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Abstract : Semen cryopreservation induces the formation of reactive oxygen species (ROS), and the ROS cause sperm
damage. We aimed to investigate the effects of the antioxidative enzyme catalase (CAT) on sperm quality and ROS
during cryopreservation. Sperm rich fractions collected from five Duroc boars were cryopreserved in freezing extender
with (200 or 400 U/mL) or without CAT (control). After thawing, sperm motility, viability, normal morphology, plasma
membrane integrity, mitochondrial function and intracellular ROS were evaluated. CAT significantly improved total
sperm motility at a concentration of 400 U/mL (P <0.05), but didn’t improve progressive sperm motility, viability,
morphological defects, plasma membrane integrity and mitochondrial function in frozen-thawed boar sperm. In evaluation
of ROS, CAT had no effect on reduction in -O,, but scavenged H,0O, in viable frozen-thawed boar sperm at concentrations
of 200 and 400 U/mL (P <0.05). In conclusion, CAT was not enough to improve quality of frozen-thawed sperm,
but can reduce H,0, generation in viable boar sperm during cryopreservation.
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Introduction

Semen cryopreservation is associated with the increased gen-
eration of reactive oxygen species (ROS) in animals (9,22) and
higher levels of ROS during cryopreservation cause impair-
ment of sperm function (13). Boar sperm are particularly sus-
ceptible to oxidative attack by ROS, because they contain large
amounts of polyunsaturated fatty acids (38).

Sperm oxidative damage is the result of an improper balance
between ROS generation and scavenging activities. The scav-
enging potential of the ejaculate is normally maintained by ade-
quate levels of antioxidants present in the seminal plasma (SP)
(21,35). However, cryopreserved boar sperm have low antioxi-
dative enzyme defense mechanisms and can be vulnerable to
oxidative attack, because SP is generally removed during the
cryopreservation process. Accordingly, the generation of ROS
during cryopreservation should be minimized in order to
improve the quality of cryopreserved sperm in boar.

ROS-induced damage in sperm can be eliminated by the
action of enzymatic and non-enzymatic antioxidants (1). Sev-
eral research studies in animals have reported that antioxi dants
minimize the toxic effects of ROS to sperm by direct addition
of antioxidative enzymes (i.e., catalase, glutathione peroxidase,
superoxide dismutase) to sperm preservation extenders (16,25-
27,36). Although there have been several studies on the effect
of antioxidative enzymes during sperm cryopreservation, their
effect on sperm quality is still contradictory and their action as
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ROS scavengers needs further investigation.

Hydrogen peroxide (H,0,) is considered the most toxic spe-
cies (2,17) because of its ability to cross membranes freely and
inhibit enzyme activities and cellular functions, thus decreas-
ing the antioxidant defenses of the sperm (17). Likewise, H,O,
is known as the major ROS responsible for oxidative damage
in boar sperm (18). Catalase (CAT) has been reported as a
potential H,O, detoxifier (3), but its ability to act as antioxi-
dant in cryopreservation of boar sperm is not well known.
Therefore, the aims of this study were to investigate the effects
of CAT, as a supplement in sperm freezing extenders on sperm
quality and ROS during cryopreservation of boar sperm.

Materials and Methods

Reagents and media

All media components were purchased from Sigma Chemi-
cal Co (St. Louis, MO, USA). A stock solution of catalase
(CAT; 2 x10° U/mL) was prepared and preserved at —80°C
until used (32). The medium used for sperm extension was
Beltsville Thawing Solution (BTS) (30). The media used for
sperm cryopreservation were a lactose-egg yolk (LEY) extender
(80 mL of 11% lactose solution and 20 mL of egg yolk, pH 6.2)
and LEY-glycerol-Orvus-ES-Paste (LEYGO) extender (89.5%
[v/v] LEY extender, 9% [v/v] glycerol, and 1.5% [v/v] Equex
STM [Nova Chemical Sales, Scituate Inc., MA, USA], pH 6.2).

