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ABSTRACT

This study examined the effects of ergothioneine (EGT) supplementation as an antioxidant on the
quality of boar spermatozoa when using liquid and frozen preservation methods. In the first experi-
ment, boar semen was preserved in an extender supplemented with 0, 50, 100 and 200 μM EGT,
at 15 8C, part of the samples for one and another part for three weeks. In comparison with the control
(without EGT), EGT supplementation at 100 μM significantly increased the percentage of total motility
of spermatozoa that were preserved as a liquid both for one and three weeks (P < 0.05). EGT sup-
plementation did not affect the quality of preserved spermatozoa, irrespective of the EGT concentration.
In the second experiment, semen was frozen and thawed in the freezing extender supplemented with
0, 50, 100 and 200 μM EGT. In comparison with the control, the 100 μM EGT supplementation
significantly increased the percentages of total and progressive motility of frozen-thawed spermatozoa
(P < 0.05). EGT (100 μM) supplementation did not affect the viability, the plasma membrane integrity,
or the acrosomal integrity of frozen-thawed spermatozoa. These findings indicate that supplementing
extenders with 100 μM EGT may improve the motility of boar sperm in both liquid and freezing
preservation methods.
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The preservation method decreases the temperature of semen to 15–18 8C or lower. Boar
semen is extremely sensitive to cold damage. In addition, reactive oxygen species (ROS) play
a key role in sperm impairment within the cryo-environment. ROS affects sperm function,
acrosome integrity, and lipid peroxidation (Awda et al., 2009) in the cryo-environment,
thereby reducing sperm motility, plasma membrane integrity, and mitochondrial function in
post-thawed sperm (Fraser et al., 2007). In addition, ROS can cause DNA damage (Bennetts
and Aitken, 2005) and inhibit sperm-oocyte fusion (Aitken et al., 1989), resulting in fertility
reduction. It has been demonstrated that the addition of antioxidants improved sperm
quality after thawing, by improving the success of sperm-oocyte binding and fertilisation
(Contri et al., 2011; Nagahara et al., 2023).
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Ergothioneine (EGT; 2-mercaptohistidine trimethylbe-
taine) is a natural antioxidant derived from microorganisms,
non-yeast fungi, mycobacteria and cyanobacteria and has
potent antioxidant activity that reduces oxidative stress in
many tissues and cells (Cheah and Halliwell, 2012; Fu and
Shen, 2022). Seminal plasma also contains EGT, a non-
enzymatic antioxidant that mitigates oxidative damage
(Storey, 1997; Strzezek et al., 1999). Therefore, supplemen-
tation with EGT as an antioxidant may improve the quality
of porcine sperm after liquid storage or freezing. This study
aimed to investigate the effects of EGT supplementation in
semen extenders during liquid- and freeze-preservation on
the quality of boar semen.

Each fresh semen sample collected from three mature,
fertile large white boars, was diluted threefold with a
modified Modena extender as described previously (Namula
et al., 2014). The diluted samples were centrifuged at 6003g
for 10 min. After removing the supernatant, pellets from the
semen samples of the three boars were pooled into one tube
to eliminate individual differences.

In the liquid-preservation experiment, the mixed sam-
ples were preserved at 15 8C for one or three weeks, ac-
cording to the method described by Nagahara et al. (2023)
with minor modifications. Briefly, the mixed samples were
diluted in a modified Modena extender to a final concen-
tration of 23 108 cells/mL at 25 8C. The extended semen
samples (3 mL) were transferred to 15 mL conical poly-
styrene tubes and preserved at 15 8C in a Cool-Incubator
A1201 (Ikuta Sangyo, Nagano, Japan) within an uncon-
trolled atmosphere.

In the freeze-preservation experiment, the mixed sam-
ples were cryopreserved according to the method described
by Namula et al. (2019) with minor modifications. Briefly,
semen samples were diluted to a concentration of 43 108

cells/mL with the first extender. Semen samples were then
cooled to 5 8C from room temperature for approximately 2 h
and immediately diluted to a final concentration of 23 108

cells/mL with the second extender. The spermatozoa were
frozen in liquid nitrogen and thawed at 38 8C for 10 s on the
examination day.

Liquid-preserved and frozen-thawed semen samples
were tested for total sperm motility, progressive motility,
sperm viability, plasma membrane integrity and acrosome
integrity according to the methods described by Taniguchi
et al. (2014). We performed triplicate measurements for each
sperm parameter. Motility analyses were performed using a
computer-assisted sperm analysis system with a Sperm
Class Analyser ® (SCA® v.4.2) device (MICROPTIC, Bar-
celona, Spain). The analysis of total (TM, curvilinear velocity
>10 μm s�1) and progressive motility (RAP, curvilinear ve-
locity >100 μm s�1) was based on examining 25 consecutive
digitised images obtained from 3 to 5 fields using a3 10
phase contrast objective. At least 500 spermatozoa per
sample were analysed at an image capture speed of 40 ms.
Analyses of cell viability, plasma membrane integrity and
acrosome integrity were conducted using a live/dead stain
combination (SYBR-14/propidium iodide (PI); LIVE/DEAD
Sperm Viability Kit; Molecular Probes, Inc., Eugene, OR,

USA), a hypo-osmotic swelling test (Ahmad et al., 2003),
and fluorescein isothiocyanate-labelled peanut agglutinin
(FITC-PNA; Vector Laboratories, Inc., Burlingame, CA,
USA), respectively.

