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Effect of supplementing ram semen extender with melatonin
on oxidative stress indices and physical properties of chilled
spermatozoa

The current study aimed to evaluate the efficiency of supple-
menting ram semen extender with melatonin on chilled stor-
age capacity of spermatozoa. Eighty ejaculates were collected 
from 5 Barki rams, 16 ejaculates each, using an artificial vagi-
na throughout the period from January – February, 2017. The 
ejaculates of each collection session were pooled and diluted 
(1:10) with Tris-citric egg yolk extender, and were split into 4 
aliquots. The first portion served as control (melatonin-free), 
whereas the other 3 portions were supplemented with 0.1, 0.2 
or 0.3 mM melatonin. Thereafter, the samples were stored at 4 
oC for 48 hrs, during which sperm physical and morphological 
properties were evaluated at 24 hr interval. Simultaneously, oxi-
dative stress indices in terms of total antioxidant capacity (TAC), 
malondialdehyde concentration (MDA), resazurin reduction test, 
in addition to enzymatic activities of AST, ALT and ALP were 
determined. The results revealed that, over the 48 hr preserva-
tion period, level of melatonin in the diluent was positively cor-
related (P<0.01) with sperm motility, viability, percent of normal 
sperm, intact acrosome, sperm cell membrane integrity and 
total antioxidant capacity (r= 0.75, 0.96, 0.82, 0.95, 0.96 and 
0.74, respectively). Contrarily, a negative correlation (P<0.01) 
was observed between melatonin level and each of primary and 
secondary sperm abnormalities, MDA, AST, ALT and ALP over 
time of storage (r= - 0.71, - 0.85, - 0.46, - 0.71, - 0.95 and - 0.84, 
respectively). These results elucidate that supplementing the di-
luent with 0.3 mM melatonin efficiently reduced oxidative stress 
and improved chilled storage of ram spermatozoa.  
Keywords: Melatonin; ram; semen; chilled preservation; oxida-
tive stress
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1. Introduction
Among different domestic animals, sheep 
possess a remarkable stature for their multi-
productive potential of meat, milk, lamb and 
wool under harsh environmental conditions. The 
utilization of assisted reproductive technologies 
(ARTs) substantially contributed in developing 
genetically-improved sheep breeds with high 
productivity, resistant against diseases, and 
having high capacity to cope with environmental 
conditions (Baldassarre and Karatzas, 2004). 
Artificial insemination (AI), either with fresh or 
cooled diluted semen, was reported to increase 
the rate of genetic progress in sheep breeding 
(O’Hara et al., 2010). It is preferable using ram 
semen within a short time after collection to 
perform AI rather than using cryopreserved 
semen, which exhibit poor quality and fertilization 
capacity due to freezing/thawing induced sperm 
injuries (Maxwell and Watson, 1996; King et 
al., 2004). However, liquid chilled storage of 
semen has been reported to deleteriously 
affect both sperm motility and morphology and, 
thus, sperm fertilizing capacity over chilling-
preservation time (Alam et al., 2005; Munsi et 
al., 2007; Kasimanickam et al., 2007). Therefore, 
maintenance of the fertilization potential of ram 
sperm during chilled storage has become in 
focus of recent research (Jha et al., 2013). 
Chilled storage of semen has been reported 
to expose spermatozoa to the drastic effects 
of oxidative stress and consequential loss 
of motility and increased sperm damage in 
different species (Foote et al., 2002; Agarwal 
et al., 2003). Oxidative stress during cooled 
preservation of semen has been reported to 
occur due to spontaneous lipid peroxidation of 
polyunsaturated fatty acids comprising sperm 
cell membrane, as well as accumulation of free 
radicals in the storage medium throughout the 
period of storage. At optimum physiological 
concentrations, free radicals play important 
roles as mediators of normal sperm function 
(de Lamirande and Gagnon, 1993; Fialkow et 
al., 1994), in addition to regulating fertilization, 
acrosome reaction, hyperactivation, motility and 
capacitation (Omu et al. 1998; WHO, 1999). 
However, excessive levels of ROS damage 
spermatozoa’s biomolecules; i.e. lipids, proteins 
and DNA, and promotes alterations in sperm 
membrane fluidity and, hence, alteration in 

