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Abstract

Melatonin plays important roles in circadian clock regulation and seasonal reproduction in mammals. It is also a potential antioxidant
and anti-apoptotic agent in semen preservation. Season/climatic factors/photoperiod and temperature humidity index is one of the most
important factors, effect on the variation in semen quality parameters (SQPs) and fertility rate. The present study was conducted to assess
the effect of melatonin (MT) on SQPs at different seasons of the year such as sperm motility, viability, total sperm abnormality, intactness
of acrosome, functional plasma membrane and nuclear integrity in mithun. A total numbers of 80 ejaculates (20 ejaculates in each season)
were collected twice per week from mithun bulls by transrectal massage method and semen sample was divided into six equal aliquots
and diluted with the Tris egg yolk citrate glycerol extender (TEYCGE). Group 1: semen without additives (control), group 2 to 6: semen was
diluted with 1, 2, 3, 4 and 5 mM of melatonin, respectively. These SQPs were estimated in frozen thawed semen. Inclusion of melatonin
into the diluent resulted in significantly (p<0.05) decreased dead and abnormal spermatozoa percentage and acrosomal abnormalities
whereas significant improvement was observed in the sperm motility, viability, plasma membrane and nuclear integrity in treatment as
compared to control group at different seasons of the year. The present study result clearly indicated that melatonin protected the post
thaw SQPs in different seasons and also semen quality varied from different seasons and was significantly higher in spring and lowest

Wwas in summer season.
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1. Introduction

North-Eastern Hilly (NEH) region of Indian subcontinent has
vast natural resources and great cultural diversity among
the states of India. Among the livestock species of NEH
region, mithun is a unique beautiful, magnificent domestic
bovine species, used primarily for beef production and also is
believed to be an economically important cattle species in NEH
region. Mithun is not yet endangered, however affected from
severe non-cyclical fluctuations of population on a national/
regional/international basis as per the livestock censuses
of Government of India (Livestock Census, 2012). Different
investigations on reproductive improvement revealed that
mithun affected severely from intensive inbreeding depression
and lack of suitable breeding bulls & breeding management
programme (Dhali et al., 2008). Mithuns are growing under
free-range extensive system in field condition with available
natural breeding as preferred practice with limitation of
disease transmission control, inbreeding depression, poor
body confirmation of bulls and therefore loss of productive
and reproductive performances of future generations. The
limitations of natural breeding could be easily controlled
by following proper semen collection, cryopreservation and
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artificial insemination under field condition.

Various factors such as vaccination (Perumal et al., 20133;
Perumal et al., 2013b; Perumal, 2014a; Perumal, 2014b;
Perumal, 2018a), seasons (Perumal et al., 2015; Rajoriya
et al.,, 2016; Perumal et al., 2017a; Perumal et al., 2017b),
pathological condition of reproductive system (Perumal,
2013; Perumal et al., 2013c; Perumal et al., 2016a), inclusion
of additives (Perumal et a., 2012a; Perumal et al., 2012b),
glycerol (Baruah et al., 2016) and hereditary and congenital
causes (Perumal et al., 2012c) are affect the semen production
and its quality. Season/climatic factors/photoperiod and
temperature humidity index is one of the most important
factors that have effect on the variation in semen quality
parameters and fertility rate(Perumal et al., 2017a). Heat
tolerance as well as disease resistance capability of the
indigenous cattle (Bos indicus) is better than Bos taurus
exotic cattle bulls, characterized by lower percentage total
sperm abnormalities (Rajoriya et al., 2013). Almost in all the
species higher semen production and its quality profiles were
obtained during spring season. Humid hot season (higher
temperature humidity index) is not suitable for highly motile
as well as fertile semen production. In case of buffalo bulls, the
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animals perform better during winter as well as during spring
seasons, whereas Bos indicus zebu bulls ejaculate semen with
higher motility especially during spring as well as summer
seasons (Rajoriya et al., 2013). Seasonal effect on freezability
of buffalo bull semen clearly reported that the season has
significant effect on post-thaw motility and values were being
highest in semen samples collected and cryopreserved during
winter and lowest was in summer season (Sagdeo et al., 1991).

