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ABSTRACT:This study was carried out to monitor the fertilizing ability of rabbit
semen frozen in the presence of melatonin as antioxidant. Semen from 10 mature
Egyptian Baladi red bucks was pooled, extended with Tris-glucose-citric extender (1:1
v/v) supplemented by three concentrations of melatonin (10°, 10® and 102 M) in
addition to control, and finally cryopreserved at -196°C. After thawing, sperm Kinetics,
antioxidant capacity and fertility traits were evaluated. The results showed that total and
progressive motility percentages were higher significantly in samples cryopreserved by
melatonin (10 M) as compared to control group. Curvilinear and average path sperm
velocities were significantly higher in melatonin groups of 10° and 10 M than in the
control group. Supplementation of melatonin at 10° M and 10® M groups decreased (P
< 0.05) malondialdehyde activity when compared to the control one. In contrast, the
total antioxidant capacity and catalase activity were significantly (P < 0.05) elevated at
concentration of 10® M melatonin as compared to the control group. In addition,
transcript abundance of NFE2L2 and SOD1 genes increased in groups supplemented
with melatonin compared to the control group.

The fertility trial indicated that pregnancy rate, and the total and live born increased
significantly (P < 0.05) in rabbit does inseminated with semen of 10 M melatonin
group in compared to the control samples.

Conclusively, these results concluded that using melatonin with 10 M level in rabbit
freezing extenders could be recommended to improve semen quality and fertilizing
ability of buck sperm post-thawing.
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INTRODUCTION

Semen cryopreservation is known as
assisted reproductive technology and is
effectively used for prolonged storage
and reconstitution of valued animal
genetic resources. However, in vitro
manipulation, during freezing process
runs the risk of sperm exposure to supra-
physiological concentrations of reactive
oxygen species (ROS) that, in turn,
reduce their post-thaw viability in
different species (Kadirvel et al., 2009;
Kumaresan et al., 2009; Lucio et al.,
2016; Partyka et al., 2012; Sariozkan et
al., 2015; Viudes-De-Castro et al., 2014).
The detrimental effects of ROS on sperm
are mostly due to deformity, lipid
peroxidation, DNA  fragmentation,
acrosome damage, denaturation of the
enzymes and limit the ability to regulate
gene expression (Gil-Guzman et al.,
2001). In this context, the addition of
antioxidants to semen extenders is crucial
to prevent oxidative damage and
maximize fertilization capacity of
cryopreserved sperm (Berra and Rizzo,
2009).

Melatonin  (N- actey 1-5 methoxy
tryptamine) is secreted by the pineal
gland in the brain and has multiple
actions on different physiological and
neuroendocrine systems (Awad et al.,
2006). Some studies have demonstrated
that melatonin has protective effects as an
antioxidant because of its high efficacy as
a hydroxyl radical (OHe) scavenger (El-
Sokkary et al., 2003). Furthermore,
melatonin has the ability to detoxify
different kinds of ROS and hydrogen
peroxide (Tan et al., 2002). Addition of
melatonin to semen freezing extenders
has shown potential antioxidant effects on
sperm and improvement in sperm motility
after thawing in ram (Ashrafi et al., 2011,
Succu et al., 2011), boar (Jang et al.,
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2010), equine (Lanconi et al., 2018), bull
(Ashrafi et al., 2013), mouse (Chen et al.,
2016) and human (Karimfar et al., 2015).
However, further studies and Dbetter
knowledge are necessary about the effects
of melatonin on semen cryopreservation
at cellular and molecular levels,
particularly in rabbit species.
Therefore, the present study aims at
investigating the effect of melatonin
supplementation at different levels to the
rabbit semen freezing extender on post-
thaw sperm  motility, antioxidant
biomarkers and stress-response-related
genes. In addition, a fertility trial was
performed to evaluate the fertilizing
ability of frozen semen with melatonin
concentrations after thawing.
MATERIALS AND METHODS
Animals and ethical statement
Semen samples from 10 rabbit males
belonging to Egyptian Baladi red
breed (Khalil, 2002) were used in this
experiment. All bucks were the same age
(6 months) with average 3.5 kg body
weight at the onset of the present study.
All rabbits were housed in a semi-closed
housing system, (Faculty of Agriculture,
Cairo University, Egypt) during the
study.
The males were maintained in the
standard environmental status. They were
exposed to light cycle of 16L/8D hours
and they were provided with the
commercial diet. The composition of the
pellets was as following; 18.4% CP, 3.1%
ether extract, 12.7% crude fibre and 2.600
kcal DE/kg according to (NRC, 1977)
and water was available with free access.
The experimental procedures were
approved by the Institutional Animal
Care and Use Committee at Cairo
University Egypt (CU-1I-F-14-19)
ICUAC).
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Semen Collection and Processing
Ejaculates were collected from the bucks
twice/ week for consecutive 6 weeks with
using rabbit’s artificial vagina. The semen
samples were immediately transferred to
the lab and submerged in a water bath
(38.5 °C), wuntil semen evaluation.
Ejaculates only above 70% of the
progressive motility were pooled.

