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Abstract
The effect of cryopreservation on boar sperm is more detrimental than on sperm of other farm animals. The purpose of our study
was to improve the steps of storage and subsequent thawing so that cryopreservation might find wider applications in swine
reproduction. We focused on three factors which can influence the quality of insemination doses. The first factor was the length of
the equilibration phase where we compared the difference between 7 and 26 hours. The longer time of equilibration appears more
convenient for maintaining the motion characteristics of sperm. Another factor was the thawing temperatures and times of
thawing of the insemination doses where we compared 38°C for 30 seconds with 70°C for 8 seconds. The rapid method with the
higher temperature showed to be preferable because the sperm retained better movement characteristics. The last factor was the
effect of caffeine, added to the thawing medium, which resulted in a significant improvement in the quality of sperm movement.
However, on the other hand, a considerable impairment of sperm viability occurred.
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The process of sperm cryopreservation consists of many
steps that can dramatically affect the quality of insemination
doses and, consequently, the success rate of insemination.
Boar spermatozoa are more sensitive to these factors than
spermatozoa of other farm animals, and therefore,
cryopreserved boar semen is not used in artificial
insemination as widely as bull semen.
The cold shock is a big problem (Pursel et al. 1972) which
is explained by the different cholesterol content and
unsaturated/saturated fatty acid ratio in the boar sperm
cytoplasmic membrane (Parks and Lynch 1992). To mitigate
the effects of the cold shock, boar semen is usually stored in
cooling medium at 17°C. The doses maintained under these
conditions can be stored for a few days, depending on
medium type. This period of preservation, when collected
sperm are extended with pre-warmed cooling medium,
carefully cooled and then stored at 17°C, is called the
equilibration phase. In our experiment, we investigated the
effect of the equilibration time of 7 or 26 hours on sperm.
Besides freezing, the thawing process also has a
considerable influence on sperm quality. We compared the
two most common thawing procedures. In the first one,
insemination straws are thawed at 38°C for 30 seconds. This
is the body temperature which is natural for sperm, but the
process of thawing lasts longer than in the second procedure
where sperm is exposed to the temperature of 70°C for 8
seconds. This temperature would kill the sperm if the timing
were not strictly observed. However, under the
aforementioned conditions, the thawing process is very fast.
Our final goal was to influence the thawed insemination
dose by adding a low concentration of caffeine to the
thawing medium. Positive effects of caffeine on sperm and
the reproductive tract of pigs are explained by preventing the
inflammatory response which occurs during insemination
(Yamaguchi et al. 2013). Caffeine stimulates sperm
metabolism, enhances fructose utilization, improves
respiration and causes an increase in cAMP levels, which
results in an improvement of sperm motility (Makler et al.
1980, Salem et al. 1992, Zeldan 2002, Milani et al. 2010,
Yamaguchi at al. 2013, Spalekova et al. 2014). We
investigated the effect of caffeine on boar sperm after
cryopreservation.

Material and Methods
Semen collected from 3 boars was frozen according to the
method of Westendorf et al. (1975) modified by Thurston et
al. (1999). At the Insemination Centre, ejaculated semen was
extended with a short-term extender VIP5 (HEMA Malšice
s.r.o) immediately after collection. Then, within 7 hours, it
was transported to our laboratory at 17°C where part of it
was immediately frozen, and part was frozen after 26 h of
equilibration in the aforementioned extender. Two methods
of semen thawing in a water bath were compared: at 38°C for
30 seconds and at 70°C for 8 seconds. The thawing medium
VIP5 was used without or with the addition of 1mM caffeine
(Caffeine anhydrous, Sigma-Aldrich®). Sperm analysis
included the evaluation of motility, progressivity of
movement, viability and acrosome integrity, carried out
immediately after thawing and 2 and 4 hours later. Motility
and progressive movement were assessed by microscopy,
counting motile sperm in fields of view at a magnification of
200x. Viability (percentage of live spermatozoa with intact
plasma membrane) was determined by intravital eosinnigrosine staining (World Health Organization 2010).
Acrosome integrity was determined by morphological
evaluation of spermatozoa under a phase-contrast microscope
at a magnification of 1000x.

