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Abstract.  Cryopreservation of boar semen is still considered suboptimal due to lower fertility as compared with fresh 
samples when glycerol, a permeating cryoprotectant, is used. Trehalose is a non-permeable cryoprotectant and nonreducing 
disaccharide known to stabilize proteins and biologic membranes. The aim of this study was to evaluate the cryosurvival 
and in vitro penetrability of boar spermatozoa when glycerol was replaced with trehalose in a freezing extender. Ejaculated 
Berkshire semen samples were diluted in egg yolk-based freezing extender containing glycerol (100 mM) or trehalose (0, 50, 
100, 150, 200 and 250 mM) and cryopreserved using a straw freezing procedure. Thawed samples were analyzed for motility, 
viability, mitochondrial membrane potential (MMP), and acrosome integrity. In experiment 2, penetrability of spermatozoa 
cryopreserved with 100 mM glycerol or trehalose was examined. Replacement of cryoprotectant glycerol (100 mM) with 
trehalose had no effect on sperm viability, but replacing it with 100 mM trehalose improved motility, MMP and acrosome 
integrity significantly. Sperm motility and MMP were considerably higher in 100 mM trehalose, whereas the acrosome 
integrity was substantially higher in 100–250 mM trehalose. The in vitro penetration rate was also significantly higher in 
spermatozoa cryopreserved with trehalose (61.3%) than in those cryopreserved with glycerol (43.6%). In conclusion, 100 mM 
non-permeable trehalose can be used to replace glycerol, a permeating cryoprotectant, for maintenance of better post-thaw 
quality of boar spermatozoa.
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Cryopreservation of boar spermatozoa is important in the preserva-
tion of excellent genetic resources and also useful for exchange 

of genetic material between breeding populations across the world. 
However, commercial use of cryopreserved boar spermatozoa is still 
not extended due to their disappointingly low cryo-survivability and 
the high level of cryoinjuries in the biological membranes, which 
results in low conception rates and smaller litters after artificial 
insemination [1–3]. Cryoinjuries also lead to cryo-capacitation 
after thawing, thus shortening the life span of spermatozoa [4–6]. 
Therefore, further improvements in the fertility of frozen-thawed boar 
spermatozoa will make commercial use more efficient and definite.

Glycerol is the most common permeating cryoprotectant for 
livestock sperm, and the optimum concentration added during the 
cryopreservation process is 1–3% due to its potential toxicity, but 
boar spermatozoa react variably [7]. The increasing viscosity of 
glycerol may inhibits ice crystal growth before achieving the glassy 
matrix state [8]. The presence of glycerol also appears to ameliorate 
the rise in salts to a critical damaging concentration at temperatures 
below the ice transition [9]. However, fertility of cryopreserved 
boar spermatozoa has consistently been low due to osmotic shock 

sensitivity, oxidative stress and low-temperature cryoprotectant 
intoxication (reviewed by Rath et al. [10]). Glycerol molecules can 
be inserted into the membrane lipid bilayer, altering the stability of 
the membrane, thereby influencesing the ability of sperm to undergo 
capacitation and the acrosome reaction, or even resulting in cell death 
[11]. Therefore, glycerol may not be the most effective cryoprotectant 
for boar spermatozoa. Thus, more studies using non-permeating 
cryoprotectants such as carbohydrates including monosaccharides, 
disaccharides and polysaccharides have been performed, resulting 
in an improved sperm survival rate after freeze-thawing [12–14]. 
Non-permeable disaccharides, including trehalose, also have a high 
cryoprotectant ability and kinetically inhibit ice crystal growth due to 
high viscosity [8]. Trehalose is known to help in resisting dehydration 
or freezing in a number of plants and animals including freeze-resistant 
insect species [15]. Disaccharides such as trehalose and sucrose are 
also known to stabilize the membrane by interacting with the polar 
head groups of phospholipids and increasing its fluidity [16]. Trehalose 
also induces a decline in the membrane phase transition temperature 
of dry lipids to form a glass, and it can reduce the concentration of 
the original cryoprotective agent to achieve a glassy state at a given 
critical cooling rate [17, 18]. Some studies have reported combined 
beneficial effects of trehalose on the cryosurvival of boar spermatozoa 
in a glycerol-based extender [14, 19, 20].

