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ABSTRACT

The cold shock of spermatozoa is associated with oxidative stress induced by reactive oxygen species. This study

was conducted to evaluate the toxicity of natural antioxidant green tea extract (GTE) in lactose-egg yolk (LEY) extender

during boar sperm cooling prior to freezing. Spermatozoa were cooled to 5C for 3 h in LEY extender containing
0 (control), 1, 10, 100 or 1,000 mg/l of GTE, re-suspended with LEY-glycerol-Equex extender and cooled at 5C for
30 min. Sperm progressive motility, viability and phosphatidylserine (PS) translocation were evaluated. PS translocation was

assayed by flow cytometry using Annexin V-FITC apoptosis detection kit. The sperm function including progressive

motility, viability and PS translocation was not significantly different regardless of GTE concentrations (P>0.05). In

conclusion, this study demonstrated non-toxicity of GTE supplement in LEY extender during sperm cooling.
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INTRODUCTION

Of the sperm from mammalian species, boar spermatozoa
are the most susceptible to cold shock damage. This high de-
gree of susceptibility to cold shock is associated with a high
ratio of polyunsaturated to saturated fatty acids in the phos-
pholipids and low cholesterol content in the sperm membranes
(Darin-Bennett et al., 1976). This peculiar composition causes
boar spermatozoa to undergo a more pronounced lipid phase
transition, which occurs at temperatures between 15C and 5C
(Drobnis et al., 1993). This temperature range is consistent
with the range in which cooling damage is most prominent in
boar spermatozoa (Watson, 2000).

In addition, the cold shock of spermatozoa is associated with
oxidative stress induced by reactive oxygen species (ROS)
generation (Chatterjee and Gagnon, 2001). ROS, which are ge-
nerated by spermatozoa during cold storage, induce alterations
in sperm hyperactivation, capacitation and acrosome reaction
(Agarwal et al., 2004). Such stress produces ROS that have
been shown to reduce sperm motility (Armstrong et al., 1999)
and membrane function (Chatterjee and Gagnon, 2001) and
increase nuclear DNA fragmentation (Fraser and Strzezek, 2007;
Whitaker and Smith, 2008). Therefore, ROS generated during
cooling step might affect function of spermatozoa frozen and
thawed.
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Recently, there is an increasing interest of natural antioxi-
dants because of the safety and toxicity problems of synthetic
antioxidants, butylhydroxyanisole, butylhydroxytoluete that are
commonly used in lipid contain in foods (Yanishlieva and Ma-
rinova, 1996). Kahl and Kappus (1993) described the positive
actions of extracts from herbs. Natural antioxidants are primary
plant phenolics which are multifunctional and can act as
reducing agents. Natural anti-oxidants such as rosemary (Ros-
marinus officinalis) and soya have been successfully added into
semen freezing extenders in several species, including boar
(Malo et al., 2010), canine (Gonzélez et al., 2010) or ovine
(Gil et al., 2010).

Particularly, the main constituents of green tea (GT) fla-
vonoids are catechins. GT also contains gallic acid and other
phenolic acid such as chlorogenic acid, caffeic acid and fla-
vonols such as kaempferol, myricetin and quercetin (USDA,
2003). The health benefits of GT are attributed mainly to their
antioxidant properties and the ability of its polyphenolic cate-
chins to scavenge ROS.

The aim of this study was to investigate the effect of GTE
supplemented into semen extender on boar spermatozoa during
cooling. In particular, we focused on examing its toxicity by
comparing various concentration of GTE in lactose-egg yolk
(LEY) extender. We assessed sperm PS translocation as well

as sperm motility and viability.
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MATERIALS AND METHODS