Results and Discussion
The effect of the equilibration time during cryopreservation
of boar semen
Obtained values are shown in Table 1. In maintaining sperm
motility, progressivity of movement and viability, the longer
equilibration time before semen freezing appeared preferable.
Spermatozoa were likely to have more time to deal with the
decreasing temperature and develop a higher resistance to
thermal shock. It was found that at this stage, seminal plasma
proteins exert a positive effect. These proteins are
incorporated into the plasma membrane, helping to maintain
its integrity (Casas and Althause 2013). Later
cryopreservation had a negative impact on sperm acrosome
integrity and the occurrence of morphological defects. These
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stable ice crystals that could damage the mitochondria (Fiser
and Hairfull 1990).
The effect of caffeine in the thawing medium.
Results are shown in Table 3.
The addition of caffeine was able to increase motility and
progressive movement of sperm, but adversely affected
sperm viability, acrosome integrity and the percentage of
morphologically normal sperm, with the highest effect on
viability. The negative effects of caffeine to acrosome
integrity describes Zeldan (2002). Morphological changes
manifested themselves in acrosome swelling. It is surprising
that the viability of spermatozoa treated with caffeine is
lower than their motility. Caffeine made the sensitive
membrane even more sensitive and the subsequent effect of
eosin-nigrosine was too aggressive. The viability detection
method using eosin-nigrosine may be not the best for this
purpose because authors using Annexin V, SYBR-14 or YOPRO-1 staining did not observe this phenomenon. They
reported no effect on viability and a significant positive
effect on sperm motility (Makler et al. 1980, Maxwell et al.
1995, Yamaguchi et al.2013, Spalekova et al. 2014).

results are consistent with the Conejo-Nava et al. (2003).
Naturally, these defects will increase with the passage of
time. Dubé et al. (2004) reported a reduction in viability. The
increase of these defects will be stopped by freezing. It
appears that 26 hours is a good compromise between the
positive and negative effect of equilibration due to sperm
aging (Tomás et al. 2014) .
The effect of temperature and the time of exposure during
thawing of insemination doses
Results are shown in Table 2. The comparison of semen
thawing methods showed that boar spermatozoa retained
better features at a higher thawing temperature for a shorter
time, both at the initial time and after 2 and 4 hours postthawing. The high temperature exerted for a short time did
not have an adverse effect on sperm and it was shown that a
longer thawing period caused more damage to the sperm.
Higher sperm motility and acrosome integrity during rapid
thawing was also shown by Fisher et al. (1993), Erisson and
Rodrigues-Martinez (2000), Cordova et al. (2006), Muino et
al. (2008) and Tomás et al. (2014). A rapid thawing rate
results in a reduced recrystallization of intracellular ice, a
process that can lead to the formation of larger and more

Table 1. The effect of equilibration time on frozen/thawed boar spermatozoa at 0 h - 4 h after thawing
Equilibration time 7 h

Equilibration time 26 h

0h

2h

4h

0h

2h

4h

34 ± 8.0

25 ±14.0

14 ± 10.8

35 ± 2.5

38 ± 6.9

29 ± 3.0

(26 - 42)
32 ± 7.5

(10 - 38)
22 ± 13.0

(2 - 23)
12 ± 10.2

(33 - 38)
32 ± 2.0

(34 - 46)
34 ± 6.5

(26 - 32)
25 ± 2.0

(23 - 38)
42 ± 5.2

(8 - 34)
35 ± 7.2

(1 - 21)
31 ± 7.1

(30 - 34)
47 ±12.8

(29 - 41)
41 ± 13.2

(23 - 27)
35 ± 7.1

(38 - 48)
43 ± 18.5

(29 - 43)
31 ± 7.6

(23 - 37)
29 ± 9.0

(33 - 58)
37 ± 6.5

(33 - 57)
28 ± 6.2

(28 - 43)
17 ± 5.2

Morphologically normal

(22 - 57)
35 ± 11.8

(22 - 36)
26 ± 6.7

(19 - 36)
22 ± 6.0

(30 - 43)
32 ± 5.6

(21 - 33)
24 ± 5.6

(14 - 23)
15 ± 4.0

sperm%

(21 - 42)

(19 - 32)

(15 - 26)

(26 - 37)

(18 - 28)

(11 – 19)