Pooled sample was divided equally into
four experimental groups and extended
(1:1 v/v) by rabbit semen extender
supplemented with three levels of
melatonin (10 M, 10° M and 10° M) or
control (without melatonin). The semen
diluent was composed from 250 mM tris-
hydroxymethyl- aminomethane, 83 mM
citric acid and 50 mM glucose;
supplemented with 3 M dimethyl
sulfoxide (Me2SO) and 0.1 M sucrose as
cry-protectants.

Extended semen of all groups was packed
in French straws 0.25 ml (IMV
Technologies, France) and cooled at 5 °C
for 2 h. Cooled straws were suspended
horizontally 5 c¢cm over liquid nitrogen
vapor for 15 min before being directly
plunged into liquid nitrogen. Thawing
was carried out by immersing the straws
in a water bath at 45°C for 15 seconds.
After thawing, sperm motility parameters

and antioxidant biomarkers
(malondialdehyde levels, MDA; total
antioxidant capacity, TAC; catalase

enzyme activity, CAT) were assayed for
all treatment groups. In addition, the
expression of mMRNA stress-response-
related genes (nuclear factor erythroid 2-
like 2, NFE2L2; superoxide dismutase 1,
SOD1) was analyzed in sperm for all
treatment groups using the quantitative
real-time PCR technique. Furthermore, a
fertility trial was performed with thawed
semen from each treatment group as
mentioned below.
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Sperm motility

An aliquot from each treatment group (10
ul) was diluted 1:20 in Tris—citrate—
glucose extender and 10 pl of the diluted
sample was placed on a slide at 37°C for
sperm motility analysis using a Computer
Assisted Sperm Analysis (CASA; Sperm
Vision™ software minitube Hauptstralle
41. 84184 Tiefenbach, Germany). Ten
microscopic fields were captured for each
sample (2000 sperm). The motion
characterization was recorded including
distance curved line (DCL, pum), distance
average path (DAP, um), distance straight
line (DSL, pm), velocity curved line
(VCL, um/sec), velocity average path
(VAP, pm/sec), velocity straight line

(VSL, pum/sec), linearity
(LIN=VSL/VCL), straightness
(STR=VSL/VAP), wobble

(WOB=VAP/VCL), beat cross frequency
(BCF, H;) and amplitude of lateral head
displacement (ALH, um).

