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Protective effects of the antioxidants curcumin,
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acrosome integrity in freeze-thawed Merino ram sperm
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ABSTRACT: The aim of this study was to determine the effects of curcumin, ellagic acid and methionine on
sperm parameters following the freeze-thawing of Merino ram semen. Ejaculates were collected via an artificial
vagina from four Merino rams, evaluated microscopically and pooled at 37 °C. The pooled semen samples were
diluted in a Tris-based extender and separated into groups containing curcumin (1, 2, 4mM), ellagic acid (1, 2,
4mM), methionine (1, 2, 4mM) and no antioxidant (control). The diluted semen was cooled to 5 °C slowly and
equilibrated for 3 h. After the equilibration, the samples were frozen in liquid nitrogen vapour, and plunged into
liquid nitrogen (-196 °C) for storage. Frozen straws were thawed at 37 °C for 30 s in a water bath for microscopic
sperm evaluation, individually. All antioxidants led to a higher percentage of sperm motility in comparison to
the control group. The freezing extender supplemented with methionine (1mM), curcumin (1 and 2mM) and
ellagic acid (1 and 2mM) led to higher percentage of sperm plasma membrane integrity when compared to other
groups (P < 0.05). Antioxidant supplementation also resulted in a higher percentage of sperm acrosome integrity
in comparison to the control. Methionine, curcumin and ellagic acid (ImM: 27.7 + 2.4, 28.0 + 2.1 and 26.8 + 2.0)
groups provided higher protection in terms of sperm mitochondrial activity when compared to other groups (P <
0.05). The findings of this study show that varying concentrations of curcumin, methionine and ellagic acid have
markedly different effects on the spermatological variables under study.
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Cervical artificial insemination with frozen se-
men is restricted by low fertility rates as a result
of structural and functional damage to sperm dur-
ing the freeze-thaw process (Salamon and Maxwell

amounts, ROS are needed for regulation of sperm
function, sperm capacitation and acrosome reac-
tion. Nevertheless, ROS are toxic to normal cells at
high concentrations (Moein et al. 2007). The addi-

2000). The production of reactive oxygen species
(ROS) resulting from the process of cryopreserva-
tion and lowering in antioxidant enzyme activities
in semen after freezing may contribute to the bio-
chemical and functional damage of cryopreserved
sperm (Maia et al. 2010). Reactive oxygen species
(ROS) are produced by spermatozoa in the male re-
productive tract (Alvarez et al. 1987). Under physi-
ological circumstances, spermatozoa produce small
amounts of ROS (Gomez et al. 1998). In minimal

tion of various antioxidants to ram semen diluents
improves the motility, acrosomal integrity, viability
and fertilisation ability of the sperm (Ollero et al.
1996).

Curcumin is a natural antioxidant, and has ef-
ficiency as an anti-apoptotic, cryoprotective,
anti-oxidative, anti-inflammatory, anti-toxic and
anti-cancer agent (Surh et al. 2001; Mathuria and
Verma 2008; Glombik et al. 2014; Rashid and Sil
2015). Further, many studies in the literature have
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concluded that curcumin has potential in the pre-
vention and treatment of a variety of diseases.

Methionine can act as a precursor amino acid for
glutathione. It protects cells from oxidative damage
and has a vital role in detoxification (Reed 1990).
Methionine also plays an important role in the an-
tioxidant defence system by readily reacting with
oxidants to form methionine sulfoxide (Livine et
al. 1999).

Ellagic acid has potent antioxidant activity, radi-
cal scavenging capacity, as well as chemo-preven-
tive and anti-apoptotic characteristics (Turk et al.
2008; Ceribasi et al. 2010). It contains four hydroxyl
groups and two lactone groups, and protects cells
from oxidative damage (Pari and Sivasankari 2008).

Curcumin and methionine are used as antioxi-
dants in semen extenders (Bucak et al. 2010; Coyan
et al. 2010; Bucak et al. 2012).

This research was conducted to determine the
effect of supplementation of the freezing extender
with the antioxidants curcumin, methionine and el-
lagic acid on sperm motility and fluorescent stain-
ing parameters in post-thawed Merino ram semen.

MATERIAL AND METHODS

Chemicals. The antioxidants (curcumin, ellagic
acid and methionine) and other chemicals used in
this study were all obtained from Sigma-Aldrich
(St. Louis, MO, USA).

Animals and semen collection. Semen samples
from four mature Merino rams (four years of age)
were used in this study. The rams, belonging to the
Selcuk University Research and Experimental Farm,
were maintained under uniform optimal nutritional
conditions. Ejaculates were collected twice a week
from the rams, via an artificial vagina, during the
natural breeding season (for four weeks). Eight ex-
perimental replicates were run. After collection, the
ejaculates were incubated in a water bath at 33 °C,
until microscopic sperm quality assessments were
performed in the laboratory. All semen analyses
were performed within approximately 20 min of
semen collection.