sperm motility parameters (Sikka, 1996; Khinde 
et al. 2003). 
Ruminant semen normally contains antioxidants 
that can offset lipid peroxidation (Griveau et 
al., 1995; Kantola et al., 1998). However, this 
endogenous antioxidative capacity of semen 
may be insufficient to prevent lipid peroxidation 
during prolonged chilled storage (Brezezinska-
Slevbodzinska et al., 1995; Aurich et al., 1997). 
Besides, dilution of semen lowers antioxidant 
capacity of seminal plasma even further (Cerolini 
et al., 2000). Therefore, the concept of improving 
fertilization potential of spermatozoa exposed 
to such oxidative stress, using antioxidants 
supplementation, has gained considerable 
attention in assisted reproductive technology 
practices (Paulenz et al. 2002; Michael et al., 
2007; Maia et al. 2009, 2010].
Previous reports indicated that supplementing 
semen extenders with different antioxidants 
efficiently counteracted the drastic impact of 
generated oxidants, which were produced 
during liquid storage of sperm in small ruminants 
(Bucak et al., 2008; Bucak et al., 2010; Câmara 
et al., 2011; Zeitoun and Al-Damegh, 2015). 
In the present investigation, we evaluated the 
capacity of supplementing ram semen diluent 
with melatonin on neutralizing ROS-induced 
oxidative stress and, hence, enhancing sperm 
physical properties during chilled storage of 
spermatozoa.
2. Materials and methods
2.1. Animals and Management
The present investigation was carried out at the 
Artificial Insemination Lab., Mariout Research 
Station, Desert Research Center, Egypt. Five 
adult Barki rams aged 36 - 48 months and an 
average body weight of 45.0 ± 2.0 kg were used 
from January - February, 2017. Throughout the 
period of the study, the rams were housed in a 
fenced open yard and were allowed to graze daily 
from 0800 to 1400 hr. Thereafter, a concentrate 
mixture was presented to fulfill their protein and 
energy requirements (NRC, 2007) while Egyp-
tian clover, Trifolium alexandrinum, hay was 
provided ad libitum. Fresh water was presented 
once daily after returning from the pasture. Prior 
to executing the experiment, all rams were clin-
ically examined and were found free of disease 
or reproductive disorders. All experimental pro-
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cedures were conducted in conformity with the 
EU Directive for protection of experimental ani-
mals (2010/63/EU).
2.2. Semen extender
Unless otherwise stated, all chemicals were ob-
tained from Sigma (Sigma-Aldrich). A Tris-citric 
egg yolk extender was prepared for dilution of 
ram semen by slightly modifying the extender re-
ported by Kulaksiz et al. (2012). The extender 
comprised Tris buffer (0.25 Mol, 3.63 %), citric 
acid (1.99 %), glucose (0.5 %), antibiotics (0.1 % 
streptomycin sulphate and 100000 IU penicillin), 
and was further supplemented with egg-yolk (40 
%). Immediately after preparation the diluent was 
centrifuged at 6000 rpm for 15 min, and the clar-
ified supernatant was separated. The extender 
was prepared 24 hr prior to each collection ses-
sion and was stored at 4 oC until use.
2.3. Semen collection
A total number of 80 ejaculates were collected 
from the rams, 16 ejaculates each, throughout 
the period of study (January - February, 2017). 
Collection of semen was performed twice week-
ly at 0700 hr using an artificial vagina according 
to the method of El-Bahrawy et al. (2004). Col-
lection tubes, with modified plastic water jackets, 
were used to maintain semen samples at 37 oC 
during the collection sessions. Ejaculates man-
ifested contamination with urine, strange sub-
stances, strange color or odors were discarded. 
2.4. Experimental design
Immediately after collection, raw semen samples 
were transported to the laboratory, and were fur-
ther subjected to physical and morphological 
analysis. Semen was kept in a water bath adjust-
ed at 37 oC throughout the assessment. Upon 
examination, only normospermic ejaculates 
were processed, whereas oligospermic or ter-
atospermic specimens were ditched. Thereafter, 
all good quality specimens were pooled. Mean 
values of pooled semen physical and morpho-
logical properties, throughout the experimental 
period, are displayed in table (1). 
The pooled semen was diluted (1:10) with 
Tris-citric egg yolk extender, and was split into 
4 aliquots using a split-sample technique. The 
first aliquot served as control (melatonin-free), 
whereas each of the other 3 aliquots was sup-
plemented with one of three levels of melatonin 
(N-Acetyl-5-methoxytryptamine, Sigma-Aldrich, 