Antioxidant biomarkers assay

Eight straws from each treatment group
were thawed and diluted with 1 ml of
PBS buffer in 2-ml-eppendorf tubes.
Samples were centrifuged at 1030 xg for
10 min at 4°C. The precipitates were
washed 3 times with PBS and collected
by centrifugation at 1030 xg for 10 min.
After the third centrifugation, the sperm
pellets were re-suspended with 1 ml of
deionized water, and then were snap-
frozen and stored at —80 °C until further
biochemical analysis (Roca et al., 2005).
The samples were thawed, shook up, and
centrifuged at 1030 xg for 15 min at 4°C.
The supernatant was collected to
determine the levels of MDA, TAC, and
CAT activity, using colorimetric assay
kits (MD-2529, TA-2513, CA-2517,
respectively; Bio-Diagnostic, Inc.,
Egypt). The standard curves accuracy and
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sensitivity of the assay were performed
following the kits’ protocol, and the
calculations were adjusted per mg protein
for each assay. The total protein (TP)
content was detected in the supernatant
by the BCA protein assay kit (TP-2020;
Bio-Diagnostic, Inc., Egypt) according to
the manufacturer’s protocol. The data
were obtained for all analyses by using an
automatic scanning spectrophotometer
(CE1010, Cecil Instruments Limited,
Cambridge, United Kingdom).
Quantitative real-time PCR analysis
Three replicates from the control and
each melatonin group were used for RNA
extraction using Direct-zol™ RNA
MiniPrep  (Zymo Research, U.S.A)
according to manufacturer's instruction.
The RNA quality and quantity were
assessed using NanoDrop 2000c (Thermo
Fisher Scientific Inc., USA). RNA was
eluted in 11 pl of elution buffer, and was
reverse transcribed using 1 mM oligo
(dT) primers and Rever-AidcDNA
synthesis kit (Thermo Fisher Scientific,
Heidelberg, Germany) as per
manufacturer’s recommendations.
Sequence-specific primers for the real-
time PCR were designed using the
Primer-blast web interface
(http://www.ncbi.nlm.nih.gov/tools/prime
r-blast/index.cqi) and each pair of primers
was tested to achieve efficiencies close to
1 (Table 1). qRT-PCR analysis for two
selected stress-related genes NFE2L2 and
SOD1, and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) as a
housekeeping gene was performed in 20
pl reaction volume containing Maxima
SYBR Green gPCR Master Mixes with
ROX  (Thermo  Fisher  Scientific,
Heidelberg, Germany), the cDNA
samples and the specific forward and
reverse primers in Mx3000P™real time
PCR system (Strata-gene).

446

The thermal cycling parameter was set to
95°C for 3 min, 40 cycles at 95°C for 15 s
and 60°C for 1 min. After the end of the
last cycle, melting curve was generated
by starting the fluorescence acquisition at
60°C and taking measurements every 7s
interval until the temperature reached
95°C. The comparative cycle threshold
(CT) method was used to quantify fold
changes (2= #2¢T) in the relative gene
expression of the target as described in a
previous study (Livak and Schmittgen,
2001).

Fertility trial

A total of 20 multiparous New Zealand
(NZW) rabbit does at 7-8 months of age
(5 does for each treatment group) were
selected for a fertility trial based on their
reproductive status. (does with at least
two successful and consecutive parities),
and their receptivity at the time of
insemination (does with red color of the
vulvar lips). Each receptive doe was
inseminated with pooled semen obtained
from 2 straws after thawing, and
immediately after insemination, was
given an intramuscular injection of GnRH
(0.8 pg of Buserelin acetate, Receptal,
Egypt) for  ovulation induction.
Pregnancy diagnosis was checked by
abdominal palpation at the 10" day post
insemination. The parturition data for
each treatment group were recorded
including the gestation period, the total
born number, and the live born number
and weight.

Statistical Analysis

Data were statistically analyzed according
to Snedecor and Cochran (1982) using
SAS software (SAS Institute Inc., 2011).
One-way ANOVA was used to determine
the effect of melatonin levels (Control,
10° M, 10% M and 102 M) on CASA
parameters, antioxidant biomarkers and
mRNA relative expressions, as well as,
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on the gestation period, the total born
number, and the live born number and
weight as the following fixed model:
Yijk=p + Ti + eijk
Where: Yik = The observation; p
Overall mean; Ti = Effect of treatments(
i= 1,...4); eix= Random error component
assumed to be normally distributed.
The pregnancy rate was analyzed using
Chi-square test.
Duncan’s multiple range tests was
performed (Duncan, 1955) to detect
significant differences among means.
RESULTS
Sperm motility
As shown in Table 2, the total and
progressive motility of frozen/thawed
sperm increased significantly (P < 0.05)
at 10° M melatonin concentration when
compared to the control group. Sperm
velocity curved line (VCL) and velocity
average path (VAP) traits were higher
significantly (P< 0.05) in melatonin
groups of 10° and 10® M than in the
control group. The post-thaw sperm,
velocity straight line (VSL) improved
was significantly (P < 0.05) by the
addition of 10° M melatonin to the
freezing extender compared to the
control. In contrast, the sperm STR and
LIN were lower significantly (P < 0.05)
in melatonin groups of 10° and 10° M
than in the control group. On the other
hand, the high concentration of melatonin
up to 10° M induced similar values or
caused to decrease significant (P < 0.05)
in most motility parameters as compared
to the control group.
Antioxidant biomarkers analysis
The effect of melatonin on the levels of
MDA and TAC, as well as, CAT activity
in frozen-thawed semen is shown in
Table 3. Melatonin supplementation to
freezing extenders at 10° M and 10° M
decreased significantly (P < 0.05) MDA
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by 48.8 and 51.1%, respectively, when
compared to the control.