Antioxidants are present in semen to protect the sperm
against free radical (Perumal et al., 2013f; Perumal et al.,
2014c). However, these antioxidants level are decreased
during the process of extension and preservation process in
liquid as well as in frozen state (Kumar et al., 2011; Perumal,
2017). Therefore, supplementation (Perumal et al., 2013f;
Perumal et al., 2014c) or feeding of the natural/synthetic
antioxidants (Jayaganthan et al., 2013; Jayaganthan et al.,
2015) could able to reduce the deleterious effect of oxidative
and cryo stress during the process of semen preservation
(Perumal et al., 2011a; Perumal et al., 2011b). Melatonin is
a natural indole derivative endogenous substance secreted
rhythmically and released by the endocrine pineal gland in the
brain and plays important roles in circadian clock regulation
as well as seasonal reproduction in mammals (Reiter, 1991).
Moreover, it was demonstrated that it has multiple actions on
different physiological processes and also melatonin and its
metabolites are the indirect powerful potential antioxidants
and it is a powerful direct scavengers of free radicals (Reiter
et al., 1998). Unlike the majority of other known free radical
scavengers, melatonin is the multifunctional as well as
universal antioxidants (Tomas-Zapico and Coto-Montes,
2005). It is an amphophilic compound as it is soluble both in
water as well as in lipids as a hydrophilic and hydrophobic
antioxidant. Further, it was reported that melatonin also
stimulates the enzymes which are involved in metabolising
free radicals and reactive oxygen species and preserves cell
membrane fluidity suitable for higher fertility rate. As it was
reported that melatonin has potent as twice as vitamin E in
scavenging the peroxyl radicals (Pieri et al., 1994) and also it
is more effective in removing hydroxyl radicals than reduced
glutathione or mannitol (Hardeland et al., 1993). It was also
reported that melatonin minimizes or prevents the in vitro
sperm capacitation and inhibit apoptotic like changes which
indicates it has a direct action on spermatozoa. Inclusion of

melatonin into the ram sperm (Ashrafi et al., 2011), boar
sperm (Hyun-Yong et al., 2006), bull sperm (Ashrafi et al.,
2013) and mithun (Perumal et al., 2013d) has been reported
that it protected the sperm against the harmful effects of free
radicals or ROS and improved the sperm motility, membrane
integrity and ferility in the frozen state.

Further, available of literatures revealed scanty of information
on effect of melatonin on the semen quality profiles during
ultralow temperature cryopreservation of mithun semen
at different seasons. Hence, the objective of this study was
designed to assess the effect of this additive, melatonin on
the post thaw SQPs in mithun at different seasons to pursuit
future semen collection and preservation protocols.

2. Materials and Methods

2.1. Experimental animals

Eight apparently healthy adult mithun bulls of approximately
4 to 6 yr of age with good body condition (score 5-6) were
selected from the herd of mithun derived from various
hilly tracts of the NEH region of India especially Arunachal
Pradesh, Nagaland, Manipur and Mizoram and maintained
under uniform feeding, housing and lighting conditions in
ICAR-National Research Centre on Mithun, Medziphema,
Nagaland, India. Semen was collected from the animals
through rectal massage method. Briefly, seminal vesicles
were massaged centrally and backwardly for 5 min followed
by the gentle milking of ampullae one by one for 3—5 min,
which resulted into erection and ejaculation (Palmer et al.,
2004). An assistant collected the semen as it was emitted
from the preputial orifice into a plastic bag suspended in a
thermos containing warm water at the bottom, resulting in a
temperature of 35-38 °C in the plastic bag. During collection,
the initial transparent secretions were discarded and neat
semen drops were collected in a graduated test tube with
the help of a funnel.

2.2. Semen collection and processing

The collection seasons were divided into four based on the
temperature humidity index viz. spring (February to April;
THI: 63.51+1.85), summer (May to July; THI: 76.06+1.74),
autumn (August to October; THI: 74.00+1.77) and winter
(November to January; THI: 54.41+1.09) (Table 1). A total
numbers of 40 ejaculates (10 ejaculates from each season)

Table 1: Climatological data (Mean*SEM) during the experimental period

Seasons  Sunshine  Dry bulb tem- Wet Bulb tem- Maximum tem- Minimum tem- Relative THI value
hours perature (°C)  perature (°C) perature (°C) perature (°C)  Humidity (%)

Winter  4.11+0.97°  10.62+0.90° 8.57+0.92° 24.62+0.84° 9.93+0.90° 74.00+1.32° 54.41+1.09°

Spring  4.81+£1.10® 17.09+1.63° 14.73+1.45° 29.84+1.57° 15.86+1.45° 76.33£2.01* 63.51+1.85°

Summer 6.55+0.73*  25.44+1.19° 22.88+1.35¢ 32.48+0.70¢ 23.94+1.34°  80.00+1.90b¢ 76.06+1.74¢

