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Abstract 
 

The purpose of this study was to investigate the 
efficiency of the water test to evaluate the functional 
membrane integrity of ejaculated canine sperm after 
collecting, cooling, and freezing-thawing. Twenty-five 
ejaculates were obtained from 12 stud dogs by digital 
manipulation. Sperm-rich fractions were evaluated, 
diluted, cooled at 5ºC and frozen-thawed. A 
conventional hypo-osmotic swelling test (HOST) using 
a fructose solution (60 mOsm/l) was compared with a 
HOST using distilled water (0 mOsm/l), for evaluation 
of the functional integrity of the plasma membrane in 
fresh, cooled, and frozen-thawed semen. Distilled water 
detected a higher percentage of reacted sperm in fresh 
semen (91.2 ± 0.1%) than the conventional HOST 
(90.6 ± 0.1%; P < 0.05). For cooled and frozen-thawed 
semen, the water test was as efficient as the conventional 
HOST (81.2 ± 0.3% and 80.3 ± 0.3%, respectively), for 
detecting functional membrane integrity (P > 0.05). 
Regardless of the test used, there was a decrease in the 
mean percentage of reacted sperm after equilibrium and 
freezing-thawing (P < 0.05). In conclusion, this study 
demonstrated that water can efficiently replace 
conventional fructose-based hypo-osmotic media for 
evaluation of the functional integrity of the plasma 
membrane of ejaculated fresh, cooled, and frozen–
thawed canine sperm. 
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Introduction 

 
The plasma membrane is involved in several 

essential processes that occur in the cell, such as 
physiological mechanisms involved in the maintenance 
and survival of the spermatozoa in the female genital 
tract, sperm capacitation, and fertilization (Mocé and 
Graham, 2008). In order to evaluate the plasma 
membrane functionality of the human sperm, Jeyendran 
et al. (1984) proposed the use of a test in which sperm 
were subjected to adverse conditions of osmolarity. 
Sperm were evaluated for their response (curling or 
coiling of the sperm flagellum) when exposed to the 
hypo-osmotic solution. This test was named as the 
hypo-osmotic swelling test (HOST), and the sperm 

presenting a coiled or curled tail was deemed to having 
a functional plasma membrane. 

In spite of the HOST being a simple test, it is 
considered an indicator of fertility in some species, as 
the viability of the sperm membrane is a basic 
requirement for fertilization (Mocé and Graham, 2008). 
Furthermore, it is used as a complementary test to in 
vitro evaluation of frozen semen, due to its high 
accuracy. This is possible because the sperm suffer 
damages that lead to alterations in the plasma membrane 
and loss in viability during the cooling and freezing - 
thawing procedures (Watson, 2000). 

Studies in humans (Jeyendran et al., 1984), 
horses (Nie and Wenzel, 2001), goats (Fonseca et al., 
2005), and rabbits (Amorim et al., 2009) reported that 
HOST should be conducted by using solutions with 
osmolarity varying from 50 to 150 mOsm/l. Conversely, 
water-based HOST that uses distilled water as a hypo-
osmotic solution was developed as a simple and quick 
method for human spermatozoa (Lomeo and 
Giambersio, 1991). Currently, the water test has also 
been reported as an efficient test for the evaluation of 
the stallion sperm (Dell’Aqua et al., 2002; Vasconcelos 
et al., 2010).  

In dogs, hypo-osmotic solutions at 60 (Michael 
et al., 2009) to 150 mOsm/l (Silva et al., 2006) have 
been currently used in the HOST. Furthermore, a HOST 
using ultrapure water has been used previously only for 
the evaluation of fresh epididymal canine sperm 
(Hishinuma and Sekine, 2003). The incorporation of 
water-based HOST in the routine evaluation of canine 
semen would reduce costs and facilitate the process. 
Accordingly, we have investigated the efficiency of the 
water test to evaluate the functional membrane integrity 
of canine sperm immediately after ejaculation, cooling, 
and freezing-thawing procedures. 
 

