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Abstract

Routine methods for the evaluation of sperm quality are not sufficiently useful to determine 
the sensitivity of sperm cells to cold shock. The aim of our preliminary study was to determine 
whether the sperm plasma membrane integrity evaluated by modified hypoosmotic swelling 
test based on simple hypoosmotic swelling test (HOS test) and eosin-nigrosin staining could 
be helpful in predicting the degree of boar sperm survivability during semen cryopreservation. 
Ejaculates collected from 24 boars and 20 bulls were used in the experiment. Fresh ejaculates 
were evaluated by routine sperm analysis and a modified HOS test, and subsequently frozen. 
Sperm cryosurvivability was defined as the percentage of motile spermatozoa that survived 
the freezing process. A higher percentage of sperm was recovered after the thawing of semen 
with a higher percentage of HOS-positive and eosin-negative sperm (P < 0.01). Both indicators 
were found to be correlated (r = 0.707 and r = 0.705, respectively; P < 0.01). Moreover, the 
percentage of HOS-positive and eosin-negative sperm was similar to the percentage of viable 
sperm after thawing as determined by traditional eosin-nigrosin staining in boars (50.90 ± 9.88% 
and 49.31 ± 11.63%, respectively) and bulls (55.91 ± 10.34% and 55.63 ± 6.64%, respectively) 
and both indicators showed a positive correlation (r = 0.558 and r = 0.504, respectively; P < 0.05). 
In conclusion, based on the obtained results, we can assume that the modified HOS test can detect 
differences in sperm membrane resistance which allows assessment of semen quality from the 
perspective of its further use, e.g. cryopreservation. 

Ejaculate, membrane, viability, survival test, freezing, semen analysis

As the use of artificial insemination with preserved semen forms a large part of 
reproductive technologies, production of high-quality insemination doses is of major 
interest. Various approaches to improving the quality of frozen-thawed sperm have been 
used in relation to changes in the holding times before freezing; new packaging systems; 
addition of various additives; use of intrauterine artificial insemination etc. However, there 
is great variability among individual animals in sustaining sperm cryopreservation.

Cryopreservation of semen is associated with different injuries to the spermatozoa, 
such as cold shock, osmotic stress, cryoprotectant intoxication and intracellular ice crystal 
formation during freezing and thawing. Therefore, the cryopreservation process results in 
reduced fertility compared to fresh semen. Boar spermatozoa, especially, are characterized 
by marked inter-individual differences in their resistance to cold shock and freezing (Holt 
et al. 2005). In comparison with other farm animals, boar spermatozoa have a higher 
unsaturated/saturated fatty acid ratio and lower cholesterol content, and thus their response 
to decreasing temperatures is stronger (Parks and Lynch 1992).

We need to identify those studs and/or ejaculates that will better survive the preservation 
process. The question that motivated our study was as to whether we were able to predict the 
ability of sperm to survive the preservation process merely on the basis of the assessment of 
fresh semen. However, routine methods for the evaluation of semen quality are considered 
insufficient to determine the sensitivity of sperm cells to cold shock (Amann 1989; Roca 
et al. 2006; Casas et al. 2010).
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Sperm plasma membrane integrity is commonly evaluated by intravital staining 
tests documenting a change in the permeability of the plasma membrane or by a test 
of membrane tolerance and resistance to hypo-osmotic conditions (HOS test). Simple 
HOS test, introduced by Jeyendran et al. (1984) is still widely used for the evaluation 
of both human and animal semen. The rationale of the test is based on the assumption 
that after the passage of fluid into an undamaged membrane of a live sperm under hypo-
osmotic conditions, coiling of sperm tails occurs. However, poor quality spermatozoa 
with borderline membrane integrity will exhibit swelling in simple HOS test, thereby 
yielding false positive results. By combining supravital staining with HOS test, based on 
eosin-nigrosin staining of semen samples that underwent HOS test and eosin-nigrosin 
staining, the number of false positive results can be reduced (Chan et al. 1991). Moreover, 
modified HOS test (mHOST) brings more information about the integrity of the whole 
sperm membrane because HOS test gives information regarding the sperm tail membrane 
integrity, while the sperm viability test is more specific in evaluating the integrity of 
the sperm head membranes. It has been shown that the membranes in the head and tail 
compartments have different lability (Hammerstedt 1979).