Autumn  6.32+0.85°  24.18+1.50¢ 22.21+1.46° 30.69+0.68b¢ 23.34+1.48° 83.67+1.07¢ 74.00%1.77¢

Overall ~ 5.45%1.14 19.334+2.54 17.10+2.51 29.41+1.80 18.27+2.49 78.50+2.14  66.99+3.06

Within column means with different superscripts (a, b, c, d) differ significantly (p< 0.05)
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were collected from the mithun. Immediately after collection,
the samples were kept in a water bath at 37 °C and evaluated
for volume, colour, consistency, mass activity and pH. After
the preliminary evaluations, samples were subjected to the
initial dilution with pre-warmed (37 °C) Tris egg yolk citrate
glycerol extender (TEYCGE). The partially diluted samples were
then brought to the laboratory in an insulated flask containing
warm water (37 °C) for further processing.

Each ejaculate was split into six equal aliquots and diluted with
the TEYCG extender with melatonin. Group 1: semen without
additives (control), group 2 to group 6: semen with 1 mM,
2 mM, 3 mM, 4 mM and 5 mM of melatonin, respectively.
However, pH of diluents was adjusted to be 6.8—7.0 by using
phosphate buffer solution. Diluted semen samples of control
and treatment groups were cooled simultaneously from 37
to5°Catarateof 0.2-0.3 °C per minin a cold cabinet (IMV,
L’Aigle, France) and maintained at 5 °C for 2 h. Polyvinyl
chloride (PVC) straws (0.5 mL) (IMV, L’Aigle, France) were
filled and maintained in a cold cabinet at 5 °C for 2.5 h.
Subsequently, these straws were wipe-cleaned, dried and
spread over the freezing rack. The rack containing straws
was kept in a biological programmable freezer for freezing
(final temperature maintained at -124 °C, 12 min) followed
by plunging of straws into the liquid nitrogen (-196 °C) and
was stored therein. At the time of evaluation, the stored
semen straws were taken out of the cryo-cans and thawed
in water bath at 37 °C for 30s.The percentage of sperm
motility, viability, total sperm abnormality (Tomar et al.,
1997), acrosomal integrity (Watson 1975), plasma membrane
integrity by hypo-osmotic swelling test (HOST) (Jeyendran et
al., 1984) and nuclear integrity by Feulgen staining technique
(Barth and Oko, 1989) were determined as per standard
procedure.

2.3. Sperm motility

The forward progressive motility was recorded as percentage
of progressively motile spermatozoa after the extension
of semen. This was assessed by placing a drop of semen
diluted (1:2-3) with Tris diluter on a clean, grease-free glass
slide mounted on a stage maintained at 37 °C and observed
under high-power objective (20x) after covering with a cover
slip. The semen sample was extended to such an extent that
approximately 15-20 spermatozoa were visible under the
visual field of microscope (Nikon, Eclipse 80i; magnification
200x). Individual progressive forward motility was observed
as the percentage of the anterior progressive forward motility
of spermatozoa (Salisbury et al., 1985).

2.4. Viability and total sperm abnormality

The per cent live spermatozoa was determined by adopting
differential staining techniques using Eosin—Nigrosin staining
as described by Lasley and Bogart (1944). Briefly, a drop of
eosin (5%) and nigrosin (10%) solution was mixed on a glass
slide. One drop of frozen—thawed semen was added to the
stain on the slide and mixed. A thin smear was made and air-
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dried immediately by vigorous shaking. Live (unstained) and
dead (stained, fully or partially) sperm cells were counted
under 40x. These slides were examined for estimating the
per cent of abnormal sperm, morphologically based on the
observable abnormalities of head, neck, mid-piece and tail
region of the spermatozoa (Lasley and Bogart, 1944).

2.5. Acrosome integrity

Acrosomal integrity of post-thawed spermatozoa was
assessed using Giemsa stain (Watson, 1975). The slides were
examined under oil immersion objective of the microscope
to assess acrosome integrity. At least 200 spermatozoa
were counted and categorized as having intact acrosome or
abnormal or non-intact acrosome.

2.6. Plasma membrane integrity

For determining swelling pattern of spermatozoa in the hypo-
osmotic solution, solution-A (0.734 g sodium citrate) and
solution B (1.351 g fructose) were prepared in 100 ml double
distilled water. To prepare 1 ml of hypo-osmotic solution of
150 mOsm I}, 0.5 ml of each solution A and B was taken in a
clean, pre-warmed (37 °C) test tube. This solution is always
prepared freshly before each test. The prepared hypo-osmotic
solution was tested with advanced micro-Osmometer (Model
No: 3MO, USA) to ensure that osmolality of the solution
remains 150 mOsm I. The hypo-osmotic swelling (HOS)
response was assessed as described by Jeyendran et al.
(1984). Pattern A: no swelling, no membrane reaction, pattern
B: swelling of the tip of the tail, pattern C: different types of
hairpin such as swelling pattern or swelling of the mid-piece,
and pattern D: complete tail swelling. Spermatozoa displaying
either pattern B, C or D were considered positive for HOST at
post thawed stage.