Materials and Methods 
 
Animals 
 

The procedures conducted in this research were 
in agreement with the international animal care 
regulations. Twenty-five ejaculates were obtained from 
12 proven stud dogs (four Labrador retrievers, four 
Brazilian mastiffs, and four American pit bull terriers). 
The dogs were maintained in individual pens in private 
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kennels in Salvador, BA, Brazil (12º 58’S-38º 30’W). 
They were 2 to 7 years old and were fed dry commercial 
food twice daily, with free access to water. 
 
Semen collection and initial evaluation 
 

Two ejaculates were collected from each dog, 
except from one dog that provided three ejaculates. 
Ejaculates were obtained by digital manipulation at one 
week intervals. The sperm rich fractions were kept at 
37ºC and analyzed using routine semen analysis 
procedures (Seager and Platz, 1977). The semen volume 
was recorded and sperm concentration was determined 
using a Neubauer counting chamber (hemocytometer). 
The percentage of the total and progressive motile 
sperm and the sperm vigor (0-5; 0 characterized by no 
movement and five characterized by progressive 
forward movement) were subjectively assessed using 
bright field microscopy under 100X and 400X 
magnification. For morphological evaluation, a semen 
aliquot was diluted in 10% buffered formalin and wet 
mount semen smears were made. The sperm 
morphology was evaluated under phase-contrast 
microscopy under 400X magnifications by counting 200 
cells.  

 
Evaluation of the functional integrity of plasma 
membrane 
 

For evaluation of sperm membrane functional 
integrity, the semen samples were divided in two 
aliquots and subjected to conventional and water-based 
HOST. For the conventional HOST, the first semen 
aliquot (0.1 ml semen) was diluted into 1 ml fructose 
solution presenting 60 mOsm/l (Michael et al., 2009). 
For the water test, a second aliquot of 0.1 ml of semen 
was diluted in 1.0 ml distilled water with 0 mOsm/l 
(Lomeo and Giambersio, 1991). The osmolarity of the 
solutions was determined by using a micro-osmometer 
(Type ‘13/13DR - Autocal, Roebling, Berlin, Germany). 
Both aliquots were incubated in a water bath at 37ºC for 
45 min. Evaluations were conducted under phase-
contrast microscopy (200X) by operators unaware of the 
experimental design. The cells were classified as reacted 
and non-reacted according to the presence or absence of 
coiled tails, respectively (Kumi-Diaka and Badtram, 
1994). The percentage of reacted sperm was subtracted 
from the percentage of tail defects verified by the sperm 
morphology evaluation. 

 
Semen processing  

 
The reagents used in this study were obtained 

from Sigma-Audrich (St. Louis, MO, USA). An 
extender consisting of 3.028 g Tris-hydroximethyl-
aminomethane (Tris), 1.78 g monohydrated citric acid, 

and 1.25 g D-fructose dissolved in 100 ml ultrapure 
water was used (Silva et al., 2002). The osmolarity of 
this solution was 295 mOsm/l and the pH was 6.6. 

Immediately after initial evaluation, each 
sperm-rich fraction of the semen was diluted 1:1 with 
skimmed milk extender (Kenney et al., 1975), and 
centrifuged at 800 g for 5 min. The supernatant was 
discarded and the pellet resuspended in Tris plus egg 
yolk (20%) and glycerol (5%) to a final concentration of 
80 x 106 spermatozoa/ml. The samples were packed into 
0.5 ml plastic straws and equilibrated in a refrigerator at 
5°C for 60 min. After cooling, one straw was rewarmed 
and evaluated for functional membrane integrity using 
both hypo-osmotic solutions. The other straws were 
placed horizontally in a thermal box for 20 min, 
positioned 6 cm above the liquid nitrogen (N2) level, 
and reached a temperature close to -70ºC in the vapor. 
Finally, the straws were immersed into liquid N2 for 
storage. After one week, the frozen semen straws were 
thawed in a water bath at 37ºC for 30 sec and thereafter 
evaluated for sperm motility, vigor, and morphology, 
and for the functional integrity of the membrane, by 
conventional and water-based HOST, as reported for 
fresh semen. 