USA; Cat. no. M5250) as follows: low (melatonin 
LD, 0.1 mM), medium (melatonin MD, 0.2 mM) or 
high (melatonin HD, 0.3 mM). Afterwards, all dilut-
ed semen groups were stored at 4 oC for 48 hr, 
during which sperm physical and morphological 
characteristics were assessed immediately after 
dilution (T0) and at 24 hr interval (T24 and T48). 
2.5. Semen assessment
Sperm progressive motility was estimated in all 
diluted samples using a phase-contrast micro-
scope (Leica) at 400 X magnification, where an 
average of 5 random fields was obtained to the 
nearest 5%. Sperm vitality (live and dead sperm, 
%) were examined using the differential staining 
technique, where a mixture of 10 µl of semen and 
5 µl of freshly-prepared eosin-nigrosin stain was 
smeared on a warm stage, and were examined 
under high power magnification (1000×). Sperm 
abnormalities and acrosome integrity were eval-
uated using Romanowski’s triple-stain technique 
(DIFF-QUICK III, Vertex, Egypt). Smears prepa-
ration and staining procedure were conducted 
following instructions provided by the manufac-
turer, and the stained smears were evaluated 
using a phase-contrast microscope at 1000x 
magnification. Sperm plasma membrane integ-
rity was determined by the hypo-osmotic swell-
ing test (HOST) as described by Mosaferi et al. 
(2005), where at least 200 sperm were evaluat-
ed at 400 X magnification.
2.6. Determination of seminal plasma oxida-
tive stress indices and enzymatic activities
A portion of each semen group (2 ml) was ob-
tained and centrifuged (2500 rpm for 10 min) 
at times parallel to those of sperm physical and 
morphological assessment (T0, T24 and T48). The 
supernatant was aspirated and stored at -20 oC 
until oxidative stress indices and enzymatic ac-
tivities were analyzed. 
Total antioxidant capacity (TAC) and malond-
ialdehyde acetate (MDA) concentration were 
analyzed using colorimetric kits (Biodiagnostic, 
Egypt). Likewise, the reduction of the resazurin 
dye test was performed using colorimetric kits 
(Biodiagnostic, Egypt). The changes in alanine 
aminotransferase (ALT) and aspartate amino-
transferase (AST) concentrations were analyzed 
by colorimetric kits (Spectrum, Egypt), whereas 
alkaline phosphatase (ALP) activity was deter-
mined calorimetrically using kits obtained from 
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Biodiagnostic, Egypt. All procedures were con-
ducted according to the manufacturers’ instruc-
tions.
2.7. Statistical analysis
The normal distribution of data was checked 
using the Shapiro-Wilk test, and when the dis-
tribution was not normal data were arcsined to 
improve the approximation of normality. Mean 
values of pooled (raw) sperm physical and mor-
phological characteristics, throughout the period 
of the study, were obtained by simple student’s 
t-test. The changes in the same sperm criteria, 
as well as oxidative stress indices and enzymat-
ic activities, were determined by repeated mea-
sures analysis of variance (ANOVA) to deter-
mine the fixed effects of treatment, time (T0, T24 
and T48) and treatment by time interaction. The 
differences between means were detected using 
Tukey’s post-hoc test. The correlations between 
time of preservation or melatonin level and both 
sperm characteristics and oxidative stress indi-
ces were obtained by Pearson’s correlation coef-
ficient. The statistical significance threshold was 
set at 5% and data were analyzed using IBM-
SPSS statistics program (IBM-SPSS 2013). The 
data are expressed as means ± standard error 
(SEM).
3. Results
The results showed that time of preservation 
(T0-T48) affected (P<0.05) the percent of sperm 
motility in all semen groups. However, at 48 hr 
of chilled preservation at 4oC, specimens sup-
plemented either with high or medium melatonin 
level recorded sperm motility percent higher 
(P<0.05) than that of control with values 79.0 
±3.7, 72.0 ±4.8 and 49.0 ±4.5 %, respectively 
(Table 1). Similarly, mean values of sperm viabil-
ity, normal sperm percent, primary and second-
ary abnormalities in control and low melatonin 
level groups were adversely affected (P<0.05) by 
time of preservation, whereas the aliquots sup-
plemented either with medium or high melatonin 
level were not affected (Table 1). The high mel-
atonin level group recorded higher (P<0.05) live 
sperm percent (86.2 ±0.2 %) at T48 compared to 
that of control (61.4 ±0.6 %). However, the group 
supplemented with high melatonin level efficient-
ly (P<0.05) maintained both intact acrosome per-
cent and sperm cell membrane integrity over the 
48 hr preservation period compared to those of 
control (Table 1). The highest (P<0.05) percent 