2.7. Nuclear integrity

Feulgen reaction specifically and quantitatively stains the DNA
in cellular material as described by Barth and Oko (1989).
Treating sperm cells with mild solution of HCL hydrolyses the
purine-deoxyribose linkages and exposes the free aldehydes
group. The latter can react with Feulgen stain to form stable,
coloured compound. The amount of stain colour developed
is directly proportional to the amount of DNA present in
the stained nuclei. For this assay, smear of sperm cells was
prepared and fixed in 10% neutral buffered formal solution
for 30 min. After fixing, slides were washed in running water
for 10 min and incubated for 30 min in 5N HCL. Excess acid
was removed by washing the slides twice in the running water
for 5 min and then dipped in Schiff reagent (30 min, under
dark condition). Excess reagent was removed by rinsing in
sulphate water thrice at 2 min interval followed by washing
in running water (10 min). Stained slides were dried in airand
examined using phase-contrast microscope (Nikon, Eclipse
80i; magnification 1000x). Total number (percentage) of
normal and abnormal staining spermatozoa was determined
by counting at least 200 cells per sample. Sperm abnormalities
were classified into six categories: pyriform heads, giant-
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rolled-crested heads, pale staining cells, multiple vacuoles,
single vacuoles and clumped nuclear material (Barth and
Oko, 1989).

2.8. Statistical analysis

The statistical analysis of the data was performed as per
standard procedures (Snedecor and Cochran, 1994). Analysis
of variance (ANOVA) was performed using a generalized liner
model (Statistical Analysis System for Windows, SAS Version
9.3; SAS Institute, Inc., Cary, NC, 2001) and treatment means
were separated using Student—Newman-Keuls (SNK) multiple
range test. Tables present the non-transformed data. The data
used in the study were tested for normality before analysis
using Shapiro—Wilk statistics. Means were analyzed by two
way analysis of variance (ANOVA), followed by the Tukey’s
post hoc test to determine significant differences between
the different seasons with treatment or without treatment on
these sperm parameters using the SAS software /PC computer
program. The per cent data were subjected to arcsine

(angular) transformation before proceeding to general linear
model. Differences with values of p<0.05 were considered
to be statistically significant after arcsine transformation of
percentage data.

3. Results and Discussion

Effects of melatonin on semen quality parameters such as
total sperm motility (Table 2), viability (Table 3), total sperm
abnormality (Table 4), intactness of acrosome (Table 5),
functional plasma membrane integrity (Table 6) and nuclear
integrity (Table 7) in the frozen (-196 °C) thawed semen from
different seasons were presented in tables. Results revealed
that supplementation of melatonin into TEYCG diluent
results decreased significantly (p<0.05) the percentages
of dead and abnormal spermatozoa as well as acrosomal
abnormalities when samples were examined during different
seasons as compared to the control group. Semen quality
and effect of melatonin on semen quality parameters were

Table 2: Mean (1S.E.) post thaw motility of mithun sperm treated with melatonin at different seasons

Experimental groups

MT 2 mM MT 3 mM

MT 4 mM

MT 5 mM

Seasons

Control MT 1 mM
Winter 36.85+1.47¢ 37.7811.87°ECP
Spring 38.38£1.29% 39.06£1.49%4
Summer  30.39+1.82%® 32.92+1.618
Autumn  34.18+1.59b"8¢ 35.40+1.93%¢c

38.88+1.64°P 40.41+1.58%°
41.62+2.19%® 44.16%1.34«
33.12+2.10%® 37.83+1.73
36.40+1.69°° 39.18+1.38a"°

35.80+1.98b®
38.14+1.46%
32.16%1.53*8

32.97+2.183"®

33.82+1.97*
37.03£1.47%
30.17£1.53*
31.14+42.14°*

Within columns means with different letters (a, b, c, d) differ significantly (p<0.05); Within rows means with different letters
(A, B, C, D) differ significantly (p<0.05)

Table 3: Mean (1S.E.) post thaw viability of mithun sperm treated with melatonin at different seasons