1. Chemicals

Unless indicated otherwise, all chemicals were purchased
from Sigma-Aldrich (St. Louis, MO, USA) and solutions were
prepared with high purity water (6114VF, Sartorius AG, Goe-
ttingen, Germany). Equex STM paste was obtained from Nova
Chemical Sales Inc. (Scituate, MA, USA). Green tea powder
(GTP) was obtained from Bioland (GTP-020968, Seoul, Korea).
GTE was prepared by modifying Yu et al. (2002). GT solution
with different concentration (0, 1, 10, 100 and 1,000 mg/L)
were prepared by solving GTP in 3rd distilled water and were
filtered by 1.2 um (Sartorius, Goettingen, Germany). GTE was
analyzed by spectrophotometer (UV-1601, Shimadzu Co., Kyoto,
Japan) for its flavonoid concentration at Research Center for
industrial Development of Biofood materials in Chonbuk Na-
tional University. Flavonoid concentrations of GTE are shown
in Table 1.

2. Collection of Semen

Semen was collected from six fertile boars (1 ejaculate/boar)
by the gloved-hand technique and filtered through four layers
of sterile gauze to remove the gel particle and then transferred
into a 15 mL tube. The semen samples of the sperm-rich frac-
tion were extended (1:1 [v:v]) in Beltsville thawing solution
(BTS; 37 mg/mL glucose, 1.25 mg/ml EDTA, 6 mg/ml sodium
citrate, 1.25 mg/ml sodium bicarbonate, 0.75 mg/ml potassium
chloride, 0.6 mg/ml penicillin and 1 mg/ml streptomycin) (Pur-
sel and Johnson, 1975).

The diluted sperm was assessed for volume, sperm concen-
tration and percentage of motile spermatozoa. The sperm-rich
fraction of ejaculates with greater than a minimum of 75%
motile and of 80% morphologically normal spermatozoa was

used in this study. Immediately after evaluation, the diluted

Table 1. Flavonoid concentration in GTE

GTE (mg/l) Total flavonoid (mg/100g)
1 1.11
10 17.74
100 171.87
1,000 1,712.67

GTE: Green tea extract

sperm-rich fractions were stored to 24C for 2 h.

3. Sperm Cooling

The extenders used in experiments were composed of ex-
tender 1 and extender 2. Extender 1 was composed of LEY
extender (80 mL of lactose solution, 20 mL of egg yolk and
0.1% antibiotic-antimycotic in 100 mL sterile non-pyrogenic
water) supplemented with different concentration of GTE (0
[control], 1, 10, 100 and 1,000 mg/L). Extender 2 consisted of
LEY extender supplemented with 9% (v:v) glycerol and 1.5%
(v:v) Equex STM.

Semen was processed according to the cooling procedure
(Guthrie and Welch, 2006). Briefly, semen diluted in BTS was
centrifuged at 850 x g for 15 min at room temperature. The
supernatant was then removed and the semen pellet was re-
suspended with extender 1 to a concentration of 1.5 x 10%mL.
Sperm suspensions were cooled gradually from 24C to 5C
for 3 h. At this temperature, a second dilution step to 1 x
10%mL was performed with extender 2 and the sperm were

maintained at 5°C for 30 min.

4. Sperm Motility

Semen (10 pL) was placed on a slide and cover-slipped.
The percentage of progressive motile sperm was estimated
under microscopic examination at 400 x magnification (Yu,
2014). The mean of six successive estimations was recorded as

the final motility score.

5. Sperm Viability

The integrity of the plasma membrane of the sperm was
measured (Yu, 2014) using the fluorescent double stain Fer-
tilight® (Molecular Probes Inc., Eugene, OR, USA). For each
replicate sample, two slides were prepared and appropriately
200 spermatozoa were counted per slide. The number of green
or red fluorescent spermatozoa was counted under a fluorescence
microscope (Axio, Carl Zeiss, Goettingen, Germany) fitted with
a 488 nm excitation filter and the percentage of membrane-
intact spermatozoa (green fluorescence in sperm head) was

calculated.