Experimental design
Each experimental day, stock solutions of CAT were thawed
and added to cryopreservation media for a final concentration
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of 200 and 400 U/mL. Semen cooled to 15°C was equally
divided into three aliquots and centrifuged. The aliquots were
extended each with LEY and LEYGO supplemented with dif-
ferent proportions of CAT: (1) LEY and LEYGO extenders
without CAT (control); (2) supplemented with 200 U/mL CAT;
(3) supplemented with 400 U/mL CAT. The extended aliquots
were then cryopreserved. The effects of CAT on boar sperm
cryopreservation were assessed by conventional sperm parame-
ters (sperm motility, viability, and morphology), plasma mem-
brane integrity, mitochondrial membrane integrity and intra-
cellular ROS at 30 min postthawing.

Processing, cryopreservation and thawing of semen

Five fertile Duroc boars were used in this study. One ejacula-
tion from each boar was collected using the gloved-hand
method (n=5). Sperm rich fractions were extended (1:1 [v/v])
in BTS. After collection, the sperm concentration, motility, and
morphology were evaluated under light microscopy, and only
ejaculates with >70% motile sperm and > 80% normal mor-
phologies were used. Immediately after evaluation, the diluted
sperm-rich fractions were slowly cooled to 15°C for 3 h and
cooled semen was transferred to the laboratory within 24 h at
15°C. Semen was processed according to the straw freezing
procedure (4) with some modification. Briefly, semen cooled to
15°C was centrifuged at 800 x g for 10 min (15°C) and the
semen pellet was resuspended with LEY extender to a concen-
tration of 1.5 x 10%/mL. After further cooling to 5°C for 90 min,
two parts LEY-extended semen were mixed with one part
LEYGO extender to a final freezing concentration of 1 x 10%/
mL. The diluted and cooled semen was then loaded into 0.5-mL
French straws (IMV, L’ Aigle, France) and placed in liquid nitro-
gen vapor approximately 3 cm above the level of the liquid
nitrogen for 20 min after which the straws were stored directly
in the liquid nitrogen. Thawing was achieved by immersing the
straws in a water bath at 37°C for 20 sec (12) and thawed sperm
suspensions were diluted at 37°C in BTS (1:2 [v/v]). After hold-
ing the thawed sperm suspension in a water bath for 30 min, the
thawed sperm were evaluated.

Sperm evaluation

Conventional sperm parameters

The percentage of total motile sperm and progressively
motile sperm (sperm showing rapid steady forward [RSF]
movement) was estimated using microscopic examination (33).
The percentage of motile and progressively motile sperm was
determined by observing a minimum of 300 sperm, in at least
six different fields under a bright field microscope at x 400
magnification. The mean of six successive estimations was
recorded as the final motility score. The viability of sperm was
assessed by means of the eosin-nigrosin staining method (10).
Viability was assessed by counting 200 sperm under a bright
field microscope at x 400 magnification. Sperm displaying par-
tial or complete purple staining were considered non-viable;
only sperm showing strict exclusion of stain were counted as
viable. The morphology of sperm was evaluated using the Diff-

Quik kit (International Reagents Corp., Kobe, Japan). Briefly, a
drop of semen on a glass slide was drawn out and allowed to
air-dry. The slide was then stained with the Diff-Quik kit. At
least 200 sperm were evaluated under light microscopy at
x 1000 magnification.

Sperm plasma membrane integrity

Sperm plasma membrane integrity was assessed using 6-car-
boxyfluoresceindiacetate (6-CFDA; Sigma-Aldrich, St. Louis,
MO, USA)/propidium iodide (PI; Sigma-Aldrich) fluorescent
staining (31). Briefly, 500 uL of semen sample (1 x 10°sperm/
mL) were stained with 6-CFDA (5 pL of a 2 pg/mL) and PI
(5 uL of a 0.1 mg/mL). Samples were then incubated at 37°C
for 15 min and analyzed using flow cytometry. Analyzed sperm
were classified as having either an intact plasma-membrane
(CFDA+/PI-) or a damaged plasma-membrane (CFDA—/PI+).