Since the biological toxicity of highly permeable glycerol cannot 
be avoided when it is used as a cryoprotectant, application of non-
permeable cryoprotectants like trehalose for the cryopreservation of 
boar spermatozoa is worth examining. In this study, we hypothesized 
that use of the non-permeable cryoprotectant trehalose for cryopreser-
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vation of boar spermatozoa could increase their post-thaw survival, 
motility and/or penetrability even in a glycerol-free extender. The 
objective of the current study was to evaluate the effect of trehalose 
as a substitute cryoprotecting agent for glycerol on the cryosurvival 
and in vitro penetrability of boar spermatozoa.

Materials and Methods

Chemicals and extenders
Unless specified, all the chemicals were purchased from Sigma 

Aldrich Japan (Tokyo, Japan). The basic diluent used in the current 
experiments was modified Modena solution (mMS) [21]. Egg 
yolk-based extender (20% (v/v) hen’s egg yolk in mMS) was used as 
the cooling extender. As the freezing extender, the cooling extender 
was supplemented with 0.25% (v/v) Equex STM™ (Nova Chemical 
Sales, Scituate, MA, USA) and glycerol (100 mM as the final 
concentration - 1.5% (v/v)) or trehalose (50, 100, 150, 200 or 250 
mM as the final concentration; Hayashibara, Okayama, Japan).

The medium used for washing and manipulating the cumulus-oocyte 
complexes (COCs) and the frozen-thawed spermatozoa for experiment 
2 (Exp. 2) was TL-HEPES-PVA solution [22]. The medium used for 
oocyte maturation was modified Porcine Oocyte Medium [23] contain-
ing 50 µM β-mercaptoethanol (mPOM) [24]. The basic fertilization 
medium used in Exp. 2 was modified Medium199 (mM 199) [25].

Semen collection
Semen samples were collected from three individual Berkshire 

boars (1–3 years old) with excellent fertility scores (supplied by 
a local AI center). At least three ejaculates were obtained from 
each boar, and collection was done once a week. The sperm-rich 
fraction from individual ejaculates was collected into a prewarmed 
tube by gloved-hand technique and diluted with mMS (1:4) before 
transportation to the laboratory. Considering the heat loss on the way 
and body temperature of the boar, the semen samples were kept in a 
styrofoam box with warm packs (39 C) and transported within 1.5 h. 
At the laboratory, the samples were assessed for sperm concentration 
(hemacytometer), viability (SYBR/propidium iodide) and motility 
(CASA). Sperm samples with > 70% of motility and viability were 
used in the current experiments.

Semen processing
Diluted semen samples were centrifuged (450 × g, 5 min, room 

temperature), and the concentration was adjusted to 1 × 108 cells/ml 
with 20% (v/v) seminal plasma in mMS. Then they were cooled to 15 
C in 4 h using a thermoblock (ThermoStat plus, Eppendorf, Hamburg, 
Germany). After incubation at 15 C overnight, sperm samples were 
washed with mMS three times by centrifugation (620 × g, 5 min, 
15 C) to remove the seminal plasma. Afterwards, concentrations of 
the sperm samples were readjusted to 1 × 109 cells/ml with mMS 
before cryopreservation.

Cryopreservation of spermatozoa
Sperm samples were suspended in the cooling extender (1:4) at 

15 C and cooled down to 5 C over the course of 2 h (ThermoStat 
plus, Eppendorf, Hamburg, Germany). Then they were resuspended 
in the freezing extender (1:1) and loaded into precooled 0.5-ml straws 

(Fujihara Industry, Tokyo, Japan) while keeping them on ice. The 
straws were frozen by keeping them 4.5 cm above the level of a 
liquid nitrogen bath at approximately –160 C for 15 min after sealing 
the free end. Finally, the straws were plunged into liquid nitrogen 
(–196 C) and stored for 2–3 days until thawing.

Thawing of frozen spermatozoa
The straws containing spermatozoa were thawed in water at 39 

C for 30 sec. Spermatozoa were diluted in prewarmed (39 C) mMS 
(1:2) and washed once by centrifugation (700 × g, 3 min, 39 C). 
Each pellet was resuspended in 1 ml of mMS and, after incubating 
at 39 C for 5 min, it was evaluated for motility, viability, acrosome 
integrity, MMP and in vitro penetrability.

