium homodimer) showed the highest positive corre-
lation (r: 0.83, P <0.0001). The Cam/EH and HOST parameters correlated significantly with sperm motility,
agility and agglutination rate parameters, the strongest correlations were achieved between hypoosmotic
swelling test for both motility (r: 0.85, P < 0.001) and agility (r:0.72, P <0.0001). There was no significant
correlation between the results of E-N test and sperm motility, agility and agglutination parameters. However,
comparatively high negative correlations were observed between E-N parameter and sperm head abnormalities
(r : -0,4, P < 0.001) and acrosomal defects (r: -0.62, P < 0.001).
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boar's spenn viability and to examine the interrelation-
ships among these plasma membrane integrity palame-
ters with sperm motility and morphology parameters, and
to analyze changes in sperm motility, agility, agglutination
and spetm membrane integrity after long term storage.

Mateilal and methods

Animals and semen. This study comparęs three different
methods for the evaluation of boar sperm viability and exami-
nes the inter:relationships between viability and motility of
liquid semen, stored for 9 days. The 5 Lithuanian White boars
were chosen for the experiments at AI center ,,Litgenas" (age

of the boars was similar). Semen was collected from boars
using the gloved hand technique on a phantom mount. The
semęn-collection frequency was constant: thręę to two times
per two weeks. The investigations węrę made during a 3 month
period in years 2000-2001 , sperm qualitative parametęrs werę
estimated in each boar's native and diluted with BTs exten-
der semen sample each węęk for 10 weeks and over 150
records were included into the analysis.

Assessment of native and diluted semen motility, agili-
ty, agglutination rate and sperm morphology. At the
beginning of the experiment the spetm-rich fraction of ęach
ejaculate and thę same fraction dilutęd with BTS ęxtender
were evaluated for motile spermatozoa, spenn agiliĘ agglu-
tination rate, molphology, and viability in order to get assu-
rance in absence of individual differęnces between sperm
quality parameters among the boars. Boars with significantly
different paramęters werę excluded from the experiment
because individual with lower levęls of semen quality are
experiencing a real decline (7).

Sperm motility assessment of samples gave the valuęs for
total and progressive motility in undiluted and dilutęd with
BTS and stored for 9 days semen. The percentage of viable
spęrm was męasured by microscopic examination as the per-
centage of viable progressively,motile sperm. This was usęd
as an estimate of sperm motility (SM). Sperm agility (SA) and
agglutination rate (AR) were assessed in fresh and diluted
sęmęn by microscopic examination as a percentage of agile
(3 very high, 2 -high,1 slight and 0 - no agility) and agglu-
tinated (0 - no agglutination, l slight,2 - avęrage! 3 high
agglutination rate) sperm (17). The percentage of spermato-
zoa with pathological heads (PH), pathological tails (PT) and
acrosomal defects (AD) was detęrmined according to methods
described by Williams (24') and Hancock (10),

Assessment of sperm membrane integrity. One artificial
insęmination dosę from each of 5 boars diluted with BTs was
stored for 9 days at l7-20'C. Plasma membrane
integrity of each dose was evaluatęd in thręe dif-
ferent ways. First, a combination of two fluoro-
phore probes, calcein acetylmethyl ester and ethi-
dium homodimer-1 (CarrVEH) (Sigma Chemical
Co. (St. Louis, MO, USA), was usęd to stain sam-
ples for fluoręscence microscopic analysis by
making semen smears (11), Secondly, semen sam-
ples were stainęd with eosin-nigrosin staining
solution (E-H) Exclusion of ęosin stain was used
to evaluate sperm viability as the percentage of
viable spermatozoa (6). Tree groups of the cells
were counted during microscopic examination -
unstained (alive), half-stainęd and stained, The
number of half-stained cells was added to the dead
in both sperm membrane integrity methods

(Cam/EH and E-N), because they are considęred to have un-
dergone some changes in the membrane. Thirdly, hypoosmotic
swelling tests (HOST) that evaluate the functional integrity
and stability of the sperm męmbrane under extreme osmotic
conditions were used (23).

Statistical analysis. Statistical analyses were performed
using the SPSS statistical package and one-way ANOVA was
perfotmed to determine whether there werę significant diffe-
rences among the variables (9). The statistical model inclu-
ded the effect of sperm storage time. Diffęrences bętween the

groups were analyzed using the Sheffe method of multiple
comparisons. Differences were regarded to be statistically sig-
nificant when P < 0,05. Relationships between the variables
were assessed using Spearman's rank correlation matrices.

Results and discussion

This study was undeltaken to compare three different
methods for assessment of spenn membrane integrity
and estimate their relationship to sperm motility, agility,
agglutination rate and morphology in semen stored for 9
days. Boars used in artificial insemination have been
selected for high semen quality and fertility (Table 1),

and semen from these boars averaged 80,6% unstained
sperTn, percentage of abnormalities was within the marks,
and fertility ranged from 64%o to 760ń.

The semen analysis data and the results of three spelm
membrane integrity (or vitality) tests obtained from the
stored in BTS diluents samples are shown in Table 2.