Sperm mitochondrial function

Sperm mitochondrial function was assessed using Rhodamine
123 (R123; Molecular Probes Inc., Eugene, OR, USA)/PI
(Sigma-Aldrich) fluorescent staining (28). Aliquots of 500 puL
of semen sample (1 x 10° sperm/mL) were stained with R123
(3 uL of a 0.1 mg/mL) and PI (5 pL of a 0.1 mg/mL). Samples
were then incubated at 37°C for 25 min and analyzed using flow
cytometry. Data were expressed as the percentage of viable
sperm with intact mitochondrial membrane integrity (R123+/
PI-). In addition, the mean fluorescence intensity (MFI) of
R123 was measured to evaluate mitochondrial activity in each
population (total, viable and dead sperm).

Sperm intracelular -O, and H,0O,

Hydroethidine (HE; Molecular Probes Inc.) and 2°,7’-dichlo-
rodihydrofluorescein diacetate (H,DCFDA; Molecular Probes
Inc.) were used to detect -O, and H,O,, respectively, as
described by Guthrie and Welch (18). Aliquots of 500 uL of
semen (1 x 10°sperm/mL) were mixed either HE or H,DCFDA
to final concentrations of 4 uM and 200 uM, respectively. To
simultaneously differentiate living from dead sperm, Yo-Pro-1
(final concentration, 0.05 uM) was added to HE-treated sperm
and PI (final concentration, 2 uM) was added to H,DCFDA-
treated sperm. Samples stained with HE and Yo-Pro-1 were
incubated at 25°C for 40 min and samples stained with
H,DCFDA and PI were incubated at 25°C for 60 min. After
incubation, samples were analyzed using flow cytometry. Data
were expressed as the percentage of viable sperm with high -O,
(high ethidium fluorescence) and H,O, (high DCF fluores-
cence). In addition, the MFI of ethidium and DCF were mea-
sured to evaluate intracellular mean ‘O, and H,O, per the total
(whole) sperm and each sub population.

Flow cytometric analysis

All flow cytometry analyses were performed using a FACS-
calibur flow cytometer (Becton Dickinson, San José, CA, USA)
equipped with a 15 mW air-cooled 488 nm argon-ion laser and
Cell Quest Pro software (Becton Dickinson). A total of 10,000
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individual sperm-sized events were selected based on forward
and side scatter and collected at a flow rate of <200 events/sec-
ond. FL1 signals (6-CFDA, R123, Yo-Pro-1 and DCF) were
detected between a 500 and 530 nm band pass filter, and FL3
signals (PI and ethidium) were detected through a > 630 nm
band pass filter. Evident sperm populations were gated and the
quantity of sperm and MFI of each population were deter-
mined.

Statistical analysis

Statistical analysis of the data was performed using SPSS
software (version 15.0 for Windows; SPSS Inc., Chicago, IL,
USA). The Shapiro-Wilk test was utilized to evaluate normal-
ity analysis. The non-parametric Friedman test was used for
analysis of all data, and the Wilcoxon signed ranks test was
used to calculate the difference between samples in cases show-
ing significant differences with the Friedman test. Statistical
significance was set at P <0.05 and all data were presented as
the mean + standard error of the mean (SEM).

Results

Treatment with 400 U/mL CAT improved total sperm motil-

ity compared with the control (P <0.05), but not compared
with the 200 U/mL CAT treatment. Total sperm motility in the
200 U/mL CAT-treated groups was not different from the con-
trol (Table 1). There were no significant differences among the
three groups (0, 200, and 400 U/mL CAT-treated groups) in
progressive motility, viability, morphology, plasma membrane
integrity, and mitochondrial function (Tables 1-3).

The percentage of viable sperm with a high intracellular -O,
(V2) was not significantly different among the three groups
(4.30£0.56%, 4.62 £ 0.63%, and 4.73 £ 0.75% for 0, 200, and
400 U/mL CAT-treated groups, respectively; Fig 1B). The intra-
cellular -O, of the CAT-treated groups were not different from
that of the control in total (172.76 +7.54, 185.20 + 12.94, and
182.62 £ 11.58 for 0, 200, and 400 U/mL CAT-treated groups,
respectively) and viable sperm populations (97.87 +5.84,
102.59 +7.48, and 103.43 +8.26 for 0, 200, and 400 U/mL
CAT-treated groups, respectively), but was lower than that of
the control in moribund (1009.52 £ 20.90, 869.22 + 19.58, and
875.21 £25.63 for 0, 200, and 400 U/mL CAT-treated groups,
respectively) and dead sperm populations (303.16 + 6.16, 282.54
+7.68, and 285.69+7.24 for 0, 200, and 400 U/mL CAT-
treated groups, respectively, P <0.05; Fig 1C). There were no
significant differences in intracellular ‘O, between the CAT-