Oocytes collection and in vitro maturation
Oocytes were obtained from prepuberal gilt ovaries from a local 

slaughterhouse and transported to the laboratory within 1 h in 
0.9% NaCl solution supplemented with Antibiotic-Antimycotic 
(GIBCO, Life Technologies Japan, Tokyo, Japan). Cumulus-oocyte 
complexes (COC) were aspirated from follicles 3–6 mm in diameter 
and processed for washing and in vitro maturation according to our 
laboratory protocol [24]. After the sample was washed three times 
with TL-HEPES-PVA, groups of 50 COCs with a uniform ooplasma 
surrounded by a clear and compact cumulus cell mass were cultured 
in 500 µl of mPOM containing 10 IU/ml eCG, 10 IU/ml hCG and 
1 mM dibutyryl cAMP in an atmosphere of 5% CO2 in air at 39 C 
for 20 h. Then the culture was continued in a fresh mPOM medium 
without the above supplements for another 24 h period [26].

In vitro fertilization and penetrability assessment
After in vitro maturation of the oocyte, groups of 30–50 oocytes 

were denuded from cumulus cells with 0.1% hyaluronidase by 
pipetting. Then the oocytes were processed for in vitro fertilization 
according to our laboratory protocol [25]. Briefly, 30–50 oocytes 
were co-cultured with frozen-thawed spermatozoa (5 × 105 cells/
ml) in mM199 (100 µl) containing 5 mM caffeine-benzoate for 8 h 
at 39 C in an atmosphere of 5% CO2 in air. After culture for in vitro 
fertilization, the oocytes were fixed in 25% (v/v) acidic alcohol at 
room temperature for at least 3 days, stained with 1% (w/v) orcein 
in 45% (v/v) acetic acid for 3 min and mounted on a glass slide, and 
sperm penetration and pronuclear formation were observed under a 
phase-contrast microscope (× 400) [27].

Evaluation of fresh and post-thaw spermatozoa quality
Motility: The percentage of total motile spermatozoa was deter-

mined using a computer-assisted semen analysis system (CASA, 
with the Sperm Motility Analysis System software, Digital Image 
Technology, Tokyo, Japan) with 60 FPS. For each sample, three 
subsamples were analyzed, and 2 µl of each subsample was placed 
on an objective micrometer (Fujihira Industry, Tokyo, Japan) and a 
minimum of 300 sperms per subsample were analyzed.

Viability: Viability was evaluated according to the protocol of a 
LIVE/DEAD Sperm Viability Kit (Thermo Fisher Scientific, Waltham, 
MA, USA). One microliter of SYBR Safe DNA in DMSO (1:9), 5 µl 
of PI (1 mg/ml) and 2.5 µl of sperm cells were added to 491.5 µl of 
mMS. The mixture was kept in the dark for 1 min and 30 sec. Then, 16 
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µl of the mixture were placed on a Thoma glass slide (0.1 mm deep, 
Erma, Tokyo, Japan) and observed under a fluorescence microscope 
(Eclipse 80i, Nikon, Tokyo, Japan). Green cells indicated live sperms, 
while red cells were considered dead sperms. A total of 400 sperm 
cells were counted, and the percentage of live cells was calculated.

Acrosome integrity: Acrosome integrity (intactness of the acro-
some membrane) was evaluated by chlortetracycline (CTC) assay 
as described previously [22, 25]. Briefly, the suspended sperm cells 
were stained with 4 µl of 20 mg/ml bisbenzimide in TL-HEPES. 
After keeping them in the dark for 3 min, they were transferred to 
4 ml of 3% PVP-PBS solution. The suspension was centrifuged 
at 850 × g for 5 min. The sperm cells in the pellet were mixed 
thoroughly with 45 µl of freshly prepared CTC solution (1:1). The 
CTC solution contained 750 μM CTC in a buffer of 130 mM NaCl, 5 
mM cysteine and 20 mM Tris-HCl. The solution was wrapped in foil 
to prevent the entry of light and stored at 4 C until use. Sperm cells 
were then fixed by adding 8 µl of 12.5% (w/v) paraformaldehyde 
in 0.5 M Tris-HCl buffer (final pH 7.4). Slides were prepared by 
placing 10 µl of this suspension on a clean slide. One drop of 0.22 
M l,4-diazabicyclo[2.2.2]octane in glycerol was mixed to retard 
fading of fluorescence. A cover slip was placed, and the slide was 
gently but firmly compressed between tissues to remove excess fluid. 
Only living sperm cells (Hoechst negative) were examined for CTC 
staining. Two hundred live sperm cells were then examined under 
blue-violet illumination (excitation at 400–440 nm and emission at 
470 nm) and classified according to CTC staining patterns. The three 
fluorescent staining patterns identified were as follows: F, uniform 
fluorescence over the whole sperm head (acrosome intact cells); B, 
a fluorescence-free band in the post-acrosome region (capacitated 
cells); and AR, with almost no fluorescence over the whole sperm 
head except for a thin band of fluorescence in the equatorial segment 
(acrosome-reacted cells) [25].