In contrast, the concentration of 10° M
melatonin  significantly (P < 0.05)
elevated TAC by 2.2-fold compared to
the control group. Furthermore, CAT
activity in sperm supplemented with 10
M and 10°® M melatonin was significantly
(P<0.05) increased by 30.7 and 38.4%
when compared to the control group,
respectively.

Quantitative real-time PCR analysis
The mMRNA relative expression of
NFE2L2 and SOD1 genes in control and
melatonin groups are illustrated in Figure
1. An increase in NFE2L2 relative
expression was found in sperm groups
treated with 10® M and 102 M of
melatonin (148 and 10.3-fold,
respectively) as compared to the control
group. Also, sperms supplemented with
melatonin  showed a high relative
expression of SOD1 gene (2.0-3.8 fold)
when compared to the control group.
However, These differences were not
statistically significant.

Fertility traits

The fertility traits after insemination with
frozen semen supplemented with different
levels of melatonin are shown in Table 4.
It was observed that the pregnancy rate
tended to increase by supplementation of
melatonin to frozen semen at 10° M
(95%) when compared to both 10° M and
control groups (80 %), while it tended to
dramatically (P < 0.05) decrease at higher
levels of melatonin up to 10° M
melatonin (60%). Furthermore, total born
and live born traits were higher
significantly (P < 0.05) in rabbit does
inseminated with frozen semen of 10° M
and 10® M groups than 10° M and
control groups. In contrast, a significant
(P < 0.05) decrease was observed in the
average weight of live born per doe in the
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10° M and 10® M treatment groups as
compared to the 102 M and control
groups(Table 4).

DISCUSSION
It is well known that semen freezing is an
essential technique for routine artificial
insemination and genetic  preservation
programs in rabbit species (Mocé and
Vicente, 2009; Viudes-De-Castro et al.,
2014). Among the limiting factors that affect
the fertility of frozen semen after thawing are
the excessive production of ROS and free
radicals in freezing extenders during the
cryopreservation process (Benson et al.,
2012). Recently, melatonin has been used as
an antioxidant to minimize the negative
effects of oxidative stress on mammalian
sperm characteristics and functions (Ashrafi
et al., 2013; Casao et al., 2010). In the current
research, the rabbit was used as a particular
animal model to study the capability of
melatonin  supplementation to freezing
extenders to maintain sperm fertility after
thawing, focusing on sperm motility,
antioxidant biomarkers, and stress-response-
related genes.
The results indicate a positive effect of
melatonin at moderate levels (10° and 10°
M) on fertility traits of rabbits. The increased
fertility and prolificacy of spermatozoa could
be attributed to the improvement of sperm
motility (Farrell et al., 1998). It was noticed
from CASA analysis that the addition of
melatonin at 10® M and 10° M to the
freezing extender increased the progressive
motility, curvilinear and path velocity, ALH,
and BCF parameters of rabbit sperm. These
results are in agreement with previous works
in ram (Succu et al., 2011), in bovine
(Ashrafi et al., 2013) and in mouse (Chen et
al., 2016). In contrast, the straightness and
linearity of sperm in melatonin groups were
lower compared to the control group, in the
present study. A previous work (Viudes-De-
Castro et al., 2005), also demonstrated that
some sperm parameters like LIN % did not
change in the same manner of other motility
parameters during rabbit semen freezing.

448

On the contrary, others claimed that
melatonin didn’t improve sperm motility
parameters (Balao da Silva et al., 2011; Kaya
et al., 2001). These controversial results
indicate that melatonin effect may differ
based on many factors such as species,
melatonin concentration, extender
components, and the cryopreservation
protocol itself (Chen et al., 2016; Viudes-De-
Castro et al., 2014).