of intact acrosome and sperm cell membrane in-
tegrity, at 48 hr of cooled storage, were recorded 
in the high melatonin level group (82.6 ±0.6 and 
78.6 ±0.6 %) compared to those of control with 
corresponding values 33.2 ±0.7 % and 27.0 ±2.0 
% for both criteria, respectively (Table 1).
On the other side, mean values of total anti-
oxidant capacity (TAC, mM/L) in the medium 
were affected (P<0.05) by time of preservation 
in all groups (Fig. 1). In this respect, the control 
group recorded the highest (P<0.05) values at T0 
whereas the lowest were observed at T48. Con-
trariwise, specimens supplemented with either 
medium or high melatonin levels exhibited a re-
vers trend. The highest (P<0.05) mean values of 
TAC at 48 hr of chilled preservation were record-
ed in high melatonin level group (1.2 ±0.3 mM/L) 
compared to that of control (0.3 ±0.04 mM/L) (Fig. 
1). On the other hand, mean values of malondial-
dehyde (MDA, nM/L) exhibited a trend opposite 
to that observed for TAC, in all groups, over the 
time of preservation. At T48, the high melatonin 
level group recorded the lowest (P<0.05) MDA 
concentration (12.9 ±2.3 nM/L), while the high-
est (P<0.05) concentration was observed in the 
melatonin-free group (26.7 ±4.8 nM/L) (Fig. 1). 
No significant difference was observed in the 
Resazurin reduction test, in all groups, over the 
time of storage. However, enzymatic activities of 
aspartate aminotransferase (AST), alanine ami-
notransferase (ALT) and alkaline phosphatase 
(ALP) were drastically affected (P<0.05) by time 
of preservation (Fig. 1). The highest (P<0.05) 
mean values of the aforementioned criteria were 
recorded in the control group, whereas the low-
est were noted in both medium and high mela-
tonin level specimens at 48 hr of chilled storage.
Collectively, over the 48 hr preservation period, 
level of melatonin in the diluent was positively 
correlated (P<0.01) with sperm motility, viability, 
percent of normal sperm, intact acrosome, sperm 
cell membrane integrity and total antioxidant ca-
pacity (r= 0.75, 0.96, 0.82, 0.95, 0.96 and 0.74, 
respectively). Contrarily, melatonin level was 
negatively correlated (P<0.01) with primary and 
secondary sperm abnormalities, MDA, AST, ALT 
and ALP over time of storage (r= - 0.71, - 0.85, - 
0.46, - 0.71, - 0.95 and - 0.84, respectively).   
4. Discussion 
Semen processing, particularly chilled and 
cryo-storage of spermatozoa, expose spermato-
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Table 1. Mean values of physical properties of pooled ram semen (raw) throughout the peri-
od of the study (mean ±SEM).

Parameter Parameter
Volume (ml) 0.96     ±0.06 Progressive motility (%) 90.0 ±2.7
pH 7.2       ±0.1 Live sperm (%) 90.4 ±2.2
Sperm concentration (X 106 /ml) 2374.4 ±26.2 Normal sperm (%) 89.2 ±1.5
Mass motility score (5-0) * 4.26     ±0.16 Intact acrosome (%) 88.6 ±2.8

* Mass motility score: 5= highly motile    0= immotile

Table 2. Effect of different levels of melatonin supplementation on physical properties of 
ram semen during 48 hr of chilled preservation at 4 oC (mean ±SEM).

Parameter
Preservation 

time 

(hr)

Treatment

Control Melatonin LD Melatonin MD Melatonin HD

Progressive Motility

(%)

0 84.0 ±3.3 b,A 85.0 ±1.6 b,A 88.0 ±1.2 ab,A 94.0 ±1.0 a,A

24 70.0 ±1.6 b,A 76.0 ±2.9 ab,A 78.0 ±1.2 a, AB 81.0 ±2.4 a,AB

48 49.0 ±4.5 b,B 55.0 ±6.7 b,B 72.0 ±4.8 a,B 79.0 ±3.7 a,B

Live sperm

(%)

0 91.4 ±0.7    A 91.4 ±0.7    A 93.2 ±1.2   95.6 ±0.4   

24 72.6 ±1.1 b,B 74.4 ±2.3 b,B 85.4 ±0.4 a 86.8 ±0.4 a

48 61.4 ±0.6 c,C 72.0 ±0.8 b,B 84.6 ±0.2 a 86.2 ±0.2 a

Normal sperm

(%)

0 84.8 ±0.5   A 85.8 ±1.2   A 88.4 ±0.2   87.6 ±0.8    

24 70.8 ±0.4 c,B 72.8 ±0.9 c,B 81.8 ±0.9 b 85.8 ±0.4 a

48 66.8 ±0.7 b,C 67.0 ±1.0 b,C 80.0 ±3.1 a 81.2 ±0.7 a

Primary abnormalities

(%)

0 2.2   ± 0.4   B 2.0   ±0.4    B 2.4   ±0.2 2.3   ±0.5   
24 2.4   ±0.4     B 2.8   ±0.7    B 2.6   ±0.2 2.4   ±0.2
48 7.0   ±0.8 a,A 7.4   ±0.2 a,A 4.0   ±0.2 b 3.0   ±0.2 b

Secondary abnormal-
ities

(%)

0 13.0 ±0.5    B 11.8 ±0.9    B 9.2   ± 1.0  B 11.0 ±1.0 

24 26.8 ±0.5 a,A 24.8 ±0.3 a,A 17.0 ±0.4 b,A 10.0 ±0.5 c

48 26.2 ±0.8 a,A 23.6 ±0.9 a,A 16.0 ±0.8 b,A 9.0   ±0.8 c

Intact acrosome

(%)