Accordingly, based on the above mentioned facts, the aim of our preliminary study was 
to investigate whether plasma membrane integrity, evaluated by mHOST, can be helpful in 
predicting the degree of boar and bull sperm survivability during semen cryopreservation.

Materials and Methods

Fresh bull (Experiment 1) and boar (Experiment 2) ejaculates were evaluated by routine sperm analysis and by 
modified HOS test and were then frozen in straws.

The standard fresh semen analysis included total sperm count, total sperm motility and progressive sperm 
motility, and plasma membrane integrity (viability)  –  evaluated by eosin nigrosin staining (World Health 
Organization 2010). Semen volume was measured using a graduated vial and concentration was measured in 
a Bürker chamber. Sperm motility (and progressive motility) was analysed under an optical microscope at × 
200  magnification. Sperm morphology was evaluated according to Tygerberg’s strict criteria (Kruger et al. 
1986). Samples were stained for sperm morphology analysis according to Farelly (smears were fixed in 3.5% 
formalin and stained with 5% aniline blue for 10 s and 0.5% crystal violet for 6 s) and evaluated with the use of the 
SASMO computer program (Strict Analysis of Sperm Morphology; Veznik et al. 2001). The analysis of sperm 
motility and viability was carried out also after the semen samples were thawed. 

The principle of modified HOS test is based upon the addition of 0.1 ml of fresh semen to 1 ml of a hypo-
osmotic solution equilibrated to 37  °C (World Health Organization 2010). The sample was then incubated at 
37 °C for 30 min. After incubation and mixing, the sample was smeared on a slide. Additional staining with 
0.5% eosin and 10% nigrosin was carried out before microscopic evaluation at × 1000 magnification, using oil 
immersion. At least 200 spermatozoa were evaluated.

Having performed modified HOS test, we obtained the following main three sperm categories: 1) HOS-positive 
and eosin-negative, i.e. live spermatozoa with good membrane resistance, 2) HOS-negative and eosin-positive, 
i.e. dead spermatozoa and 3) HOS-positive and eosin-positive, i.e. viable spermatozoa but with reduced plasma 
membrane resistance (Plate V, Fig. 1).

Experiment 1: Determination of boar sperm sensitivity to cryopreservation
The ejaculates of 24 boars (Pietren and Large White breed of proven fertility) were collected by the gloved- 

hand technique. An aliquot of each semen sample was gently mixed with BTS medium (Beltsville thawing solution, 
Minitube, Tiefenbach, Germany) at a 1:1 ratio (v/v) and transported in an insulated container at 17 °C within 1 h 
to the laboratory and immediately assessed. Only ejaculates with sperm motility higher than 60% were used in the 
experiment. Ejaculates were frozen using the standard procedure as described by Westendorf et al. (1975) and 
modified by Thurston et al. (1999). Briefly, after 20 h storage at 17 °C the extended semen was centrifuged at 800 × g 
for 10 min. The supernatant was discarded and the pellet was resuspended in a cooling extender (0.24 M lactose, 
20% egg yolk (v/v) and 100 µg/ml kanamycin sulfate) at a ratio of 3/5 of the final volume and cooled to 5 °C within 
2 h. Subsequently, the freezing extender (0.24 M lactose, 20% egg yolk (v/v), 7.5% glycerol (v/v), 1.3% Equex STM 
(v/v), Minitube, Tiefenbach, Germany, and 100 µg/ml kanamycin sulfate) was added at a ratio of 2/5 of the final 
volume, thus giving final glycerol concentration of 3%. The final sperm concentration was 0.5 × 109 spermatozoa/
ml. The semen was loaded into 0.5 ml straws (Minitube, Tiefenbach, Germany), sealed and placed in liquid nitrogen 
vapour at 4 cm above the nitrogen level for 20 min, then plunged into liquid nitrogen and stored until use. After at 
least 2–4 weeks of storage, samples were thawed in a water bath at 38 °C for 30 s and emptied into BTS medium to 
reach the final sperm concentration of 100 × 106 spermatozoa/ml.
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Sperm cryosurvivability was defined as the percentage of motile spermatozoa that survived the freezing process 
(% of frozen/thawed sperm motility/ % of fresh sperm motility × 100). 