Semen freezing and thawing. The volume of the
ejaculates was gauged in a conical tube, graduated
at 0.1 ml intervals, and the ejaculate concentration
was determined by way of a haemocytometer (Smith
and Mayer 1955). Sperm motility was estimated with
phase-contrast microscopy (magnification x 100)

at 37 °C. Ejaculates between 1 and 2 ml in volume,
containing sperm with > 80% progressive motil-
ity and an ejaculate concentration of higher than
2.5 x 10° sperm/ml were pooled. Sperm balance
for each male was performed and individual ram
differences were eliminated by semen pooling. In
total, six pooled ejaculates were included in the
study. A Tris-based extender (Tris 297.58mM,
citric acid 96.32mM, fructose 82.66mM, egg yolk
15% (v/v), glycerol 6% (v/v), penicillin 500 IU/ml,
streptomycin 500 IU/ml, pH 6.8) was used as the
base extender (cryopreservation diluent). The os-
molarity of the extender was 300 mOsmol. Each
pooled ejaculate was split into 10 equal aliquots and
diluted at 37 °C with base extender containing cur-
cumin (1, 2, 4mM), methionine (1, 2, 4mM), ellagic
acid (1, 2, 4mM) or no antioxidant (control), re-
spectively. Each aliquot was diluted to a final semen
concentration of approximately 4 x 10® sperm/ml
(single step dilution), in 15-ml polypropylene
centrifuge tubes. The diluted semen samples were
aspirated into 0.25 ml French straws, sealed with
polyvinyl alcohol powder and equilibrated at 5 °C
for 3 h. After equilibration, the straws were frozen
in liquid nitrogen vapour (4 cm above the liquid
nitrogen) for 15 min and then plunged into liquid
nitrogen for storage. After storage for one month,
the frozen straws were thawed individually (37 °C
for 25 s) in a water bath for microscopic semen
evaluation.

Semen evaluation. Subjective motility was as-
sessed using a phase-contrast microscope (mag-
nification x 100), with a warm stage maintained
at 37 °C. A wet mount was made using a 5 ul drop
of semen placed directly on a microscope slide
and covered by a cover slip. Sperm motility esti-
mations were performed in three different micro-
scopic fields for each semen sample. The mean of
the three successive estimations was recorded as
the final motility score.

Assessment of the integrity of sperm plasma
membrane was performed by staining with the
Sperm Viability Kit (SYBR-14/PI Molecular
Probe: L 7011 Invitrogen). This staining protocol
was modified from Garner and Johnson (1995).
A working solution of SYBR-14 was diluted 1:10
with DMSO (Appli-chem A3006), then divided
into equal aliquots (30 pl) after filtering through
a 0.22 pm Millipore Millex GV filter, and stored
at —20 °C. Propidium iodide (PI) was dissolved
in distilled water at 2 mg/ml, divided into equal
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aliquots (30 pl) after filtering through a 0.22 um
Millipore Millex GV filter, and stored at —20 °C.
The thawed straw was diluted 1 : 3 with Tris stock
solution without glycerol and egg yolk, and then
30 pl of diluted semen was mixed with 6 pl of SYBR-
14 and 2.5 pl of PI. The sample was gently mixed,
incubated at 37 °C in the dark for 20 min, and then
10 pl of Hancock solution was added to stop sperm
movement. A wet mount was made using a 2.5 pl
drop of sample placed directly on a microscope
slide and covered by a cover slip. At least 200 sper-
matozoa were examined at 400 X magnification
under a fluorescence microscope (Leica DM 3000
Microsystems GmbH, Ernst-Leitz-Strase, Wetzlar,
Germany; excitation at 450-490 nm, emission at
520 nm) to assess the sperm membrane integrity.
Sperm displaying green—red or red colourisation
were considered as having damaged membranes,
while green colourisation was considered as indi-
cating an intact membrane.

Sperm acrosome status was assessed using fluo-
rescein isothiocyanate conjugated to Arachis hy-
pogaea (peanut) (L7381 FITC-PNA, Invitrogen)
and PI staining as described by Nagy et al. (2003).
About 120 pg of FITC-PNA was added to 1 ml of
PBS (15630056, Invitrogen) to make staining solu-
tion, and then divided into equal aliquots (100 pl)
after filtering and stored at —20 °C. The thawed
straw was diluted 1 : 3 with Tris stock solution
without glycerol and egg yolk, and then 60 pul of
diluted semen were mixed with 10 pl of FITC-PNA
and 2.5 pl of PI. The sample was gently mixed, in-
cubated at 37 °C in the dark for 20 min, and then
10 pl of Hancock solution were added to stop sperm
movement. A wet mount was made using a 2.5 pl
drop of sample placed directly on a microscope
slide and covered by a cover slip. At least 200 sperm
cells were examined at 400 x magnification under
a fluorescence microscope (Leica DM 3000; excita-
tion at 450-490 nm, emission at 520 nm) to assess
the sperm acrosome integrity. Spermatozoa dis-
playing bright green or patchy green fluorescence
were considered as acrosome non-intact or dam-
aged, whereas cells that did not stain green in the
acrosome cap were regarded as acrosome-intact.