Table 1. Sperm motility, viability and plasma membrane integrity following catalase (CAT) treatment

CAT treatment Motility (%)

Viability (%) Plasma membrane integrity (%)

Total Progressive Intact Damaged
0 U/mL 48.00 + 3.39° 42.00+3.39 66.30 £2.83 59.61 £1.77 39.34+1.42
200 U/mL 50.00 + 4.18* 45.00+4.18 68.80 = 1.50 54.57+£2.82 44.48 £ 1.76
400 U/mL 52.00 £ 4.06 47.00 +4.06 70.00 + 1.87 56.79 + 2.65 4235+ 1.61

Within a column, values with different superscripts differ significantly, P <0.05.

Table 2. Sperm morphological defects following catalase treatment

Morphology parameter (%) 0 U/mL CAT 200 U/mL CAT 400 U/mL CAT
Head abnormalities 6.20+1.93 6.60 = 0.75 6.60 = 1.69
Acrosome abnormalities 14.00 + 1.27 11.80+1.83 1220+ 1.53
Midpiece abnormalities
Cytoplasmic residue 10.40 +3.37 10.40+2.11 12.80 +3.31
Broken, bent, double and thick 2.80+0.74 3.80+1.02 3.00+0.55
Tail abnormalities 0.40+0.40 0.40+0.40 0.60 +0.40
Total abnormalities 30.20+4.10 29.20 £ 4.62 29.80 £4.53

Table 3. Sperm mitochondrial function following catalase treatment

Viable sperm with

Mitochondrial activity (MFI of R123)

CAT treatment

intact mitochondrial membrane (%) Total sperm Viable sperm Dead sperm

0 U/mL 62.88+1.75 177.94 +£7.04 202.70 = 10.01 148.87 +3.49
200 U/mL 58.84 £2.28 176.22 + 6.90 203.34+9.55 149.56 +4.25
400 U/mL 60.96 + 1.05 175.05 +£4.26 200.31 + 6.48 147.93 £2.58
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Fig 1. Flow cytometric analysis of sperm labeled with HE/Yo-Pro-1 in 0 U/mL (control), 200 U/mL, and 400 U/mL CAT-treated groups.
The labeled sperm was classified into four categories (A). In (A), V1 represents viable sperm with a low intracellular -O,, and V2 rep-
resents viable sperm with a high intracellular -O,. The percentage of V1 and V2 (B) and mean fluorescence intensity (MFI) of ethidium
in each category (C) were compared among the three experimental groups. Data are presented as the mean = SEM. Asterisk (*) indicates
values that are significantly different from control (P <0.05, n=5).
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Fig 2. Flow cytometric analysis of sperm labeled with H,DCFDA/PI in control (a), 200 U/mL (b), and 400 U/mL (c) CAT-treated groups.
The labeled sperm were classified into three categories (A). In (A), V1 (lower right quadrant) represents viable sperm with a low intra-
cellular H,0,, V2 (lower left quadrant) represents viable sperm with a high intracellular H,O,, and the upper quadrants represent dead
sperm. The percentage of V1 and V2 (B) and MFI of DCF in each category (C) was compared among the three experimental groups. Data
are presented as the mean + SEM. Asterisk (*) indicates values that are significantly different from control (P <0.05, n=75).

treated groups in all populations.