 
Statistical analyses 
 

Twenty-five replicates were performed for each 
treatment (conventional and water-based HOST). 
Statistical analyses were conducted with the Statistical 
Analysis System (SAS 6.10, SAS Institute Inc., Cary, 
NC, USA). The results were expressed as mean ± SD. 
Data were checked for normality by the Kolmogorov-
Smirnov test with Lilliefor’s correction and for 
homocedasticity with the Levene’s test. An 
experimental design at random blocks was used and the 
treatments (fresh x frozen-thawed semen; conventional 
x water-based HOST) were compared using the Tukey 
test. The results were considered significant when P < 0.05. 
 

Results 
 

The mean (± SD) volumes for the sperm-rich 
semen fractions (n = 25) were 1.5 ± 0.5 ml, whereas, 
mean (± SD) sperm concentrations were 768 ± 182.2 x 
106 sperm/ml. Other sperm characteristics obtained 
following semen analysis are shown in Table 1. A 
significant reduction in sperm quality was verified after 
freezing–thawing (P < 0.05). 

Table 2 shows the results for the functional 
integrity of plasma membrane in fresh, cooled, and 
frozen-thawed sperm. Significant differences between 
hypo-osmotic solutions were detected only for fresh 
semen (P < 0.05). A decrease in functional sperm 
membrane integrity was verified in the use of both tests 
after freezing–thawing (P < 0.05). 
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Table 1. Mean (± SD) values for sperm characteristics in fresh and frozen-thawed canine semen (n = 25 ejaculates). 
 Fresh semen Frozen-thawed semen 
Total motility (%) 91 ± 2.1a    36 ± 9.6b 
Progressive motility (%) 89.2 ± 2.8a 25.2 ± 9.2b 
Vigor (0-5) 5 ± 0a   2.1 ± 0.5b 
Normal morphology (%) 93.6 ± 1.6a 67.1 ± 6.1b 

a,bWithin a row, means without a common superscript differ (P < 0.05). 
 
Table 2. Mean (± SD) values for functional integrity of plasma membrane of fresh, cooled and frozen-thawed canine 
sperm evaluated by conventional hypoosmotic swelling test (HOST) or water test(n = 25 ejaculates).  

Evaluation HOST Water test 
Fresh semen (%) 90.6 ± 0.1aA 91.2 ± 0.1bA 
Cooled semen (%) 80.3 ± 0.3aB 81.2 ± 0.3aB 
Frozen-thawed semen (%) 53.4 ± 0.7aC 53.8 ± 0.7aC 

a,bWithin a row, means without a common superscript differ (P < 0.05). 
A,BWithin a column, means without a common superscript differ (P < 0.05). 
 

Discussion 
 

The response of spermatozoa to a hypo-
osmotic solution is reported to vary according to the 
species. In dogs, correlations between osmotic response 
and sperm motility have been reported (Rota et al., 
2005; Silva et al., 2006). However, a relationship 
between conventional HOST response and fertility of 
canine sperm has not yet been established (Peña-
Martinez, 2004), as reported for humans (Jeyendran et 
al., 1992). 

A HOST that used distilled water as a hypo-
osmotic solution was developed as a simple and quick 
method for human spermatozoa (Lomeo and 
Giambersio, 1991). For dogs, water-based HOST was 
previously reported as an efficient method to analyze 
the functional integrity of plasma membrane in fresh 
canine epididymal sperm (Hishinuma and Sekine, 
2003). However, it is known that the physiological 
properties of canine epididymal spermatozoa differ from 
those of ejaculated spermatozoa. These differences 
include the presence or absence of sensitization with 
prostatic fluid (PF). The prostate is the sole accessory 
reproductive organ in dogs, and PF is mixed with 
spermatozoa at ejaculation, but the effect of PF on 
sperm has not yet been clarified (Hori et al., 2005).  

We demonstrate that water-based HOST is also 
efficient for evaluating plasma membrane integrity of 
fresh and frozen-thawed canine sperm. In addition, 
distilled water presents the advantage to be relatively 
inexpensive and easier to manipulate than sugar-based 
solutions currently used for the conventional HOST. 
Further studies must also be conducted in order to 
reduce the time of incubation of sperm in distilled 
water, as Pinto and Kozink (2008) recommended a 
decrease in incubation time of the HOST for canine 
sperm to as short as 1 min. 