Group with higher survival rate (Good freezers): ≥ 50%; group with lower survival rate (Bad freezers): < 50%

Experiment 2: Determination of bull sperm sensitivity to cryopreservation
The ejaculates of 20 Holstein bulls of proven fertility housed in one insemination centre were used in the 

experiment. Only fresh ejaculates with initial fresh sperm motility higher than 70% were assigned for the 
cryopreservation. The semen analysis including mHOST was performed immediately after semen collection. 
Semen was cryopreserved according to the standard procedure applied at the insemination centre using Optidyl®, 
a commercial egg yolk freezing extender (Cryo-Vet, Quebriac, France), packed in 0.25 ml straws and frozen in a 
programmable freezer.

After at least 2–4 weeks of storage, the straws were thawed in a water bath at 38  °C for 30  s and 
emptied into saline to reach the final sperm concentration of 
100 × 106 spermatozoa/ml.

Sperm cryosurvivability was defined as the percentage of motile 
spermatozoa that survived the freezing process (% of frozen/thawed 
sperm motility/ % of fresh sperm motility × 100). 

Group with higher survival rate (good freezers): ≥ 70%; group with 
lower survival rate (bad freezers): < 70%.

All statistical analyses were performed with SPSS software (Version 
18.0 for Windows, SPSS Inc., Chicago, IL, USA). If the data were 
normally distributed according to Kolmogorov-Smirnov test, Student’s 
t-test and paired t-test were used for comparison between groups. 
Nonparametric Mann-Whitney U test and Wilcoxon signed rank test 
were used in the case of violation of normal distribution. Spearman’s 
correlation was used to assess the relationship between sperm indices. 
The P-values of  <  0.05 and  <  0.01 were considered statistically 
significant.

Results

Experiment 1: Determination of boar sperm 
sensitivity to cryopreservation

Results of semen analysis for fresh and frozen boar 
semen varying in cryosurvivability are shown in 
Table  1. The recovery rate after thawing was higher 
in the semen samples which had a higher percentage 
of HOS-positive and eosin-negative sperm (P  < 0.01, 
Fig. 2) and both indices showed a positive correlation 
(r  =  0.707, P  <  0.01). Other indices of fresh sperm 
analysis did not differ significantly.

The percentage of HOS-positive and eosin-negative 
spermatozoa (50.90  ±  9.88%) when evaluating 
ejaculates all together was similar to that of viable 
sperm after thawing, as determined by eosin-nigrosin 
staining (49.31 ± 11.63%; P = 0.410) and both indices 
were in correlation (r = 0.558, P < 0.05). 

Experiment 2: Determination of bull sperm 
sensitivity to cryopreservation

Results of semen analysis for fresh and frozen bull 
semen varying in cryosurvivability are shown in Table 2.

Evaluating the relationship between the percentage 
of the HOS-positive and eosin-negative sperm category 
and the resistance of bull sperm to freezing, we obtained 
a significant relationship (r  =  0.705, P  <  0.01). The 
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recovery rate after thawing was higher in bull ejaculates 
with a higher percentage of HOS-positive and eosin-
negative sperm (P < 0.01, Fig. 3). Other indices of fresh 
sperm analysis did not differ significantly.

The percentage of HOS-positive and eosin-negative 
spermatozoa (55.91  ±  10.34%) when evaluating 
ejaculates all together was similar to that of viable sperm 
after thawing as determined by eosin-nigrosin staining 
(55.63  ±  6.64%; P  =  0.654) and both indices were in 
correlation (r = 0.504, P < 0.05).

Discussion

For the prediction of semen quality, from an aspect 
of functionality, the assessment of the integrity of 
the sperm plasma membrane is of major significance 
because only spermatozoa with good function of the 
plasma membrane, allowing water movement in and 
out of the cell, can survive the preservation processes 
(Eilts 2005). The sperm plasma membrane is one 
of the key structures affected by cryopreservation. 
Thus the evaluation of the sperm plasma membrane 
is of utmost importance when establishing freezing 
protocols (Peña et al. 2005). The numerous functions 
of the membrane are related to the cell metabolism for 
maintaining sperm motility, capacitation, acrosome 
reaction, interactions between the spermatozoa and the 
epithelium of the female genital tract, and sperm-egg 
interactions (Rodriguez-Martinez 2003). If sperm 
membrane integrity is disturbed, the cell loses its ability 
to maintain homeostasis, which leads to an influx of 
water and extracellular ions.