The percentage of viable sperm with a high intracellular
H,0, (V2) decreased in the CAT-treated groups (0.93 + 0.26%
and 0.80 + 0.25% for 200 and 400 U/mL CAT-treated groups,
respectively) compared with the control (1.91+0.48%, P <
0.05; Fig 2B). In addition, the intracellular H,O, of the CAT-
treated groups was lower than that of the control in both total
(127.76 £ 10.80, 100.90 + 14.00, and 100.47 + 16.08 for 0, 200,
and 400 U/mL CAT-treated groups, respectively) and viable
sperm populations (168.94 £ 8.69, 131.14+12.13, and 128.73 +
14.08 for 0, 200, and 400 U/mL CAT-treated groups, respec-
tively, P<0.05). In dead sperm population, the intracellular

H,0, of the CAT-treated groups was not significantly different
from that of the control (90.06=+12.04, 75.05+12.99, and
75.05+16.23 for 0, 200, and 400 U/mL CAT-treated groups,
respectively; Fig 2C). There were no significant differences in
intracellular H,O, between the CAT-treated groups in all sub-
population.

Discussion

Part of the reductions in sperm motility and fertility associ-
ated with cryopreservation may be due to oxidative damage
from excessive or inappropriate formation of ROS (29,32). Oxi-
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dative stress, an imbalance between ROS creation and native
antioxidant defense mechanisms, causes decreased sperm motil-
ity, membrane fluidity, DNA integrity and mitochondrial func-
tion, as well as alteration of sperm metabolism (1), decreased
ability to fuse with the oocyte, and compromised pregnancy
after in vitro fertilization (20). H,O, is known as the major ROS
responsible for oxidative damage in human (3), stallion (7) and
boar sperm (18). Therefore, CAT, which transforms H,O, into a
harmless product (H,0) (15), might help prevent oxidative dam-
age induced by cryopreservation and thereby improve sperm
qualities.

We found that CAT supplementation of the freezing extender
increased total motility, but did not improve other sperm qual-
ity parameters (progressive motility, viability, morphological
defects, plasma membrane integrity, and mitochondrial func-
tion). Our results are in agreement with evidence that 200 U/
mL CAT does not improve motility, mitochondrial activity, and
acrosome integrity of stallion sperm (8). Likewise, 200 U/mL
CAT compromised motility in epididymal cat sperm (37) and
addition of 400 U/mL and 800 U/mL CAT was deleterious to
the motility of ram sperm (25). At the same time, improvement
of frozen-thawed sperm quality by CAT supplementation in
other animals (26,32) showed that oxidative stress may play a
role in cell damage during cryopreservation. Optimization of
CAT concentration may be required to effectively identify the
benefits to boar sperm cryopreservation.

To examine the antioxidative ability of CAT on frozen-
thawed boar sperm, we used the flow cytometry to measure
ROS in each sperm population after cryopreservation follow-
ing CAT supplementation. Although CAT improved sperm
quality only weakly at best, it did diminish H,0O, in viable fro-
zen-thawed sperm even at a low concentration of 200 U/mL.
CAT supplementation may keep viable frozen-thawed sperm
from oxidative damage by reducing the intracellular H,O, of
viable sperm after freeze-thawing. The fertilizing ability of via-
ble sperm might be enhanced by CAT supplementation after
freeze-thawing in a time-dependent fashion, with CAT pre-
venting impairment of sperm surviving from cryopreservation
through antioxidative action. Indeed, the addition of CAT to
the extender improves the survival and in vitro fertility of lig-
uid-stored ram sperm (25) and improves total sperm motility,
viability, and the ability of frozen-thawed sperm to produce
embryos in vitro, with reduced ROS generation using chemilu-
minescence method (32). In addition, the antioxidant action of
CAT in viable frozen-thawed sperm might be of further bene-
fit to sperm in the female reproductive tract, which is charac-
terized by higher levels of oxidative stress (5,39). However, it
is still not clear that CAT provides viable boar sperm with suf-
ficient protection from oxidative damage during cryopreserva-
tion. Further studies will be necessary to determine if the
reduction of H,0, in viable frozen-thawed sperm by CAT is
sufficient to improve fertilizing ability after freeze-thawing.

CAT only uses H,O, as a substrate when its concentration is
largely above physiological levels, as can happen in oxidative
bursts characteristics of stress responses (14,15). The reduction

of H,0, in viable frozen-thawed sperm by CAT supplementa-
tion provide indirect evidence that cryopreservation may pro-
duce enough H,O, to cause cytotoxicity in viable boar sperm.
CAT might be a major antioxidant for cryopreserved boar
sperm.