Mitochondrial membrane potential: Two microliters of JC-1 (153 
µm, Invitrogen, Molecular Probes, 5,5’,6,6’–tetrachloro-1,1’,3,3’-
tetraethyl benzimidazolyl-carbocyanine iodide) and 3 µl of PI (1 mg/
ml ) were added to a 150 µl of sperm sample and incubated at 39 
C for 8 min in the dark. Then, 8 µl of the mixture was placed on a 
glass slide and observed under a fluorescence microscope (Eclipse 
80i, Nikon). A green sperm head with an orange-yellow midpiece 
indicated a viable spermatozoon with high mitochondrial membrane 
potential (HMMP). A total of 300 sperm cells was counted, and the 
percentage of sperm cells with HMMP was calculated.

Experimental design
Experiment 1 (Exp. 1): Sperm samples were frozen with glycerol 

(100 mM) or trehalose (50, 100, 150, 200 and 250 mM) with 0.25% 
Equex STM™ as the freezing extender. The negative control consisted 
of 0 mM of either glycerol or trehalose. Sperm cells were packed 
into 0.5-ml straws and cryopreserved. Samples were thawed at 39 
C for 30 sec and tested for post-thaw sperm qualities.

Experiment 2 (Exp. 2): The in vitro penetrabilities of spermatozoa 
frozen with 100 mM glycerol or trehalose were compared. A total of 
187 mature oocytes from four replicates were used in the experiment.

Statistical analysis
Statistical analyses of results replicated 4–10 times were used for 

treatment comparisons and carried out by one-way ANOVA followed 
by Tukey’s multiple range test (Exp. 1) or the Chi-square test (Exp. 2) 
using the GraphPad Prism 6 statistical software (GraphPad Software, 
La Jolla, CA, USA). The Interrelation of concentration and post-thaw 
variables were assessed by Pearson correlation. All percentage data 
were subjected to arcsine transformation before statistical analysis 
if the percentage data contained values less than 10% and/or more 
than 90%. All data were expressed as the mean ± SEM. Differences 
were considered significant at P < 0.05.

Results

Exp. 1: Effect of trehalose on boar spermatozoa post-thaw 
survival

The effect of glycerol and trehalose added to the freezing extender 
on motility, viability, acrosome integrity and mitochondrial membrane 
potential of boar spermatozoa after freezing-thawing was evaluated. 
All the treated samples showed a significant increase in motility 
compared with the negative control (Fig. 1). Motility was significantly 
high in spermatozoa extended in 100 mM trehalose when compared 
with those extended in 100 mM glycerol (P < 0.05) or 250 mM 
trehalose (P < 0.01). It was not considerably different among the 
50, 150, 200 and 250 mM trehalose extenders (P > 0.05). Post-thaw 
viability was significantly higher in all the treated samples when 
compared with the negative control (P < 0.01, Fig. 2). There were 
no significant differences among treatments between the 100 mM 
glycerol and 50–250 mM trehalose extenders. When the acrosome 
status was evaluated by CTC assay, spermatozoa in the extenders 
containing 100 mM or more of trehalose, exhibited significantly 
higher acrosomal integrity compared with those in the extenders 
containing 0 or 50 mM trehalose or 100 mM glycerol (P < 0.01, Fig. 
3). Acrosome integrity was not significantly different in extenders 
supplemented with 100–250 mM trehalose. The percentage of viable 
spermatozoa with HMMP was significantly higher in all the treated 
extenders compared with the negative control (P < 0.01, Fig. 4). 
Spermatozoa extended in 100 mM trehalose exhibited a significantly 
high percentage of HMMP when compared with those extended in 
100 mM glycerol (P < 0.05). There were no significant differences 
between the 50, 150, 200 and 250 mM trehalose extenders (P > 0.05). 
Motility and acrosome integrity showed a significant relationship 
with the trehalose concentration (Fig. 5). Motility was negatively 
correlated with the trehalose concentration (r = –0.49, P < 0.01), 
whereas acrosome integrity was positively correlated with it (r = 
0.58, P < 0.005). Motility showed a strong negative correlation 
with trehalose concentrations greater than 100 mM (r = –0.95, P 
< 0.05). Viability and mitochondrial membrane potential were not 
significantly correlated with the trehalose concentration (P > 0.05).