Indeed, the potent antioxidant capacity of
melatonin is well established because it acts
through several mechanisms (Reiter et al.,
2009). sperm membranes contain high
amount of polyunsaturated fatty acids
(PUFA) (Apel-Paz et al., 2003), and the
endogenous antioxidant defense systems
within the spermatozoa decrease by the
process of dilution and cryopreservation
(Alvarez and Storey, 1992; Bilodeau et al.,
2000). These factors make sperm very
sensitive and vulnerable to the attack of free
radicals and initiation of LPO cascades
(Bansal and Bilaspuri, 2011). In addition,
over-production of ROS and free radicals
induced during freeze-thawed semen process
has harmful effects on sperm quality (Maia et
al.,, 2010; Zhao et al., 2015). MDA, an
oxidizing agent, was measured to determine
the oxidative stress and LPO in various cell
types (Urso and Clarkson, 2003). In our
experimental model, melatonin
supplementation to semen samples at a
concentration of 10° M and 10° M reduced
MDA level and stimulate the activity of CAT
in sperm cells after freeze-thawing. This
result is in agreement with Franco and
Markus, (2014) who showed the ability of
melatonin to enhance the activity of CAT and
reduced MDA concentration and clarify the
ability of melatonin molecule to protect CAT
and MDA from the ROS. Furthermore,
melatonin has also been confirmed to
modulate the activities of enzymes that
stimulate the total antioxidative defense
capacity (Bharti et al., 2011). Even though
both concentration of melatonin, 10°M and
10°M, were able to stimulate the activity of
CAT and reduce MDA level, only one



Melatonin concentrations-sperm motility-fertility traits; bucks & does-rabbits

concentration, 10°M, was able to increase
TAC level (Table 3). The current result could
be due to the higher concentration of
melatonin that acts as a better direct
scavenger of free radicals (Reiter et al.,
2003), and as stimulator of enzymes involved
in the antioxidant defense (Ashrafi et al.,
2013). However, the high level of melatonin
(10 M) had no effect on antioxidant
biomarkers, compared to the control. It could
be due to the negative effects of the
pharmacological dose of melatonin on sperm
(Succu et al., 2011).

The present study also investigated if there
are  further  effects for  melatonin
supplementation to semen extender on the
expression  of  oxidative-stress-response-
related genes NFE2L2 and SODL1. Our results
demonstrate that melatonin increased the
levels of mMRNA for NFE2L2 and SOD1 in
rabbit sperm. This result is in accordance
with our previously published data in rabbit
embryos (Mehaisen et al., 2015). It was
reported before that NFE2L2 plays as an
oxidative stress regulator through switching
the endogenous antioxidant target genes like
SOD1 (Kensler et al., 2007; Nakabeppu et al.,
2007). As compared to the control, an
elevation in NFE2L2 and SOD1 expressions
was observed when melatonin added to
semen extenders at 10® and 103 M
concentrations. However, motility,
antioxidant ~ biomarkers and  fertility
measurements seem to be consistent with
molecular results at only 10°® M
concentration, but not at the higher
concentration of melatonin at 10° M. The
abundance of melatonin (10 M) in semen
extenders could trigger the expression of
NFE2L2 and SOD1 genes in sperm under the
exposure to oxidative stress  during
cryopreservation (Gad et al., 2012). While the
absence or adverse effect of 10* M melatonin
on motility and other parameters could be due
to depletion of all ROS, including those
essential for the sperm cell physiology (Cruz
et al., 2014). Other studies indicated that
protective  effects of melatonin on
cryopreservation injuries occurs in a dose-
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dependent manner (Ashrafi et al., 2013;
Succu et al., 2011). Moreover, extreme doses
of antioxidants in the freezing medium can
impede the normal ROS-associated functions
of spermatozoa (Roca et al., 2004).
CONCLUSIONS
The fertilizing ability of frozen rabbit semen
could be improved at the level of motion
characteristics (sperm motility and velocities)
when samples were supplemented with 10
M melatonin. The antioxidant capacity of
melatonin overcomes free radicals formed
during freezing process by increasing TAC
and CAT, and reducing MDA activity.
Therefore, the addition of melatonin to semen
freezing extenders could be recommended as
an efficient application in artificial
insemination and in vitro fertilization with
cryopreserved rabbit sperm.
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Table (1): Details of primers used for real-time PCR quantitative analysis.

Gene Gene full Gen bank accession Primer sequences Annealing Product size
symbol name number temperature (bp)
°C)
NFE2L2 Nuclear Factor XM_002712305 F:tgaaatcctcccaattcag 55 228
Erythroid 2-Like 2
R:gtgaagactgggctctcgac
SOD1 Superoxide Dismutase | NM_001082627 F:cacttcgagcagaagggaac 54 184
1
R:cgtgcctctcttcatcctte
GAPDH Glyceraldehyde-3- NM_001082253 F:aggtcatccacgaccacttc 57 202
Phosphate
Dehydrogenase
R:gtgagtttcccgttcagctc

F:Forward,

R: Reverse XM and NM: Gen bank accession number
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Table (2):Sperm motility traits (LSM + SE) of frozen rabbit semen supplemented with different levels of melatonin.