6. Phosphatidylserine (PS) Translocation
An Annexin V-FITC apoptosis detection kit I (BD Pharmin-
gen, San Diego, CA, USA) was used according to the manu-

facturer's instructions. The sperm suspension was centrifuged
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at 300 x g for 5 min and the supernatant was removed. The
sperm pellet was resuspended in 1% Annexin V binding buffer
(10 mM HEPES/NaOH [pH 7.4], 140 mM NaCl and 2.5 mM
CaCl,) at room temperature to a concentration of 1 x 10°
sperm/mL. Aliquots (100 pL of 1 x 10° cells) of the sperm
suspension were transfer red to 5 mL culture tubes. Annexin
V-FITC (5 pL) and 5 pL of propidium iodide (PI) or nothing
was added to the samples. The tubes were gently mixed and
incubated at room temperature for 15 min in the dark. After
incubation, an additional 1x binding buffer (400 pL) was added
to each tube.

All fluorescence signals of labeled spermatozoa were analy-
zed with a FACSCalibur flow cytometer (Becton Dickinson,
USA) equipped with a 15 mW air-cooled 488 nm argon-ion
laser. FL1 (Annexin V) signals were detected through a 530/
30 nm band-pass filter and FL2 (PI) signals were detected th-
rough a 585/42 nm band-pass filter. The FACSCalibur is capable
of distinguishing 1024 channels and both red and green fluore-
scence intensities of individual cells. Ten thousand sperm cell
events were recorded in the list mode with a flow rate of <
200 events/second and analyzed using Cell Quest Pro software.
The sperm population was gated on the basis of the log for-
ward (FSC) and side-scatter (SSC) properties of the sperm.

Flow cytometric analysis was conducted within 1 h. The
different labeling patterns in the Annexin V (AN)/PI analysis
were classified as follows: viable (AN—/PI—); viable but phos-
phatidyl serine (PS) translocated (AN+/PI—); nonviable and
PS translocated (AN+/PI+); and nonviable and late necrotic
sperm (AN —/PI+). We defined the ratio between AN+/PI—
sperm and total living (PI—) sperm as the PS translocation

index.

7. Statistical Analyses

Five replicates were conducted for each experiment. Percen-
tage data were subjected to arcsin transformation before analysis.
All data are presented as means + SE and were analyzed by
Duncan's multiple range test using Statistical Analysis System
ver. 8x software (SAS, Cary, NC, USA). P < 0.05 was consi-

dered statistically significant.

RESULTS

1. Effect of GTE in LEY Extender on Viability and Progressive Motility
of Boar Spermatozoa during Cooling

Sperm parameters according to GTE concentrations following
cooling are shown in Table 2. The viability and progressive
motility after cooling were not significantly different among

groups.

2. Effect of GTE in LEY Extender on the PS Translocation of Boar
Spermatozoa during Cooling

There were no statistically significant difference in the num-

ber of non-PS translocated live sperm and dead sperm among

groups (Table 3, Fig. 1).

DISCUSSION

To the best of our knowledge, the present study is the first
to examine the toxicity of GTE in boar sperm cooling before
applying GTE to freezing extender. We assessed sperm mo-

tility, viability and PS translocation following cooling of boar

Table 2. Effect of GTE in LEY extender on viability and progressive
motility of boar spermatozoa during cooling

GTE (mg/l) Viability (%) Motility (%)
C 75.9 + 5.4 258 + 3.0

1 72.0 + 6.0 272 + 3.6

10 75.6 + 4.5 344 + 2.9

100 773 + 5.8 333 + 1.6
1,000 798 + 3.7 377 + 1.4

GTE: Green tea extract, C: no GTE.
Values are expressed as means + SE.
Values are not significantly different (P>0.05).

Table 3. Effect of GTE in LEY extender on the PS translocation
of boar spermatozoa during cooling

GTE (mg/l) Apoptotic index
C 17.5 £ 6.6
1 18.1 £ 5.9
10 179 + 6.2
100 159 + 5.8
1,000 156 + 7.2

GTE: Green tea extract, C: no GTE.
Values are expressed as means = SE.
Values are not significantly different (P>0.05).