Exp. 2: Effect of the presence of trehalose versus glycerol 
during cryopreservation on the in vitro penetrability of boar 
spermatozoa after thawing

The in vitro penetrability of frozen-thawed spermatozoa cryopre-
served with glycerol or trehalose is shown in Table 1. The extenders 
containing trehalose considerably preserved the in vitro penetrability 
of spermatozoa when compared to glycerol (P < 0.01). However, the 
incidence of monospermic oocytes was higher when spermatozoa 
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were frozen with glycerol (P < 0.01). The percentage of oocytes with 
male and female pronuclei was not significantly different between 
the two groups (glycerol vs trehalose), 8 h after IVF.

Discussion

The results of the present study show that replacement of glycerol 
with trehalose as the cryoprotectant significantly improve motility, 
acrosome integrity, MMP and in vitro penetrability of post-thaw 
boar spermatozoa. The effects of trehalose on cryosurvival of 
spermatozoa have been reported in mammalian species other than 
the boar, such as the ram [28–30], goat [31–33], bull [34] and gazelle 
[35], for extenders containing glycerol supplemented with trehalose. 
Several investigators have found that the addition of trehalose to 
glycerol-based cryopreservation extenders protects boar spermatozoa 
against freeze damage. According to Gutierrez-Perez [20], almost 
double the sperms were alive, motile and intact in the presence of 
250 mM trehalose and 1% (v/v) glycerol compared with those in 4% 
glycerol alone. Moreover, Malo et al. [14] stated that the addition 

of trehalose to the first medium before spermatozoa were extended 
with 3% glycerol significantly improved the freezability of boar 
spermatozoa, achieving higher sperm survival and fertilization rates. 
These results were obtained in the presence of glycerol at a relatively 
low concentration, and trehalose probably helped to produce a 
glass-forming state [17, 18]. Our findings clearly demonstrate that 
the beneficial effect of trehalose is observed even under glycerol-free 
conditions. Although a dehydration effect is expected even in the 
presence of trehalose alone, due to the non-permeability of trehalose, 
the biological toxicity in boar spermatozoa appears to be reduced 
compared with the presence of glycerol alone. Chemical toxicity 
cannot be ignored in application of glycerol to cryopreservation of 
boar spermatozoa despite benificial effects, since boar spermatozoa 
may be very sensitive to the toxicity of glycerol. However, some 
studies reported that supplementing an extender cotaining glycerol 
with trehalose had no significant effect on cryopreservation of 
spermatozoa [36, 37].

In the present study, in fact, the motility, HMMP and acrosome 
integrity were well maintained when spermatozoa were frozen with 

Fig. 1. Post-thaw motility of boar spermatozoa frozen in extenders 
supplemented with glycerol or trehalose. Error bars represent the 
SEM. a,b,c P < 0.05, n = 6.

Fig. 2. Post-thaw viability of boar spermatozoa frozen in extenders 
supplemented with glycerol or trehalose. Error bars represent the 
SEM. a,b P < 0.05, n = 10.

Fig. 3. Post-thaw acrosome integrity of boar spermatozoa frozen in 
extenders supplemented with glycerol or trehalose. Error bars 
represent the SEM. a,b P < 0.05, n = 6.

Fig. 4. Percentage of boar spermatozoa frozen in extenders supplemented 
with glycerol or trehalose with high mitochondria membrane 
potential. Error bars represent the SEM. a,b,c P < 0.05, n = 6.
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trehalose as compared with those frozen with glycerol. Similar results 
have been observed in previous studies in which the extenders were 
supplemented with 3–5% glycerol along with 100 mM trehalose [19, 
29]. The beneficial effect of trehalose on biological membranes is 
probably active regardless of the presence of glycerol. Our results 
revealed that motility decreased in the presence of 150 mM or more 
of trehalose in a glycerol-free extender. Since the motility of frozen-
thawed spermatozoa was also reduced in the presence of both trehalose 
(> 200 mM) and 3% glycerol [39], this reduction in motility may be 
due to the concentration-dependent effect of trehalose. Even though 
motility was negatively correlated with the trehalose concentration, 
MMP and viability were not affected by the high concentrations of 
trehalose. This fact suggests that high trehalose concentrations are 
not detrimental to spermatozoa membranes despite the low motility. 
In addition, although the osmotic effect is high, trehalose may not 
be involved in the organelle membrane damage that occurs due to 
influx and eflux of cryoprotectant during freezing and thawing, as 
it is non-penetrative. The viscosity of the medium is greater in the 
presence of a higher concentration of trehalose, making it difficult 
for sperm to move. Alternatively, the friction in the sperm tail is 
increased due to the loss of intracellular free water. This causes 
inhibition of sliding of the microtubule filaments or other structural 
elements in the flagellum [19], and consequently, motility is reduced. 
According to Rutllant et al. [40], trehalose broadened the boar 
spermatozoa osmotolerance by protecting the cell membrane and 
mitochondrial function but affected negatively on motility. However, 
a study of Bama miniature pig semen demonstrated significantly 
high motility in 200 mM trehalose with the combination of 9% LDL 
and 2% glycerol [41].