To examine the effects of EGT supplementation on the
quality of spermatozoa during liquid preservation, the
semen samples were preserved in the modified Modena
extender supplemented with 0, 50, 100 and 200 μM EGT
(Wako Pure Chemical Industries, Osaka, Japan) at 15 8C for
one or three weeks.

To examine the effects of EGT supplementation on the
quality of post-thawed spermatozoa during the freezing and
thawing processes, the semen samples were frozen and
thawed in the freezing extender supplemented with 0, 50,
100 and 200 μM EGT. Semen samples frozen for at least
3 days were assessed within 5 min of thawing.

Mean sperm quality values were analysed using the
analysis of variance (ANOVA) method, followed by the
Fisher’s protected least significant difference (PLSD) test
using STATVIEW (Abacus Concepts, Inc., Berkeley, CA,
USA). The data were subjected to an arcsine transformation
prior to statistical analysis. Differences with a probability
value of (P) ≤ 0.05 were considered statistically significant.

When compared to that of the control (without EGT),
100 μM EGT supplementation in semen extender during
storage at 15 8C for both one and three weeks significantly
increased the percentage of total motility of preserved
spermatozoa (P < 0.05; Table 1). However, EGT supple-
mentation did not affect progressive motility, viability,
plasma membrane integrity, or acrosomal integrity of pre-
served spermatozoa, irrespective of EGT concentration.
Similarly, 100 μM EGT supplementation in the freezing
extender significantly increased the percentage of total
and progressive motility of frozen-thawed spermatozoa
(P < 0.05) compared to that of the control group; however,
viability, plasma membrane integrity, or acrosomal integrity
of frozen-thawed spermatozoa were not affected (Table 2).

The production of ROS may damage sperm cells and
induce oxidative stress, leading to poor sperm quality in
boars and other species by reducing sperm motility, sperm-
oocyte fusion ability and fertilisation (Michael et al., 2008).
Importantly, antioxidants play a key role in protecting
sperm against the effects of ROS. In the present study, we
observed that the supplementation of the extender with
100 μM EGT significantly improved the motility of liquid-
preserved and cryopreserved spermatozoa. It has been
described that oxidative damage by ROS may affect mito-
chondrial DNA and membrane integrity, causing movement
interference in sperm (O’Flaherty and Scarlata, 2022). EGT
has been found to protect sperm cells from oxidative damage
and peroxidative chemicals, and to improve motility and
DNA integrity by scavenging singlet oxygen and hydroxyl
and peroxyl radicals in cryopreserved ram sperm (Najafi
et al., 2014). A study focusing on the quality of post-thawed
canine sperm has demonstrated that supplementation with
100 μM EGT increased sperm motility, movement kinetics
and the number (?) of rapid sperms by reducing the levels of
ROS (Usuga et al., 2021). These studies support our findings
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that supplementation with 100 μM EGT enhances sperm
motility in both liquid-preserved and cryopreserved sper-
matozoa. However, our study did not examine DNA or
mitochondrial damage, which can also be caused by intra-
cellular ROS. Further studies are necessary to evaluate the
role of EGT in the prevention of DNA and mitochondrial
damage and to better describe the mechanism of action of
EGT on boar sperm.

Sperm viability and membrane integrity are important
parameters for the assessment of sperm quality. ROS plays a
crucial role in sperm damage, leading to sperm death during
cryopreservation. Importantly, boar sperm cells are highly
sensitive to peroxidative damage because their structures
contain polyunsaturated fatty acids (Cerolini et al., 2000). In
the present study, we observed that adding EGT had no
beneficial effects on cell viability, plasma membrane integrity
or acrosomal integrity in either semen preservation methods.
Cheah and Halliwell (2012) have suggested that the in vivo
oxidative activity of EGT may powerfully scavenge hydroxyl
radicals, hydrogen peroxide, superoxide radicals, peroxyni-
trite and redox reactions of cation compounds. Many cells
are known to contain various protective mechanisms
against peroxidation through producing enzymatic anti-
oxidative agents e.g. superoxide dismutase, glutathione
peroxidase and glucose-6-phosphate dehydrogenase that
play important roles in the lipid peroxidative protection
of sperm cells (Nair et al., 2006; Walters et al., 2020).

Since the effect of EGT, used in the present study, was due to
non-enzymatic antioxidants (Cheah and Halliwell, 2012),
this may be the reason why our results showed no substantial
enhancement of the sperm quality parameters after EGT
supplementation.

In conclusion, EGT supplementation in semen extender
at a concentration of 100 μM is likely to improve sperm
motility but no other quality parameters when using either
liquid (15 8C) or freezing (�196 8C) preservation methods.
Therefore in the future, it may be necessary to examine other
parameters by which EGT supplementation is associated
with sperm quality or fertilization ability.
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