Experimental groups

MT 1 mM

MT 2 mM

MT 3 mM

MT 4 mM

MT 5 mM

Seasons

Control
Winter 42.29+1.86¢
Spring 45.33+1.56¢
Summer  35.70+2.09%
Autumn  40.34+1.39%®

44.28+1.61°8¢
47.1141.13%¢
38.10+2.13¢
40.88+2.11%¢

46.18+1.29¢
50.27%1.55°
41.12+2.30%
43.73+1.62%¢

50.99+1.74°
56.24+1.30%
45.12+1.87%
50.15+1.85°

43.82+1.81°¢
43.94+1.59®
38.37+2.23%8

40.70+2.07%8¢

40.82+1.80°
41.32+1.70
36.41+2.23*
34.68+2.06*

Within columns means with different letters (a, b, c, d) differ significantly (p<0.05); Within rows means with different letters
(A, B, C, D) differ significantly (p<0.05)

Table 4: Mean (£S.E.) post thaw total sperm abnormality of mithun sperm treated with melatonin at different seasons

Experimental groups

MT 1 mM

MT 2 mM

MT 3 mM

MT 4 mM

MT 5 mM

Seasons

Control
Winter 21.00+0.63"¢
Spring 19.21+1.10%
Summer  26.63+1.08
Autumn  20.4740.73°°

19.43+1.08°
17.17+1.14°%%¢
24.35+0.98
19.86+0.69°¢

18.27+0.80"
16.74+1.39%®
21.28+1.04%
17.65+0.84°0%

15.47+0.92*
14.28+0.87**
22.29+1.17%
16.47£1.10%

17.01+0.77%®
16.89+1.20%®
25.83+1.19«
18.29+1.02%®

21.38+0.77¢
18.64+1.12°°
26.73+1.11
21.26+0.92"F

Within columns means with different letters (a, b, c, d) differ significantly (p<0.05); Within rows means with different letters
(A, B, C, D) differ significantly (p<0.05)

w
2. © 2019 PP House 026



International Journal of Bio-resource and Stress Management 2019, 10(1):023-032

Table 5: Mean (1S.E.) post thaw acrosomal integrity of mithun sperm treated with melatonin at different seasons

Experimental groups

MT 2 mM

MT 3 mM

MT 4 mM

MT 5 mM

Seasons

Control MT 1 mM
Winter 46.30 £1.28 47.58+1.26"
Spring 48.72+1.65% 52.54+1.71®
Summer  40.38+1.57% 43.26+1.45%
Autumn  46.35+1.57°* 49.11+1.01%®

50.72+1.77°®
54.40+1.28*
47.13+1.66C
51.22+1.19¢

55.15+1.81°¢
59.85+1.15«
50.80£1.66%
54.36+1.59"°

48.39+1.41%8

52.63+1.85
46.50+1.44%¢
50.25+1.50¢

47.34+1.46°*
48.71+1.83*
41.38+1.49%8
45.28+1.54%

Within columns means with different letters (a, b, c, d) differ significantly (p<0.05); Within rows means with different letters
(A, B, C, D) differ significantly (p<0.05)

Table 6: Mean (1S.E.) post thaw plasma membrane integrity of mithun sperm treated with melatonin at different seasons

Experimental groups

MT 2 mM

MT 3 mM

MT 4 mM

MT 5 mM

Seasons

Control MT 1 mM
Winter 42.27+1.65 44.42+1.788
Spring 47.42+1.34% 48.10+1.29
Summer  36.20+1.80% 41.30+1.96%¢
Autumn 44.43+£1.29%® 44.85+2.04°8¢

49.24+1.51%¢
51.92+1.84°
42.96+1.71%
48.22+1.97*¢

53.06+1.61%°
60.69+1.62°F
48.27+1.60%°
52.24+1.71°°

45.99+1.77%8¢
45.61+1.48%®
40.10+2.19%¢
44.10+1.62®

42.25+1.76%
43.01+1.55
38.12+2.19%8
41.14+1.59%

Within columns means with different letters (a, b, c, d) differ significantly (p<0.05); Within rows means with different letters
(A, B, C, D) differ significantly (p<0.05)

Table 7: Mean (1S.E.) post thaw nuclear integrity of mithun sperm treated with melatonin at different seasons

Experimental groups

MT 2 mM

MT 3 mM

MT 4 mM

MT 5 mM

Seasons

Control MT 1 mM
Winter 51.66+ 1.61%8 54.14+1.76°5¢
Spring 52.28+1.66 56.31+1.53¢
Summer  43.19+1.73** 47.17+2.10%®
Autumn  50.22+1.73% 53.58+1.51%®