4 Sang-Hyoun Park and Il-Jeoung Yu

UR uL | UR |

LR LR

Fig. 1. Phosphatidylserine (PS) translocation of boar spermatozoa during cooling. Flow cytometry analysis of a sperm population sample.
(A) no treatment group (control), (B) 1 mg/l group, (C) 10 mg/l group, (D) 100 mg/l group, (E) 1,000 mg/l group. LL: viable sper-
matozoa with no signs of PS translocation. LR: viable spermatozoa showing PS translocation. UL: dead spermatozoa with no signs
of PS translocation. UR: dead spermatozoa showing PS translocation. Values are not significantly different (P>0.05).

spermatozoa in LEY extender supplemented with different
concentrations of GTE.

According to Malo ef al. (2011), sperm motility following
freezing and thawing increased as concentration of rosemary in
LEY extender increased. However, our study demonstrated that
GTE concentration in LEY extender was not related to sperm
motility during cooling. Contradictory reports exists regarding
the effect of antioxidant supplementation on sperm motility in
both liquid and freezing-thawed semen from various species,
including human (Askari et al, 1994; Maxwell and Stojanov,
1996; Aurich et al., 1997; Donnelly et al., 1999), the effect
being dependent of the antioxidant dose.

It is nowadays generally accepted that cooling induces the
formation of ROS, detrimental for subsequent sperm perfor-
mance (Watson, 2000). The process of peroxidation induces
structural alterations, a fast and irreversible loss of motility, a
deep change in metabolism and an increase in the rate of
release of intra-cellular components (Jones and Mann, 1977).
In this study, GTE in LEY extender did not affect motility of
spermatozoa during cooling. In other words, GTE with various
concentrations was not toxic to spermatozoa cooled before free-
zing. Moreover, the result of PS translocation, earliest indicator
of cell apoptosis demonstrated that GTE was not toxic to
spermatozoa. The sperm plasma membrane is one of the key
structures affected by cooling, with evaluation of sperm mem-
branes thus being of utmost importance when evaluating free-
zing protocols. The numerous functions of the membrane are
related to the cell metabolism for maintaining sperm motility,
capacitation, acrosome reaction and interactions between the
spermatozoa and the epithelium of the female genital tract and
sperm-egg interactions (Rodriguez-Martinez, 2003).

Boar sperm membrane is particularly sensible to oxidative

stress (Cerolini et al., 2000). Sperm spontaneously produce a
variety of ROS, including the superoxide anion, hydrogen per-
oxide and nitric oxide (Aitken et al., 2010). Produced in small
amounts, ROS are important in the regulation of normal cellular
functions. In sperm cells, they also play a key role in essential
events such as sperm capacitation, acrosome reaction, hyperac-
tivation and oocyte interaction (Agarwal and Allamaneni, 2004).
However, when ROS production exceeds the sperm's limited
antioxidant defenses, a state of oxidative stress is induced,
characterized by peroxidative damage to the sperm plasma
membrane, sperm chromatin and DNA strand breakage in the
sperm nucleus. Such oxidative stress not only disrupts the fer-
tilizing potential of human sperm, but also the ability of these
cells to create a normal healthy embryo (Aitken e al., 2010).
H,0, is considered the most toxic species (Griveauet al., 1995;
Aitken et al., 2010) because of its ability to cross membranes
freely and inhibit enzyme activities and cellular functions, thus
decreasing the antioxidant defenses of the sperm (Griveau et
al., 1995). Likewise, H,O, is known as the major ROS respon-
sible for oxidative damage in boar spermatozoa (Guthrie and
Welch, 2006).

Unfortunately, this did not attempt to determine the effect
of GTE in LEY extender on ROS including H,O, generated
during cooling. So, further study needed to examine the direct
effect of GTE on ROS. In addition, the effect of GTE supple-
mentation during cooling on freezing of boar spermatozoa
should be investigated.

In conclusion, non-toxicity of GTE in LEY extender during
boar sperm cooling was demonstrated by assessing sperm

function according to GTE concentrations in LEY extender.
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