0 86.8 ±1.3 b,A 90.4 ±0.7 a,A 91.0 ±0.5 a,A 92.0 ±1.3 a

24 67.0 ±1.2 b,B 65.4 ±0.9 b,B 82.0 ±2.0 a,B 86.2 ±0.9 a

48 33.2 ±0.7 c, C 43.2 ±3.1 b,C 75.4 ±2.2 a,C 82.6 ±0.6 a

Intact cell membrane

(%)

0 88.6 ±0.4 b,A 87.8 ±0.7 ab,A 90.2 ±2.2 ab,A 92.6 ±0.9 a

24 57.4 ±1.8 d,B 63.6 ±1.1 c,B 72.4 ±1.1 b,B 87.4 ±0.9 a

48 27.0 ±2.0 d,C 30.8 ±0.5 c,C 60.4 ±1.1 b,C 78.6 ±0.6 a

 a-d letters among groups in the same row differ significantly (P < 0.05)
A-C letters in the same column within each parameter differ significantly (P < 0.05)
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zoa to sever oxidative stress due to generating 
excessive amounts of reactive oxygen species 
(ROS) via peroxides and free radicals which ac-
cumulate from sperm respiration, metabolic ac-
tivity and peroxidation of phospholipid sperm cell 
membrane (Sanocka and Kurpisz, 2004; Alvarez 
and Storey, 2005). These ROS promotes alter-
ations in sperm membrane integrity and, hence, 
alteration in sperm motility parameters; i.e. depri-
vation of motility, impairment of both the acroso-
mal region (Bilodeau et al., 2002) and sperm cell 
membrane (Câmara et al., 2011). 
In the present results, it is elucidated that mel-
atonin supplementation in the diluent enhanced 
the chilled preservation capacity of ram sperm 
in a dose depending trend, where 0.3 mM mel-
atonin level efficiently maintained sperm motility 
criteria over 48 hr of cooled storage. This was 
clearly evident since sperm physical properties 
in terms of motility, viability, normal, intact ac-
rosome and sperm cell integrity percentages in 
this group of treated semen were 1.6, 1.4, 1.2, 
2.5 and 3.0 times higher than those of control at 
48 hr of chilled preservation, respectively. More-
over, the increased concentration of total antioxi-
dant capacity along with decreased levels of lipid 
peroxidation (presented by the level of MDA), as 
well as enzymatic activities of ALT, AST and ALP 
in the 0.3 mM melatonin-supplemented speci-
mens confirm and explain the sustained physical 
properties of spermatozoa throughout the 48 hr 
period of chilled storage. 
Counteracting the drastic effects of lipid peroxi-
dation on cryopreserved semen parameters by 
means of melatonin supplementation has been 
previously reported in buffaloes (El-Raey et al., 
2014). Melatonin, an indole derivative secreted 
rhythmically from the pineal gland, plays a ma-
jor role in regulating the reproductive functions in 
mammals (Reiter et al. 1998). Naturally, seminal 
fluid contains melatonin and the spermatozoa 
reportedly possess membrane melatonin recep-
tors (Bornman et al., 1989; Van Vuuren et al., 
1992) namely MT1, MT2 and MT3 (Reppert et 
al., 1994; 1995). Beside its multiple actions on 
different physiological processes, melatonin as 
well as its metabolites are indirect antioxidants 
and powerful direct scavengers that protected 
the cells from the free radicals raised by their 
metabolism (Reiter and Tan, 2003; Ahn and Bae, 
2004; Adriaens et al., 2006; Kang et al., 2009). 
Moreover, melatonin via modulating the gluta-

thione activity has the potency to improve mito-
chondrial health state and functions and, thus, 
improve IVF outcomes (El-Raey et al., 2014).
Malondialdehyde (MDA) is a byproduct of lip-
id peroxidation, and is commonly analyzed to 
measure peroxidative damage in spermatozoa 
(Makker et al., 2009). Further, the enzyme lev-
els of seminal plasma are very important for both 
sperm metabolism and function (Brooks, 1990). 
Therefore, they are considered as markers for 
semen quality since they indicate sperm damage 
(Pesch et al., 2006). The transaminase activities 
(AST-ALT) in semen are good indicators of se-
men quality because they measure sperm mem-
brane stability (Corteel, 1980). Thus, increasing 
the percentage of abnormal spermatozoa in 
ejaculate causes high concentration of transam-
inase enzyme in the extra cellular fluid due to 
sperm membrane damage and ease of leakage 
of enzymes from spermatozoa (Gundogan et al., 
2010). Likewise, a high positive correlation has 
been reported between ALP activity released 
by spermatozoa and semen quality when sperm 
cells were subjected to sever stress (Ciereszko 
et al., 1992). These results are is consistent with 
our findings over the 48 hr of cooled preserva-
tion. 
5. Conclusion 
The present results showed that supplement-
ing ram semen extender with 0.3mM melatonin 
significantly protected ram sperm from cold stor-
age-induced negative effects on sperm func-
tionality. This was evident from the maintained 
sperm motility, viability and cell membrane in-
tegrity over the chilled storage period compared 
to the control. Further studies are needed to ad-
dress the impact of melatonin supplementation 
on the cryopreservation potential of ram sperm.
6. Acknowledgment
The author expresses her gratitude to Prof. Kha-
lid A. El-Bahrawy, for his kind providence of mel-
atonin, and to Dr. Ibrahim S. Abd El-Hamid for 
his immense help throughout implementation of 
the study. 
7. Competing interests 
The author declares that she has no competing 
or conflict of interest with respect to the research, 
authorship, and/or publication of this article.
8. Reference