Sperm mitochondrial activity was assessed us-
ing a staining protocol with JC-1/PI modified from
Garner et al. (1997). A stock solution of 5,5',6,6'-tet-
rachloro-1,1}3,3" tetraethyl-benzimidazolyl-carbo-
cyanine iodide (T3168 JC-1, Invitrogen, 1.53mM)
was prepared in DMSO solution and then divided
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into equal aliquots (100 pl) after filtering, and
stored at —20 °C. The thawed straw was diluted
1:3 with Tris stock solution without glycerol and
egg yolk, and then 300 pl of diluted semen were
mixed with 2.5 pl of JC-1 and 2.5 pl of PI. The
sample was gently mixed, incubated at 37 °C in
the dark for 20 min, and then 10 pl of Hancock
solution was added to stop sperm movement. A
wet mount was made using a 2.5 pl drop of sample
placed directly on a microscope slide and covered
by a cover slip. At least 200 sperm cells were ex-
amined at 400 x magnification under a fluores-
cence microscope (Leica DM 3000; excitation at
450-490 nm, emission at 520 nm) to assess the
activity. A high level of yellow/orange fluorescence
associated with the sperm mid-piece (where mito-
chondria are located) indicated high mitochondrial
activity. Mitochondria showing low mitochondrial
activity were stained green.

Statistical analysis. The study was repeated eight
times. The results were expressed as mean + SEM.
Means were analysed using a one-way analysis of
variance, followed by Duncan’s post hoc test to de-
termine significant differences in all parameters
among all groups using the SPSS/PC computer pro-
gram (version 12.0; SPSS, Chicago, IL). Differences
with values of P < 0.05 were considered as statisti-
cally significant.

RESULTS

Merino ram sperm parameters following the
freeze-thaw are set out in Table 1. All groups sup-
plemented with antioxidants exhibited a higher
percentage of sperm motility in comparison to the
control group. The freezing extender supplemented
with methionine (ImM), curcumin (1 and 2mM)
and ellagic acid (1 and 2mM) resulted in a higher
percentage of sperm plasma membrane integrity
when compared to the other groups (P < 0.05).
Groups supplemented with antioxidants exhibited
a higher percentage of sperm acrosome integrity in
comparison to the control. Methionine, curcumin
and ellagic acid (ImM: 27.7 + 2.4, 28.0 + 2.1 and
26.8 + 2.0) groups provided higher protection in
terms of sperm mitochondrial activity when com-
pared to other groups (P < 0.05). Thus, the findings
of this study show that different antioxidants (cur-
cumin, methionine and ellagic acid) have protective
effects on ram sperm variables.
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lar tissue of rats. Ellagic acid (2 mg/kg) also exerted
a protective effect in this scenario (Ceribasi et al.
2010). Further, some studies report the beneficial
effects of curcumin (2.5mM) on post-thawed goat
semen (Bucak et al. 2010). Methionine has also
given positive results in the liquid storage of ram
(1ImM ) and buck (2.5 and 5mM) semen, in terms
of semen quality (Coyan et al. 2010; Tuncer et al.
2010). Curcumin, especially, readily penetrates
into the cytoplasm and is able to accumulate in
membranous structures such as plasma membrane
(Jaruga et al. 1998). Because of this characteris-
tic, curcumin can protect the plasma membrane
against lipid peroxidation.

In contrast to these results, incubation of sperm
with curcumin caused a concentration-dependent
(especially at > 250mM concentrations) decrease
in sperm forward motility, capacitation/acrosome
reaction, and murine fertilisation in vitro (Naz
2011). It is likely that these toxic effects were due
to overdosing of curcumin.

The effect of these antioxidants constitutes indi-
rect evidence that ram sperm is subject to oxidative
stress. This theory was confirmed in studies that
detected the occurrence of lipid peroxidation in
fresh and frozen ram semen as well as changes in
the concentrations of antioxidant enzymes present
in seminal plasma, according to the quality of the
semen or after a cycle of freeze-thawing (Peris et
al. 2007). In the current study, physical damage was
observed due to cell volume changes associated
with freezing and thawing in the control group,
while detrimental effects, especially at the 2 and
4mM concentrations of all antioxidant groups,
were observed with respect to mitochondrial ac-
tivity. We determined that membrane integrity
was preserved by ImM methionine (64.2 + 2.3),
1 and 2mM curcumin (60.1 + 2.4 and 61.6 + 1.1),
and 1 and 2mM ellagic acid (63.0 + 1.7 and 61.6 +
3.7) when compared to the control and other anti-
oxidant groups. All antioxidant groups exhibited
positive effects in terms of acrosomal status and
motility in comparison to the control. Curcumin
at 0.5mM exerted protective effects with respect
to functional integrity of the membrane (54.40 +
2.09%), in comparison to the control (37.20+ 1.77%,
P <0.001) in experiments of freeze-thawed bovine
semen (Bucak et al. 2012). These observations are
consistent with the present findings.

In conclusion, varying concentrations of curcum-
in, methionine and ellagic acid exhibited markedly
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different efficiencies in safeguarding spermatologi-
cal parameters in the current study.
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