CAT shows a high selectivity for its substrate, which is H,O,.
Unexpectedly, however, CAT reduced the MFI of ethidium in
moribund and dead boar sperm. HE is considered to be a more
sensitive probe for -O, than H,O, (34) and HE has been used in
many studies for -O, detection (6,23,24). Others have indicated
that under certain conditions HE can serve as a substrate for
oxidation by either O, or H,0, (18,19). Accordingly, the reduc-
tion in MFI of ethidium by CAT in moribund and dead boar
sperm might indicate that HE might serve as a substrate for
H,0,. However, the H,0, in dead sperm did not significantly
decrease with CAT supplementation on the basis of the DCF
assay. It might be due to removal of H,O, prior to activating the
generation of O, inside the cells (11) rather than by oxidation
of HE by H,0,. Further research is required to determine if the
reduction in ethidium fluorescence by CAT is due to the H,O,-
detecting ability of HE or -O, inactivation following removal of
H,0, by CAT.

In conclusion, this study focused on the effect of CAT on
ROS in viable boar sperm after cryopreservation. CAT led to a
reduction in H,0, in the viable frozen-thawed sperm. Although
no obvious effect of CAT on cryopreserved sperm quality was
observed, the reduction of H,0, in viable sperm by CAT sup-
plementation might have some positive effects on fertility.

References

1. Agarwal A, Saleh RA, Bedaiwy MA. Role of reactive oxygen
species in the pathophysiology of human reproduction. Fertil
Steril 2003; 79: 829-843.

2. Aitken RJ, Buckingham D, Harkiss D. Use of a xanthine oxidase
free radical generating system to investigate the cytotoxic effects
of reactive oxygen species on human spermatozoa. J Reprod
Fertil 1993; 97: 441-450.

3. Aitken RJ. Free radicals, lipid peroxidation and sperm function.
Reprod Fertil Dev 1995; 7: 659-668.

4. Almlid T, Johnson LA. Effects of glycerol concentration, equil-
ibration time and temperature of glycerol addition on post-
thaw viability of boar spermatozoa frozen in straws. J Anim
Sci 1988; 66: 2899-2905.

5. Alvarez JG, Storey BT. Spontaneous lipid peroxidation in
rabbit and mouse epididymal spermatozoa: dependence of rate
on temperature and oxygen concentration. Biol Reprod 1985;
32: 342-351.

6. Awda BJ, Mackenzie-Bell M, Buhr MM. Reactive oxygen
species and boar sperm function. Biol Reprod 2009; 81: 553-
561.

7. Baumber J, Ball BA, Gravance CG, Medina V, Davies-Morel
MC. The effect of reactive oxygen species on equine sperm
motility, viability, acrosomal integrity, mitochondrial membrane
potential, and membrane lipid peroxidation. J Androl 2000;
21: 895-902.

8. Baumber J, Ball BA, Linfor JJ. Assessment of the cryopreser-



18

9.

10.

11.

12.

13.

14.

1.

16.

17.

18.

19.

20.

21.

22.

23.

Suhee Kim, Young-Jun Lee and Yong-Jun Kim

vation of equine spermatozoa in the presence of enzyme
scavengers and antioxidants. Am J Vet Res 2005; 66: 772-779.
Bilodeau JF, Chatterjee S, Sirard MA, Gagnon C. Levels of
antioxidant defenses are decreased in bovine spermatozoa after
a cycle of freezing and thawing. Mol Reprod Dev 2000; 55:
282-288.

Bucak MN, Atessahin A, Varisli O, Yuce A, Tekin N, Akcay
A. The influence of trehalose, taurine, cysteamine and
hyaluronan on ram semen Microscopic and oxidative stress
parameters after freeze-thawing process. Theriogenology 2007,
67: 1060-1067.

Carter WO, Narayanan PK, Robinson JP. Intracellular hydrogen
peroxide and superoxide anion detection in endothelial cells. J
Leukoc Biol 1994; 55: 253-258.

Carvajal G, Cuello C, Ruiz M, Vazquez JM, Martinez EA,
Roca J. Effects of centrifugation before freezing on boar
sperm cryosurvival. J Androl 2004; 25: 389-396.