57.00+1.37°P

58.87£1.91
49.39+1.92%*
55.07+1.55

59.25+1.60°
64.09£1.35°
53.42+2.00¢
58.10+1.45

53.1142.058
54.30+1.73%8
49.26+1.82%*
52.00+1.79%*

50.23+2.05
52.33+1.70
46.73£1.70%®
50.22+1.79"

Within columns means with different letters (a, b, c, d) differ significantly (p<0.05); Within rows means with different letters

(A, B, C, D) differ significantly (p<0.05)

significantly (p<0.05) differed between the seasons and
were significantly higher in spring season and lowest was
in summer season. Mean total sperm abnormalities were
19.2141.10,17.1741.14,16.74+1.39, 14.28+0.87, 16.89+1.20
and 18.64+1.12, respectively for control, 1ImM, 2 mM, 3
mM, 4 mM and 5 mM of melatonin treated mithun semen
in spring season. Additionally, melatonin at 1 mM, 2 mM, 4
mM and 5 mM were significantly inferior to melatonin at 3
mM treatments for these semen quality attributes and there
was a significant (p<0.05) difference between melatonin at
1mM,2mM,4mM,5nMand 3 mM (3mMvs 1,2, 4,5
mM) for these response at different seasons. It was obvious
from the present data of the experiment that inclusion of
melatonin especially at 3 mM to the semen diluent resulted
in significant improvement in SQPs and reduction of sperm
nuclear, acrosomal and morphological abnormalities in
mithun sperm stored in cryopreserved at -196 °C in different
seasons. Moreover, semen from spring season has higher
freezability and melatonin inclusion during spring season

has significantly higher semen quality and freezability
whereas significantly lower semen quality and freezability
was observed in summer season.

Results revealed in the present study that inclusion of
melatonin in the semen extender, mixed with semen which
was collected at different seasons has improved the SQPs and
was higher in spring than summer season. Thus melatonin
protects the structural stability and function ability of the
spermatozoa efficiently at different seasons. Semen quality
was differed between the seasons, higher was in spring
followed by autumn, winter and lower was in summer
season. Thus, melatonin has enhanced the semen quality
by cryopreserving efficiently during artificial insemination
procedure in mithun species at different seasons. There were
scanty reports available on effect of inclusion of melatonin on
SQPs in mithun at different seasons at ultra-low temperature
(-196 °C) and this is the first report of the effect of melatonin
on SQPs in cryopreserved mithun semen, collected at different
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seasons to the best of our knowledge. However, various
authors reported that melatonin has significant beneficial
effects on cryopreservation of mammalian sperm and
improves the SQPs of spermatozoa (Ashrafi et al., 2011; Hyun-
Yong et al., 2006; Ashrafi et al., 2013). Melatonin inclusion
on these SQPs revealed significant difference between the
treatment groups in different seasons. The beneficial effects
of melatonin in semen cryopreservation are due to it is a
very potent antioxidant (Ashrafi et al., 2011; Hyun-Yong et
al., 2006; Ashrafi et al., 2013). Season is one of the essential
criteria that have altered the variation in SQPs and fertility.
Semen quality parameters are significantly affected by
seasons. Heat tolerance as well as disease resistance capacity
of indigenous cattle (Bos indicus) is significantly higher than
exotic (Bos taurus) bulls characterized by lower percentage
of total sperm abnormalities (Rajoriya et al., 2013).

Mammalian sperm membrane made up of high polyunsatured
fatty acids and it renders the sperm very susceptible to
affected with lipid peroxidation, which happens as a result of
the peroxidation of the membrane lipids by partially reduced
oxygen molecules such as hydrogen peroxide, superoxide
and hydroxyl radicals (Dandekar et al., 2002; Perumal et
al., 2016b). Lipid peroxidation of the sperm membrane
finally inturn to impairment of function of the sperm due
to higher attacks by free radical or ROS causes alteration of
total sperm motility and membrane integrity and damage
to sperm DNA and infertility through oxidative stress and
production of cytotoxic aldehydes (Perumal et al., 2011a).
Besides, the antioxidant system of seminal plasma as well
as spermatozoa is compromised during semen dilution
and processing (Alvarez and Storey, 1992). The antioxidant
concentration decreased during the preservation process by
dilution of semen with extender and excessive generation of
free radical or ROS molecules (Kumar et al., 2011). Natural as
well as synthetic antioxidant systems have been explained as
a defense functioning mechanism against lipid peroxidation
in semen (Kumar et al., 2011). Therefore, supplementation
of exogenous antioxidants with naturally available could
reduce the impact of oxidative stress during the sperm storage
process and thus improve the quality of cryopreserved semen
(Ashrafi et al., 2011; Perumal et al., 2013e). Seasons are also
majorly influenced on the LPO production and antioxidant
concentration as higher level of antioxidant was reported
in winter as compared to summer season and higher LPO in
summer season than in winter season in semen of Tharparkar
bull (Rajoriya et al., 2013).