Marwa A. Khalifa, IJAR, 2017; 1:14

Http://escipub.com/international-journal-of-animal-research/          0008

Adriaens, I.P., Jacquet, R., Cortvrindt, K., Smitz, J., 
2006. Melatonin has dose-dependent effects on fol-
liculogenesis, oocyte maturation capacity and ste-
roidogenesis. Toxicol. 228, 333-343.

Agarwal, A., Saleh, R.A., Bedaiwy, M.A., 2003. Role 
of reactive oxygen species in the pathophysiology of 
human reproduction. Fert. Steril. 79, 829-843.

Ahn, H.J., Bae, I.H., 2004. Effects of melatonin on the 
meiotic maturation of mouse oocytes in vitro. Korean 
J. Fert. Steril. 31, 155-168.

Alam, M.G.S., Yeashmin, S., Bari, F.Y., Mishra, B., 
2005. The effect of duration of preservation of the 
quality of chilled bull semen. The Bangladesh Vete. 
22, 16-22.

Álvarez, J.G., Storey, B.T., 2005. Differential incorpo-
ration of fatty acids into and peroxidative loss of fat-
ty acids from phospholipids of human spermatozoa. 
Mol. Reprod. Dev. 42, 334-346.

Aurich, J.E., Schqnherr, U., Hoppe, H., Aurich, C., 
1997. Effects of antioxidants on motility and mem-
brane integrity of chilled-stored stallion semen. Ther-
iogenol. 48, 185-192.

Baldassarre, H., Karatzas, C.N., 2004) Advanced 
assisted reproduction technologies (ART) in goats. 
Anim. Reprod. Sci. 82–83, 255–266. 

Bilodeau, J.F., Blanchette, S., Cormier, N., Sirard, 
M.A., 2002.Reactive oxygen species-mediated loss 
of bovine sperm mitochondrial membrane potential, 
and membrane lipid peroxidation. J. Androl. 21, 895-
902.

Bornman, M.S., Oosthuizen, J.M.C., Barnard, H.C., 
Schulenburg, G.W., Boomker, P., Reif, S. 1989. Mel-
atonin and Sperm Motility/Melatonin und Spermato-
zoenmotilitat. Andrologia 21, 483-485.

Brezezinska-Slevbodzinska, E., Slebodzmski, A.B., 
Pietras, B., Wieczorek, G., 1995. Antioxidant effect of 
vitamin E and glutathione on lipid peroxidation in boar 
semen plasma. Biol. Trace Elem. Res. 47, 69-74.

Brooks, D.E., 1990. Biochemistry of the male acces-
sory glands. In: Lamming, GE (Ed.), Marshall’s phys-
iology of reproduction. (4th Edn.), Edinburgh, Chur-
chill Livingstone. PP: 569-590.

Bucak, M.N., Atessahin, A., Yuce, A., 2008. Effect of 
anti-oxidants and oxidative stress parameters on ram 
semen after the freeze-thawing process. Small Ru-
min. Res. 75, 128-134.

Bucak, M.N., Sariozkan, S., Tuncer, P.B., Sakin, F., 
Atessahin, A., Kulaksiz, R., Ҫevik, M., 2010. The 
effect of antioxidants on post-thawed Angora goat 
(Capra hircus ancryrensis) sperm parameters, lipid 
peroxidation and antioxidant activities. Small Rumin. 
Res. 89, 24-30.

Câmara, D.R., Mello-Pinto, M.M.C., Pinto, L.C., Bra-
sil, O.O., Nunes, J.F., Guerra, M.M.P., 2011. Effects 
of reduced glutathione and catalase on the kinemat-

ics and membrane functionality of sperm during liq-
uid storage of ram semen. Small Rumin. Res. 100, 
44–49.

Cerolini, S., Maldjian, A., Surai, P., Noble, R. 2000. 
Viability, susceptibility to peroxidation and fatty acid 
composition of boar semen during liquid storage. 
Anim. Reprod. Sci. 58, 99-111.

Ciereszko, A., Glogowski, J., Strzezek, J., Demi-
anowicz, W., 1992. Low stability of aspartate amino-
transferase activity in boar’s semen. Theriogenol. 37, 
1269-1281.