Chatterjee S, Gagnon C. Production of reactive oxygen species
by spermatozoa undergoing cooling, freezing, and thawing.
Mol Reprod Dev 2001; 59: 451-458.

Cohen G, Hochstein P. Glutathione Peroxidase: The primary
agent for the elimination of hydrogen peroxide in erythrocytes.
Biochemistry 1963; 2: 1420-1428.

Drevet JR. The antioxidant glutathione peroxidase family and
spermatozoa: a complex story. Mol Cell Endocrinol 2006; 250:
70-79.

Funahashi H, Sano T. Select antioxidants improve the function
of extended boar semen stored at 10 degrees C. Theriogen-
ology 2005; 63: 1605-1616.

Griveau JF, Dumont E, Renard P, Callegari JP, Le Lannou D.
Reactive oxygen species, lipid peroxidation and enzymatic
defence systems in human spermatozoa. J Reprod Fertil 1995;
103: 17-26.

Guthrie HD, Welch GR. Determination of intracellular reactive
oxygen species and high mitochondrial membrane potential in
Percoll-treated viable boar sperm using fluorescence-activated
flow cytometry. J Anim Sci 2006; 84: 2089-2100.

Guthrie HD, Welch GR. Use of fluorescence-activated flow
cytometry to determine membrane lipid peroxidation during
hypothermic liquid storage and freeze-thawing of viable boar
sperm loaded with 4, 4-difluoro-5-(4-phenyl-1,3-butadienyl)-4-
bora-3a,4a-diaza-s-indacene-3-und ecanoic acid. J Anim Sci
2007; 85: 1402-1411.

Hammadeh ME, Radwan M, Al-Hasani S, Micu R, Rosenbaum
P, Lorenz M, Schmidt W. Comparison of reactive oxygen
species concentration in seminal plasma and semen parameters
in partners of pregnant and non-pregnant patients after IVF/
ICSI. Reprod Biomed Online 2006; 13: 696-706.

Jelezarsky L, Vaisberg C, Chaushev T, Sapundjiev E. Localiza-
tion and characterization of glutathione peroxidase (GPx) in
boar accessory sex glands, seminal plasma, and spermatozoa
and activity of GPx in boar semen. Theriogenology 2008; 69:
139-145.

Kim SH, Yu DH, Kim YJ. Effects of cryopreservation on
phosphatidylserine translocation, intracellular hydrogen peroxide,
and DNA integrity in canine sperm. Theriogenology 2010; 73:
282-292.

Mahfouz R, Sharma R, Lackner J, Aziz N, Agarwal A.
Evaluation of chemiluminescence and flow cytometry as tools
in assessing production of hydrogen peroxide and superoxide

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

3s.

36.

37.

38.

39.

anion in human spermatozoa. Fertil Steril 2009; 92: 819-827.
Mahfouz RZ, du Plessis SS, Aziz N, Sharma R, Sabanegh E,
Agarwal A. Sperm viability, apoptosis, and intracellular reactive
oxygen species levels in human spermatozoa before and after
induction of oxidative stress. Fertil Steril 2010; 93: 814-821.
Maxwell WM, Stojanov T. Liquid storage of ram semen in
the absence or presence of some antioxidants. Reprod Fertil
Dev 1996; 8: 1013-1020.

Michael A, Alexopoulos C, Pontiki E, Hadjipavlou-Litina D,
Saratsis P, Boscos C. Effect of antioxidant supplementation on
semen quality and reactive oxygen species of frozen-thawed
canine spermatozoa. Theriogenology 2007; 68: 204-212.
Michael AJ, Alexopoulos C, Pontiki EA, Hadjipavlou-Litina
DJ, Saratsis P, Ververidis HN, Boscos CM. Quality and
reactive oxygen species of extended canine semen after
vitamin C supplementation. Theriogenology 2008; 70: 827-835.
Papaioannou KZ, Murphy RP, Monks RS, Hynes N, Ryan MP,
Boland MP, Roche JF. Assessment of viability and mito-
chondrial function of equine spermatozoa using double staining
and flow cytometry. Theriogenology 1997; 48: 299-312.