The mean percentage of sperm that reacted to 
the water test was greater than that verified by the 
conventional HOST for fresh semen (P < 0.05). 

However, we emphasize that a difference lower than 2% 
between the treatments may not have biological 
relevance for this parameter. Distilled water has been 
previously reported to be a superior medium for 
detection of the functional integrity of plasma 
membrane in equine sperm (Dell’Aqua et al., 2002), 
when compared with other sugar-based solutions. It is 
suggested that the plasma membrane of equine 
spermatozoa present high permeability to water, due to 
the presence of a porous membrane and protein water 
channels (Neild et al., 1999). We speculate that these 
characteristics are also possibly present in the canine 
sperm, which facilitates its permeability to water. 

For cooled and frozen-thawed canine sperm, 
the water test was as efficient as the conventional HOST 
in evaluating the functional integrity of the plasma 
membrane. Similar results were reported for human 
frozen-thawed semen (Lin et al., 1998), in which 
distilled water was shown to be as efficient as sugar- 
and electrolyte-based hypo-osmotic solutions, for 
detection of sperm membrane integrity. In the present 
study, a significant decrease in the functional integrity 
of the plasma membrane was verified in both hypo-
osmotic solutions during the processes of cooling (pre-
freezing equilibration) and freezing-thawing of the 
canine semen. This decrease was also observed by other 
authors during the cooling (Lopes et al., 2009) and 
freezing (Silva et al., 2006; Pinto and Kozink, 2008) of 
canine semen. During these procedures, the sperm cells 
pass through a serious of drastic changes in their 
physical and chemical environment (Watson, 2000). 
First, the temperature falls close to the freezing point of 
water, which leads to structural changes in the lipid bi-
layer, altering the plasma membrane. Due to this, a 
reorganization of the membrane components occurs and 
some lipids, which are linked to membrane proteins, 
aggregate among themselves and allow the freed 
membrane proteins to aggregate other substances. All 
these changes can provoke alterations in the 
permeability of the plasma membrane, and 



 Quintela et al. Evaluation of canine semen by the HOST. 
 

Anim. Reprod., v.7, n.2, p.70-74, Apr./Jun. 2010 73 

consequently, cause its rupture (Hermansson and Linde-
Forsberg, 2006). Besides, glycerol can also promote 
physical-chemical alterations that can provoke the 
rupture of the plasma membrane or even the loss of 
important membrane proteins (Holt, 2000). 

Differences in temperature and osmolarity 
among freezing media and the sperm provide great 
variation in the water volume in the cell, leading to a 
stress mechanism on the cell membrane. The transition 
phase that occurs during the freezing alters the ultra-
structure of the membrane and creates regions that are 
free of proteins, which reduces the cryopreservative 
efficiency. Reorganization of the lipid membrane of the 
sperm seems to disturb the lipid-lipid or lipid-protein 
interactions that are necessary for the perfect 
functioning of the membrane (Watson, 2000). In 
addition, the freezing media can lead to the rupture of 
the membrane, as it can cause osmotic stress, membrane 
alterations, and changes in the microtubule structure of 
the sperm tail (Correa and Zavos, 1994). Furthermore, 
the sperm are also exposed to osmotic stress when the 
time for thawing is insufficient for the efflux of excess 
cryoprotectants. Therefore, the sperm cells swell and 
rupture as the media become abruptly diluted due to the 
melting of the extracellular ice (Pegg, 2002). 

In conclusion, it has been demonstrated that the 
water test can be efficiently used for the evaluation of 
the functional integrity of the plasma membrane for 
ejaculated canine sperm after collecting, cooling, and 
freezing-thawing. The use of this test provides an 
inexpensive and simple alternative to other HOST 
protocols that utilize sugar-based solutions. The 
potential relationship between the water test and the 
fertility of canine sperm needs to be further 
investigated. 
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