Corteel, J.M., 1980. Effets du plasma séminal sur la 
survie et la fertilité des spermatozoïdes conservés in 
vitro. Reprod. Nutr. Dév. 20, 1111-1123.

De Lamirande, E., Gagnon, C., 1993. Human sperm 
hyper activation and capacitation as parts of an oxi-
dative process. Free Radical Biol. Med. 14, 157-166.

El-Bahrawy, K.A.,  El-Hassanein, E.E., Fathelbab, 
A.Z., Zeitoun, M.M., Yaseen, A.M., 2004. Desert cli-
matic effects on freezability and some biochemical 
constituents of Barki ram semen. Mansoura J. Agric. 
Sci. 29, 3123-3132. 

El-Raey, M.R., Badr, R., Darwish, G.M., 2014. Evi-
dences for the role of melatonin as a Protective addi-
tive during buffalo semen freezing. American J. Anim. 
Vet. Sci. 9, 252-262. 

Fialkow, L., Chan, C.K., Rotin, D., Grinstein, S., 
Downey, G.P., 1994. Activation of the mitogen-acti-
vated protein kinase signaling pathway in neutrophils. 
Role of oxidants. J. Biol. Chem. 269, 31234-31242.

Foote, R.H., Brochkett, C.C., Kaproth, M.T., 2002. 
Motility and fertilizing of bull sperm in whole milk ex-
tender containing antioxidants. Anim. Reprod. Sci. 
71, 13-23.

Griveau, J.F., Dumont, P., Renard, J., Callegari, P., 
Le Lannou, D., 1995. Reactive oxygen species, lipid 
peroxidation and enzymatic defense systems in hu-
man spermatozoa. J. Reprod. Fert. 103, 17-26.

Gundogan, M., Yeni, D., Avdatek, F., Fidan, A.F. 
2010. Influence of sperm concentration on the motil-
ity, morphology, membrane and DNA integrity along 
with oxidative stress parameters of ram sperm during 
liquid storage. Anim. Reprod. Sci. 122, 200–207.

IBM, Corp., 2013. IBM SPSS Statistics for Windows, 
Version 22.0. Armonk, NY: IBM Corp.

Jha, P.K., Paul, A.K., Rahman, M.B., Tanjim, M., Bari, 
F.Y., Alam, M.G., 2013. Improvement of preservation 
quality of chilled bull semen using α-tocopherol as an 
antioxidant. J. Embryo Trans. 28. 31-39.

Kang, J.T., Koo, O.J., Kwon, D.K., Park, H.J., Jang, 
G., Kang, S.K., Lee, B.C., 2009. Effects of melatonin 
on in vitro maturation of porcine oocyte and expres-
sion of melatonin receptor RNA in cumulus and gran-
ulosa cells. J. Pineal Res. 46, 22-28.

Kantola, M., Saaranen, M., Vanha-Perttula, T., 1998. 



Marwa A. Khalifa, IJAR, 2017; 1:14

Http://escipub.com/international-journal-of-animal-research/          0009

Selenium and glutathione peroxidase in seminal plas-
ma of men and bulls. J. Reprod. Fert. 83, 785-794. 

Kasimanickam, R., Kasimanickam, V., Pelzer, K.D., 
Dascanio, J.J., 2007. Effect of breed and sperm con-
centration on the changes in structural, functional 
and motility parameters of ram lamb spermatozoa 
during storage at 4 degrees C. Anim. Reprod. Sci. 
101, 60–73.

Kehinde, E.O., Mojiminiyi, O.A., Mahmoud, A.H., 
Al-Awadi, K.A., Al-Hunayan, A., Omu, A.E., 2003. 
The significance of measuring the time course of se-
rum malondialdehyde concentration in patients with 
torsion of the testis. J. Urol. 169, 2177–2180.

King, M.E., McKelvey, W.A.C., Matthews, A.C., Geb-
bie, F.E., Mylne, M.G.A., Stewart, E., Robinson, J.J., 
2004. Lambing rates and litter sizes following intra-
uterine or cervical insemination of frozen/thawed se-
men with or without oxytocin administration. Theriog-
enol. 62, 1236- 1244.

Kulaksiz, R., Cebi, C., Akçay, E., 2012. The effect 
of different extenders on the motility and morphology 
of ram sperm frozen or stored at 4 °C. Turk. J. Vet. 
Anim. Sci. 36, 177- 182.

Maia, M.S., Bicudo, S.D., Azevedo, H.C., Sicherle, 
C.C., Sousa, D.B., Rodello, L., 2009. Motility and vi-
ability of ram sperm cryopreserved in a Tris-egg yolk 
extender supplemented with anti-oxidants. Small Ru-
min. Res. 85, 85-90. 