Pena FJ, Johannisson A, Wallgren M, Rodriguez Martinez H.
Antioxidant supplementation in vitro improves boar sperm
motility and mitochondrial membrane potential after cryopreser-
vation of different fractions of the ejaculate. Anim Reprod Sci
2003; 78: 85-98.

Pursel VG Johnson LA. Freezing of boar spermatozoa:
fertilizing capacity with concentrated semen and a new thawing
procedure. J Anim Sci 1975; 40: 99-102.

Ricei G, Perticarari S, Fragonas E, Giolo E, Canova S,
Pozzobon C, Guaschino S, Presani G. Apoptosis in human
sperm: its correlation with semen quality and the presence of
leukocytes. Hum Reprod 2002; 17: 2665-2672.

Roca J, Rodriguez MJ, Gil MA, Carvajal G Garcia EM, Cuello
C, Vazquez JM, Martinez EA. Survival and in vitro fertility of
boar spermatozoa frozen in the presence of superoxide dismutase
and/or catalase. J Androl 2005; 26: 15-24.

Rota A, Strom B, Linde-Forsberg C. Effects of seminal plasma
and three extenders on canine semen stored at 4 degrees C.
Theriogenology 1995; 44: 885-900.

Rothe G, Valet G Use of hydroethidine (HE) and 2,7-
dichlorofluorescin (DCFH) for the flow-cytometric measure-
ment of NADPH-oxidase and mitochondrial oxygen radical
formation in phagocytes. Cytometry [Suppl.] 1987; 1: 77.

Sikka SC. Relative impact of oxidative stress on male
reproductive function. Curr Med Chem 2001; 8: 851-862.
Thuwanut P, Chatdarong K, Techakumphu M, Axner E. The
effect of antioxidants on motility, viability, acrosome integrity and
DNA integrity of frozen-thawed epididymal cat spermatozoa.
Theriogenology 2008; 70: 233-240.

Thuwanut P, Chatdarong K, Johannisson A, Bergqvist AS,
Soderquist L, Axner E. Cryopreservation of epididymal cat
spermatozoa: effects of in vitro antioxidative enzymes supple-
mentation and lipid peroxidation induction. Theriogenology
2010; 73: 1076-1087.

White IG. Lipids and calcium uptake of sperm in relation to
cold shock and preservation: a review. Reprod Fertil Dev
1993; 5: 639-658.

Zini A, Fischer MA, Mak V, Phang D, Jarvi K. Catalase-like
and superoxide dismutase-like activities in human seminal
plasma. Urol Res 2002; 30: 321-323.



The Reduction of Hydrogen Peroxide in Viable Boar Sperm Cryopreserved in the Presence of Catalase

Catalase 70| }E =HX] MY 2 A Sl F 4FE XM
Hydrogen Peroxide2| #2

=

U%s - O|HE - LEfS - UBE'

AR st 4ol st

2 o AN T4 AL SNAT APS Fidei, AE SANALTE AR B4E o= FleE 4
A A wEb B AT 5Fe 5 A T A8t a4 F SRl catalase (CATE H7FEe =z gal 3 =)
o 71e BNAaEe el PiAs EAE dolEax) siolnk. svle] iXolA AF e e 0 (L), 200,
400 U/mL CAT7} H71Eo] = 54 Mo 747 F4sIeith. §a3 &, A= 254, AEA3, B4 Fee, ¥4
2 214, EZE0} 715, AlXEY ROSE H7I8ISATE CATE 400 UmLe] FEdA WA B2 &54& f%}/%*l

7}11]”} (P<0.05), A3 54, 24, 71F &, Y 234, nEF=E0} 7] 04 S HERHA ‘1’%9}5}. ikl

Zo] FrlolA], CATE FSHE] A= 2411-,] - 0,9 7V\°ﬂ B2E YEA] g2 W H,0,5 AR
(P<005) ABOE CATE T4 % Fall® BAY 2& HATIe o & &35 Hehlixl SR AE el
H,0,2 AATERN YEHA] *}ﬁ}ﬂ s 7\:1—5\—}\]7] T oz AdE

F20{ : R AHA}, catalase, 32 H=, SAAAS

19