The number of non-motile, less agile, non-viable sper-
matozoa decreased and agglutination rate of sperm in-
creased gradually with the time of incubation. The via-
bility remained over 85oń at48 for both Cam/EH and E-N
methods, howevef, the sperm viability of semen estima-
ted by HOST was significantly lower on Dai 1 or later
compared to the other methods. On the Day 4 of storage,
the viability by HOST was (27,00 + 2.46), wile the via-
bility assessed by Cam/EH and E-N was still high (68,25
+ 5.ż4,79.66 + 5.60). Viability then decreased obvio-
usly for all viability methods. Figure 1 illustrates the re-
sults of the 3 methods measuring of boar sperm mem-
brane integrity. The means ł SD of swollen, fluorescent
and unstained spermatozoawęrę 3ż.6I + 19.26;69.11 +

2I.54 60,7l +25.97 for the HOSI Cam/EH and eosin-
-nigrosin technique, respectively. No signifi cant differen-
ces were found between the results obtained using the
eosin-nigrosin and the Cam/EH techniques. However,

Fig. 1. Percentage of viable spermatozoa in various measurements during
the storage time
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there were differences (P < 0.05) between these techni-
ques and HOST.

Table 3 demonstrates the corelation of the three spetm
membrane integrity tests with sperm motility, agility,

agglutination rate and morphology. All plasma membrane
integrity parameters conelated significantly (P < 0.001)
with each other, yet both staining methods (eosin-nigro-
sin and calcein aceĘlmethyl ester and ethidium homo-

dimer) showed a highest positive correlation
(r:0.83, P < 0.0001). The Cam/EH and HOST
parameters correlated significantly with sperm
motility, agility and agglutination rate parame-
ters, the strongest correlations were achieved
between hypoosmotic swelling test and both
motility (r : 0,85, P < 0.001) and agility (r :
0.7ż,P < 0.0001). Therewas no significant cone-
lations between the results of E-N test and sperm
motility, agility and agglutination parameters,
howeveą comparatively high negative correla-
tions were observed between E-N parameter and
sperm head abnormalities (r: 0.4,P < 0.001),

and acrosomal defects
(r--0.62,P<0.001).

This study focuses on
the evaluation of the
functional states of sper-
matozoa, the plasma
membranę integrity du-
ring liquid preservation.
This is based on the ra-
tionale that spermatozoa
in order to retain their
fertilizing capacity must
be viable and motile du-
ring storage. Although
spenn motility is rather
obvious, true viability is
somewhat more difficult
to asses.

The result of this stu-
dy indicate that the pro-
portion ofnon-viable cells
identified by staining

Tab. 1. Sperm quality evaluation in native semen samples (mean diffe-
rence§ among boars are not sigńificant)

Tab. 2. Estimates of the effects of sperm storage time on sperm motility, agility, agglutination rate
and viability (Mean + SEM)

Explanations: Diffęręnt uppercase alphabets in superscript in each row show significant differences
(P < 0.05) among differęnt parameters, different lowercase alphabets in superscript in each column
show significant differences (P < 0.05) among time points

Tab.3. Correlation coefficients for semen qualitative parameters
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with the fluorescent probes CamlEH, HOS-test or
with the cytosolic stain eosin, may differ depending on
which vital stain is used. These differences emphases
the need for careful interpretation of sperm functional
sfudies when these stains are used to distinguish between
viable and non-viable cells before quantification of cel-
lular responses, such as occurrence of the acrosome
reaction. Spermatozoa showed that Cam/EH and E-N
stained consistently more cells than were estimated using
HOST. Although the structural and functional integrity
of sperm membrane are closely related (4), the percen-
tage of spermatozoa responding by swelling was smal-
ler than the percentage of unstained(47 .8% less) or fluo-
rescent (54% less) spermatozoa. The differences in the
percentages obtained may be because HOST evaluates
different aspects of sperm membrane than other spenn
membrane tests or the membranes of some spermatozoa
are inactivated when they come into a contact with the
hypoosmotic solution. The HOST evaluates the functio-
nal integrity ofplasma membrane (based on osmotic pro-
perties of plasma membrane) while the exclusion test
shows the structural integrity of sperm membrane (ba-
sed on impermeability for larger dye molecules). Live
spermatozoa may have a non-functional membrane, in-
capable of swelling but still structurally intact (23). In
ceftain situations, spenn may have an intact membrane
but be immotile, and in these cases supravital stains can
differentiate immotile but structurally intact sperm
(unstained) (3). This also suggests that structural chan-
ges occuTred later than functional, as mentioned by
Li-Jun Huo (14).

A significant high correlation was observed between
spenn curling (HOST) and motility. This is in agreement
with Ming-Huei Lin, Morshedi M. (16). This higher cor-
relation between curling and motility is not surprising,
since sperm motility depends partly on membrane trans-
port (membrane integrity) andpartly on otherbiochemi-
cal activities such as sperTn metabolism (12). But the
association between spenn curling and sperm morpho-
logical abnormalities was low. In spite of that high ne-
gative R values conesponded to the viability assessed
by E-N and sperm acrosome defects (swelling of the
apical ridge, irregular shape). Number of sperm with
acrosomal deteriorations and number of half stained with
eosin spermatozoa grew constantly during the storage.
It is known that biological and biophysical properties of
plasma membrane differ between the acrosomal and
postacrosomal regions of the spelm head. It seem there-
fore natural that deterioration in the plasma membrane
proceeds in different ways at different regions. Thus, half-
stained spermatozoa are considered to have undergone
some changes in the membrane and to have lower viabi-
lity and poor fertilizing ability (2).

Comparison of these three viability methods for as-
sessing boar spern viability, has shown all three to be
useful and strongly intercorelated. It seems that HOST
measurement could prove useful for functional plasma
membrane integrity studies in liquid boar semen. The
HOST{est could be used as an addition to standard se-
men analysis, to indicate those animals that could be

subfertile despite a normal spermiogram, Use of the
objective and fast eosin-nigrosin viability assay is thus
suitable for several applications in sperm studies. Since
eosin-nigrosin stain permits quick preparation of smears
which can be examined by a conventional bright-field
microscope, the technique would be a useful tool for
acrosomal evaluation under field conditions.
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