The summer season causes thermal and hot stress to the
animal which also affect the Leydig cell function as chronic
heat treatment has to reduce testosterone production and
functions of accessory sex glands especially epididymis as well
as seminal vesicles because as these antioxidants are arrived
from epididymis mainly cauda epididymis (Fouchecourt et
al., 2000) and seminal vesicle (Tramer et al., 1998) into the
semen stream because the epididymis, accessory sex glands
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are thermo sensitive and androgen dependent (Saeed et al.,
1994). Therefore the production of antioxidants was lower
and LPO production was higher in summer than in spring or
autumn or winter season in mithun.

The results of the present study showed that inclusion of
melatonin at 3 mM improved the keeping quality of mithun
semen which cryopreserved at -196 °C in different seasons
and was higher in spring season. But the sperm motility was
declined in summer season. Similar reports were observed in
indigenous Tharparkar cattle (Rajoriya et al., 2013) that winter
season favours more sperm motility than summer season.
Similar report was also observed in another mountain animal
yak as sperm from autumn season was significantly better
SQPs than summer season (Sarkar et al., 2009). The motility
of sperm cell develops during their passage through the
epididymis. Anaphylactic stress caused by summer heat stress,
as depicted by the significant rise in body as well as testes
temperature causes derangement in epididymal functions
and spermatogenesis which could lead to summer stress-
mediated decreased sperm motility and with similar feature
of testicular hypoplasia and degeneration (Arthur et al.,
1989). Higher temperature could give rise to secondary sperm
abnormalities as well with increase in sperm tail and mid-piece
abnormalities as reported in testicular degeneration or partial
hypoplasia of testes (Sullivan, 1978).

Similarly, reduced rate of the sperm motility percentage was
significantly higher in semen samples treated with 4 or 5 mM
melatonin or without melatonin (control). Whereas inclusion
of melatonin at 3 mM causes the motility and viability
parameters were increased as compared to control group
(Succu et al., 2011). The differential effects of the different
concentration of melatonin might be explained according to
the report of Ashrafi et al. (2011) reported that the excessive
amount of antioxidants than threshold causes alteration of the
osmotic pressure or physiological changes of the extender and
high fluidity of plasma membrane above the desired point,
making the sperm more susceptible to damages on acrosome
which may be harmful to spermatozoa that leads to decreased
the spermatozoa performance after cryopreservation at ultra-
low temperature. In addition to this, the concentration of
antioxidants included to extender should be considered since
higher dosage of antioxidants may be harmful to spermatozoa
due to the change in physiological condition of semen
extender. In mithun, survival of spermatozoa will increase
when the concentration of antioxidant included to extender
increases. However, the antioxidant concentration higher
than required amount was toxic to spermatozoa (Perumal
et al., 2015). The over expression of melatonin may reflect a
defect in the development or maturation of spermatozoa as
well as sperm cellular damage, resulting in decreased sperm
fertilization potential (Ashrafi et al., 2013). Similarly, in the
present study, increasing dosage of melatonin, at 4 mM or
5 mM affected the seminal parameters in mithun semen
TEYCG extender. At the same time, less concentration also
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affected the semen quality parameters. However as per the
concentration, the SQPs were increased from control to 3 mM
then decreased to 5 mM. Differences in preservation protocols
and extender formulations among laboratories, the time of
addition/exposure of sperm with antioxidant, concentration
of antioxidants and between species may explain, at least in
part, this variability. The improvement of semen quality due
to addition of exogenous melatonin recorded in the present
study was previously reported in the form of motility and
intact acrosomal membrane in ram sperm (Ashrafi et al.,
2011), boar sperm (Hyun-Yong et al., 2006), bull sperm (Ashrafi
etal., 2013) and mithun (Perumal et al., 2013d). Moreover, the
addition of exogenous melatonin was significantly improving
the percentages of DNA morphology, sperm viability and
intact plasma membrane (swelling tails) especially at a level
of 3 mM of melatonin. The highest percentages of acrosomal
membranes and intact plasma which were observed in the
present study due to melatonin at 3 mM may be the reason
for higher motility in these samples (Ashrafi et al., 2013).
Mitochondria in sperm cells encase the axosome, connect
with dense fibres in the middle pieces and produce adenosine
triphosphate (ATP). It has been reported (Aitken and Clarkson,
1987) that the axoneme and mitochondria in sperms may
be damaged by a high level of ROS. Studies have shown that
melatonin can stabilise and protect the mitochondria through
several different mechanisms (Lopez et al., 2009).