A great deal of attention has been focused on the role 
of simple HOS test in connection with sperm membrane 
integrity evaluation. Currently, this method is widely 
used in both assisted reproduction in human medicine 
(World Health Organization 2010) and in farm animal 
semen evaluation (Corea and Zavos 1994). 

Jeyendran et al. (1984) first introduced HOS test as 
an indicator that assesses the functional integrity of the 
human sperm membrane and described its relationship 

to other semen characteristics. Vazquez et al. (1997) suggested that hypoosmotic swelling 
test (HOST) is a sensitive and reproducible test to assess the functional integrity of boar 
sperm membranes and may be a useful tool for detecting subpopulations of subviable 
spermatozoa when used in conjunction with another type of membrane integrity test. The 
original HOS test subjected the semen sample to 30 min of incubation in a hypoosmotic 
medium but as Pérez-Liano et al. (2001) found, the same results could be achieved with 
a short 5 min HOST. Nowadays, both time intervals are recommended as a standard for 
carrying out HOS test in human semen samples (World Health Organization 2010). Unlike 
other sperm indicators, short HOST result presented a significant correlation with in vivo 
fertility in boars and indicated possible damage due to cold shock (Pérez-Liano et al. 
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2001). According to the authors’ conclusion, the short HOST data significantly improved 
the effectiveness of routine semen analysis tests in predicting fertility. On the other hand, 
Rota et al. (1999) discovered that short HOS test has its limitations when testing in vitro 
fertility of bovine spermatozoa since the test did not appear to be sufficiently sensitive to 
discriminate between semen samples of intermediate fertility like those used in the study.

Combined supravital staining with hypoosmotic sperm swelling test has already been 
used by Chan et al. (1991). Their results in human males gave evidence that the test 
shows a good correlation to the sperm penetration assay, which in turn is predictive of 
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Figure 2. Percentage of HOS-positive and eosin-negative spermatozoa in the group of boar semen samples with 
high and low cryosurvivability. * P < 0.01.

Figure 3. Percentage of HOS-positive and eosin-negative spermatozoa in the group of bull semen samples with 
high and low cryosurvivability. * P < 0.01.
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successful clinical in vitro fertilization. Also Tartaglione and Ritta (2004) reported that 
the combination of HOST and supravital test with eosin staining had a greater potential to 
predict fertility of bull semen than each test used separately.

In a previous study (Věžník et al. 2010) we confirmed that modified HOS test is a 
suitable method for showing functional changes in sperm membrane integrity by comparing 
results of mHOST and sperm survival rate after a 2-h incubation of semen in saline (2 h 
sperm survival test).

In the present study, we tried to ascertain whether mHOST could be a suitable method 
for the prediction of individual differences in the semen of both boars and bulls. A higher 
percentage of sperm was recovered after the thawing of ejaculates with a higher percentage 
of HOS-positive and eosin-negative sperm, whereas no other indicator of the routine 
sperm analysis testing used in this study could predict the sensitivity of spermatozoa to the 
cryopreservation process. Mean values for fresh sperm motility in bulls were found even 
slightly higher (P < 0.05) in the group determined as bad freezers.

It is to the advantage of mHOST that it is easy to perform and the laboratory 
equipment required is undemanding in comparison to the other hitherto published 
methods evaluating the membrane functional integrity in relation to sperm freezability 
focused e.g. on the detection of early membrane changes, such as Annexin V or YO-
PRO-1 (Sion et al. 2004; Peña et al. 2007), which require a fluorescence microscope 
or flow cytometer. 

In conclusion, based on the obtained results, simple HOS test in combination with 
intravital staining (modified HOS test) seems to be a procedure providing additional 
information concerning dynamic changes in the sperm membrane resistance. Even though 
the presented results were so far done on a limited number of animals, we can assume that 
the test can detect differences in sperm membrane resistance which allows assessment of 
semen quality from the perspective of its further use, e.g. cryopreservation. 
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Fig. 1. 1) HOS-positive and eosin-negative, i.e. live spermatozoa with good membrane resistance, 2) HOS-
negative and eosin-positive, i.e. dead spermatozoa and 3) HOS-positive and eosin-positive, i.e. viable 
spermatozoa but with reduced plasma membrane resistance.