Maia, M.S., Bicudo, S.D., Sicherle, C.C., Rodello, L., 
Gallego, I.C.S., 2010. Lipid peroxidation and gener-
ation of hydrogen peroxide in frozen-thawed ram se-
men cryopreserved in extenders with anti-oxidants. 
Anim. Reprod. Sci. 122, 118-123.

Makker, K., Agarwal, A., Sharma, R., 2009. Oxidative 
stress & male infertility. Ind. J. Med. Res. 129, 357-
367.

Maxwell, W.M.C., Watson, P.F., 1996. Recent prog-
ress in the preservation of ram semen. Anim. Reprod. 
Sci. 42, 55-65.

Michael, A., Alexopoulos, C., Pontiki, E., Hadjipav-
lou-Litina, D., Saratsis, P., Boscos, C., 2007. Effect 
of antioxidant supplementation on semen quality and 
reactive oxygen species of frozen-thawed canine 
spermatozoa. Theriogenol. 68, 204-212. 

Mosaferi, S., Niasari, N.A., Abarghani, A., Gharah-
daghi, A.A., Gerami, A., 2005. Biophysical and bio-
chemical characteristics of bactrian camel semen col-
lected by artificial vagina. Theriogenol. 63, 92–101.

Munsi, M.N., Bhuiyan, M.M.U., Majumder, S., Alam, 
M.G.S., 2007. Effects of exogenous glutathione on 
the quality of chilled bull semen. Reprod. Dom. Anim. 
42, 358-362.

N.R.C. (2007). National Research Council of the Na-
tional Academies. Nutrient requirement of small ru-
minants: sheep, goats, cervids, and new world came-
lids. The National Academies press, 500 Fifth Street, 

NW, Washington DC, USA.

O’Hara, L., Hanrahan, J.P., Richardson, L., Donovan, 
A., Fair, S., Evans, A.C.O., Lonergan, P. 2010. Effect 
of storage duration, storage temperature, and diluent 
on the viability and fertility of fresh ram sperm. Ther-
iogenol. 73, 541-549.

Omu, A.E., Al-Othman, S., Mohammad, A.S., Al-Kalu-
wby, N.M., Fernandes, S., 1998. Antibiotic therapyof 
seminal infection: effect on antioxidant activity and T 
helper cytokines. J. Reprod. Med. 43, 857–864.

Paulenz, H., Soderquist, L., Perez-Pe, R., Berg, K.A., 
2002. Effect of different extenders and storage tem-
peratures on sperm viability of liquid ram semen. 
Theriogenol. 57, 823–36.

Pesch, S., Bergmann, M., Bostedt, H., 2006. Deter-
mination of some enzymes and macro and microele-
ments in stallion seminal plasma and their correla-
tions to semen quality. Theriogenol. 66, 307-313.

Reiter, R.J., Guerrero, J., Garcia, J., Acuaٌ-Castrovie-
jo, D., 1998. Reactive oxygen intermediates, molecu-
lar damage and aging: Relation to melatonin. Annals 
of the New York Academy of Sciences, 854: 410-424.

Reiter, R.J., Tan, D.X., 2003. Melatonin: A novel pro-
tective agent against oxidative injury of the ischemic/
reperfused heart. Cardiovasc. Res. 58, 10-19.

Reppert, S.M., Godson, C., Mahle, C.D., Weaverand, 
D.R., Slaugenhaupt, S.A., Gusella, J.F. 1995. Molec-
ular characterization of a second melatonin receptor 
expressed in human retina and brain: The Mel1b 
melatonin receptor. Proc. Nat. Acad. Sci. USA. 92, 
8734-8738.

Reppert, S.M., Weaver, D.R., Ebisawa, T., 1994. 
Cloning and characterization of a mammalian mela-
tonin receptor that mediates reproductive and circa-
dian responses. Neuron 13, 1177-1185.

Sanocka, D.M., Kurpisz, M., 2004. Reactive oxygen 
species and sperm cells. Reprod. Biol. Endocrinol. 
23, 12-18. 

Sikka, S.C., 1996). Oxidative stress and role of an-
tioxidants in normal and abnormal sperm function. 
Front Biosci. 1,78-86.

Van Vuuren, R.J.J., Pitout, M.J., Van Aswegen, C.H., 
Theron, J.J., 1992. Putative melatonin receptor inhu-
man spermatozoa. Clinic. Biochem. 25, 125-127.

W.H.O. 1999. World Health Organization Laboratory 
Manual for Examination of Human Semen and Se-
men-Cervical Mucus Interaction. Boston, Cambridge 
University Press, pp 2–5.

Zeitoun, M.M., Al-Damegh, M.A., 2015. Effect of no 
enzymatic antioxidants on sperm motility and survival 
relative to free radicals and antioxidant enzymes of 
chilled-stored ram semen Open J. Anim. Sci. 5, 50-
58.