Sperm motility %
Progressive motility of
sperm%

Sperm viability %
Sperm with intact acrosomes %

Data are presented as mean ± standard deviations and (range)

Table 2. The effect of the thawing temperature on frozen/thawed boar spermatozoa at 0 h – 4 h after thawing
Thawing

38°C / 30 sec

70°C / 8 sec

0h

2h

4h

0h

2h

4h

32 ± 10.1

23 ± 9.5

19 ± 9.5

34 ± 12.2

33 ± 12.7

28 ± 16.2

(20 - 38)
28 ± 8.4

(12 - 30)
21 ± 6.3

(9 - 28)
16 ± 8.5

(20 - 42)
31 ± 11.0

(18 - 40)
29 ± 12.7

(9 - 28)
23 ± 15.0

(18 - 33)
38 ± 8.8

(14 - 26)
32 ± 9.5

(7 - 24)
23 ± 7.3

(18 - 38)
45 ± 11.7

(14 - 36)
35 ± 10.6

(6 - 32)
18 ± 8.1

(28 - 44)
67 ± 2.5

(26 - 43)
61 ± 3.4

(16 - 31)
59 ± 0.6

(31 - 52)
63 ± 5.3

(23 - 42)
62 ± 4.8

(9 - 24)
57 ± 7.6

Morphologically normal

(64 - 69)
58 ± 3.8

(57 - 65)
53 ± 1.8

(58 - 59)
51 ± 2.2

(59 - 69)
55 ± 5.5

(56 - 65)
51 ± 4.5

(49 - 64)
48 ± 8.0

sperm%

(54 - 62)

(51 - 55)

(49 - 53)

(51 - 61)

(46 - 55)

(40 - 55)

Sperm motility %
Progressive motility of
sperm%

Sperm viability %
Sperm with intact acrosomes %

Data are presented as mean ± standard deviations and (range)
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Table 3. The effect of Caffeine on frozen/thawed boar spermatozoa at 0 h – 4 h after thawing
Thawing medium

Caffeine free
0h

with Caffeine

2h

4h

0h

2h

4h

35 ± 2.5

38 ± 6.9

29 ± 3.0

46 ± 4.7

43 ± 5.5

34 ± 4.0

(33 - 38)
32 ± 2.0

(34 - 46)
34 ± 6.5

(26 - 32)
25 ± 2.0

(41 - 50)
42 ± 4.1

(37 - 47)
39 ± 5.2

(30 - 38)
31 ± 4.0

(30 - 34)
47 ±12.8

(29 - 41)
41 ± 13.2

(23 - 27)
35 ± 7.1

(37 - 45)
28 ± 6.0

(33 - 42)
27 ± 4.9

(27 - 35)
21 ± 6.7

(33 - 58)
37 ± 6.5

(33 - 57)
28 ± 6.2

(28 - 43)
17 ± 5.2

(22 - 34)
35 ± 7.6

(23 - 32)
27 ± 8.6

(16 - 29)
15 ± 5.7

Morphologically normal

(30 - 43)
32 ± 5.6

(21 - 33)
24 ± 5.6

(14 - 23)
15 ± 4.0

(27 - 42)
29 ± 6.4

(18 - 35)
21 ± 6.7

(10 - 21)
12 ± 3.0

sperm%

(26 - 37)

(18 - 28)

(11 – 19)

(22 - 34)

(14 - 27)

(9 -15)

Sperm motility %
Progressive motility of
sperm%

Sperm viability %
Sperm with intact acrosomes %

Data are presented as mean ± standard deviations and (range)
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Conclusion
Even though the presented results were so far obtained
from a limited number of animals, we can assume that the 26
-hour equilibration period is suitable for cryopreservation of
boar semen. Within this period, the collected ejaculate can
be extended with a cooling medium in an AI centre and sent
to a distant specialized laboratory where, on the following
day, cryopreserved insemination doses can be produced.
The advice “the faster the better” applies to thawing of
boar semen straws. Therefore, it is preferable to use 70°C for
8 seconds.
Caffeine might be able to improve kinetic features of
sperm, but due to its effect, the plasma cell membrane
becomes more sensitive to the influences of the environment.
The question remains whether, in an in-vivo environment,
caffeine-activated sperm could reach the fallopian tube of a
sow to create a functional reservoir and fertilize an egg.
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