Parameters Experimental groups (different levels of melatonin, M) Sig.
Control 10° M 10° M 10° M test
Total motility (%) 66.1+1.1° 67.8+09° 755+1.1° 616+10° 0.0001
Progressive motility (%) 419+11°¢ 46.6+0.8° 528+1.1°% 38.2+09¢ 0.0001
VAP (um/s) 448+1.1° 50.7+0.8°2 488+1.02 447+09" 0.0001
VCL (um/s) 824+25¢ 101.4+19° 90.8+24° 88.6+22° 0.0001
VSL (um/s) 325+0.6" 34.7+05° 33.9+0.6% 322+05°¢ 0.0033
STR (%) 722+0.0° 68.1+0.0° 68.9+0.0° 71.5+0.0° 0.0001
LIN (%) 39.3+0.02 33.8+00° 36.9+0.0° 39.8+£0.0° 0.0001
WOB (VAP/VCL) 0.542+0.02 0.495+0.0° 0.535+0.02 0.551+0.0% 0.0001
ALH (um) 5.1+0.1° 55+0.12 56+0.12 52+0.1° 0.0004
BCF (Hz) 18.1+0.3"% 20.1+0.2°2 18.8+0.3° 17.9+02° 0.0001

TGy

abed Means having different superscripts within the same row differ significantly (P<0.05)

DCL.: Distance Curved Line (um); DAP: Distance Average Path (um); DSL: Distance Straight Line (um); VCL: Velocity Curved Line (um/s);
VAP: Average path velocity (um/s); VSL: Velocity Straight Line (um/s); LIN: Linearity (VSL/VCL); STR: Straightness (VSL/VAP); WOB:
Wobble

Table (3): Antioxidant biomarkers (mean * SE) of post freezing rabbit spermatozoa as affected by different levels of melatonin.

Parameters Experimental groups (different levels of melatonin, M) Sig.
Control 10° M 10° M 10° M test
MDA (nM/mg protein) 0.45+0.074% 0.23+0.020° 0.22 +0.009 ° 0.40 £0.050 2 0.002
TAC (uM/mg protein) 0.05+0.008 ° 0.04 £0.003° 0.11+£0.015% 0.05 +0.005° 0.0001
CAT (U/mg protein) 0.13+0.018° 0.17 £0.003 2 0.18+0.012% 0.12+0.013° 0.005

ab Means having different superscripts within the same row differ significantly (P<0.05)
MDA-= Lipid peroxidation; CAT= Catalase; TAC= Total antioxidant capacity
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Table (4): Fertility traits (LSM + SE) of frozen rabbit semen supplemented with different levels of melatonin.

Experimental groups (different levels of melatonin, M) Sig.
-6 -3

Parameters Control 10°M 10°M 10°M test
No. inseminated does 5 5 5 5 ERRR Y
Pregnancy rate' 0.80 +0.092% 0.80 +0.092% 0.95 +0.0502 0.60+0.112° | ?s¢
Total born® 3.8+0.38° 7.8+0.352 8.3+0.682 4.0 +0.65° 29¢
Live born® 2.8+0.21° 7.7+0.382 6.6 +0.61° 3.7+051° 29¢
Live born weight* (g) 64.2+1.79°2 52.7+0.87° 48.1+1.80° 62.8 +2.602 29¢

ab Means having different superscripts within the same row differ significantly (P<0.05)
! Pregnancy rate = No. positive palpations/ no. inseminations (%)

% Calculated as average number per doe

4 Calculated as average weight of live born per doe
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15 - : H Control
12 - m10-9M
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o
[F8
] | o “1
0 i
NFE2L2 SOD1
Stress-response-related genes

Figure (1): Expression of some oxidative-stress-response related genes (NFE2L2 and
SOD1) in frozen rabbit sperm diluted with (1:1 v/v) semen extender supplemented with
different levels of melatonin (10°M, 10°°M and 103M) or without melatonin as control.
Bars express the least squared means (LSM) * standard error (SE) (n = 3). No
significant differences were observed among groups at P < 0.05.
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