Furthermore, the results of the present work also showed that 
addition of 100–250 mM trehalose to a glycerol-free extender preserves 

the acrosome integrity and that the percentage of acrosome-intact 
spermatozoa was positively correlated with the trehalose concentration. 
According to Hu et al. [19], addition of 100–200 mM trehalose to 
an extender containing 3% glycerol preserves the acrosome integrity 
of boar spermatozoa. This result is also consistent with our current 
result showing that acrosome integrity was significantly maintained 
in the presence of 100 mM trehalose rather than 100 mM glycerol. 
However, higher concentrations of trehalose in the presence of 
glycerol have also been reported to have a detrimental effect on 
the acrosome integrity of frozen-thawed spermatozoa [39]. It has 
been suggested that the main cryoprotective effect of trehalose is 
preservation of the membrane structure. Lambruschini et al. [38] 
stated that trehalose participates in the network of hydrogen bonds 
between the phospholipid polar heads, thus replacing the water of 
hydration at the membrane-fluid interface and maintaining the head 
groups at their hydrated position. In addition, the osmotic effect of 
trehalose decreases the intracellular freezable water and hence the 
formation of ice crystals inside the cells [8]. Therefore, using 100 mM 
trehalose as a cryoprotectant in the extender for boar spermatozoa 
reduces the injuries in membranes and consequently improves the 
motility, MMP and acrosome integrity of frozen-thawed spermatozoa.

As trehalose preserves membrane fluidity during cryopreservation, 
it would eventually affect fertility as well. However, a limited number 
of studies have been carried out to evaluate the fertility of sperma-
tozoa frozen-thawed with trehalose. The results of the current study 
clearly demonstrated that replacement of glycerol in an extender for 
cryopreservation with trehalose improved the in vitro penetrability of 
frozen-thawed boar spermatozoa. Malo et al. [14] achieved an in vitro 
penetration rate of 57.5% when boar spermatozoa were cryopreserved 
with trehalose in a glycerol-based extender. Supplementation of an 
extender containing 5% glycerol with 100 mM trehalose has been also 

Fig. 5. Correlation between the trehalose concentration and post-thaw variables.

Table 1. Effect of glycerol and trehalose in an extender on penetrability of boar spermatozoa following freezing 
and thawing

Treatment No. of oocytes 
examined

No. (% mean ± SEM) of oocytes

Penetrated 1 Monospermy 2 Formed male pronucleus 2

Glycerol 82 34 (43.6 ± 11.9)a 29 (89.6 ± 7.9)a 19 (50.0 ± 14.9)
Trehalose 105 66 (61.3 ± 9.5)b 47 (76.5 ± 9.1)b 43 (59.2 ± 9.6)

1 Percentage of the number of oocytes examined. 2 Percentage of the number of oocytes penetrated. a,b P < 0.05, n = 4.
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reported to improve the fertility of frozen-thawed ram spermatozoa 
following artificial insemination in ewes [29]. In a recent report in 
mice [12], frozen-thawed spermatozoa cryopreserved with 300 mM 
trehalose retained significantly better fertility (79%) than those frozen 
in 0.3 M glycerol (11%). The presence of trehalose as a cryoprotectant 
in an extender improved the penetrability of frozen-thawed boar 
spermatozoa as compared with the combine effect of glycerol or using 
glycerol alone as the cryoprotectant, probably due to its favorable 
effects on the biological membranes.

In conclusion, trehalose, a non-permeable sugar, was capable of 
maintaining good levels of motility, viability, acrosome integrity, 
mitochondrial membrane potential and in-vitro penetrability of 
boar spermatozoa after cryopreservation in a glycerol-free freezing 
extender. We also recommend applying 100 mM trehalose as the 
optimum concentration to a glycerol-free freezing extender for 
cryopreservation of boar spermatozoa.
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