Melatonin helps to maintain the integrity of normal acrosome
and stabilizes the plasmalemma of spermatozoa causes
increase of motility (Sonmez et al., 2007). Melatonin, in sperm
cells, reacts with many free radicals directly for protecting
mammalian cells against oxidative stress or ROS and hence
maintaining the total sperm motility (Ashrafi et al., 2013).
Therefore, in this study, attempts to improve the motility
and viability of the sperm cells by incorporating melatonin
in cryopreservation (Ashrafi et al., 2011) and already frozen
semen form have been investigated in other species (Ashrafi
etal., 2013). Similar result was reported in Tharparkar bulls as
semen ejaculates from winter season have significantly higher
total sperm acrosomal integrity than ejaculates collected from
summer season (Rajoriya et al., 2013).

Since, functional plasma membrane integrity indicates the
biochemical integrity of sperm plasma membrane and it is
involved in the process of capacitation, acrosome reaction
and ultimately binding of spermatozoa to the oocyte for
fertilization (Argov et al., 2007). So, this test is able to assess
the fertilizing ability of spermatozoa and the ultimate target
of which is to reduce the incidence of repeat breeding
problem in mithun. Perumal (2018b) observed that decrease
in HOST reacting spermatozoa following scrotal insulation in
mithun due to increase of testicular temperature and body
temperature as in summer hot stress. Similarly, in a study on
bulls, HOS test reacting spermatozoa were reduced after heat
treatment (Sivaramalingam, 1994) similar to summer season.
Thus it can be proposed that summer heat stress affects the
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HOS percentage by affecting the biochemical integrity of the
sperm plasma membrane. Similar report was observed in
indigenous (Bos indicus) cattle (Rajoriya et al., 2013), buffaloes
(Sagdeo et al., 1991), sheep (Colas 1980), goat (Zarazaga et al.,
2009) and horse (Pickett et al., 1975) as season has significance
influence on sperm acrosomal integrity.

In general, sperm morphology usually returns to normal value
within approximately 8 weeks of the thermal insult (Kastelic
etal., 1996). However, a prolonged and (or) severe increase in
testicular temperature will increase the interval for recovery
in summer season. It appears that the decrease in semen
quality associated with increased testicular temperature is
ultimately related to the severity and the duration of the
increased testicular temperature.

A recent study report indicated that semen quality is
deteriorated (Aitken et al., 2010) by which DNA damage
is induced in the male gamete by oxidative stress and
spermatozoa are particularly vulnerable to this because
they generate ROS and are rich in targets for oxidative
attack. The author also draws attention to the fact that,
because spermatozoa are transcriptionally inactive and
have little cytoplasm, they are deficient in both antioxidants
and DNA-repair systems. Oxidative stresses may be a cause
of male infertility and contribute to DNA fragmentation in
spermatozoa (Perumal et al., 2011b). There are few studies
on the effects of antioxidant inclusion to the extenders
during cooling and/or freezing mammalian spermatozoa
(Ashrafi et al., 2013). In mithun semen, ROS are generated
mainly by damaged and abnormal spermatozoa and by
contaminating leukocytes. ROS damage the cells by changes
to lipids, proteins and DNA. Spermatozoa are potentially
susceptible to peroxidative damage caused by ROS excess due
to high amounts of polyunsaturated fatty acids in membrane
phospholipids of sperm and to sparse cytoplasm. In the
present study, inclusion of melatonin has decreased the
DNA integrity /nuclear integrity especially at 3mM in mithun
semen preserved at-196 °Cin different seasons. It is similar to
reports of Succu et al. (2011) that the inclusion of melatonin
preserved DNA integrity in cryopreserved ram spermatozoa.

Moreover, it maintains plasma and mitochondrial membrane
integrity and cytoskeleton structure of flagella of sperm as cell
protecting effects. Melatonin has also protects and stimulates
the activities of antioxidant enzymes (Karbownik and Reiter,
2000), which helps to maintain membrane transportation
(Alvarez and Storey, 1992) and fertility of the spermatozoa.
It results indirectly decrease the number of free radicals, ROS
and also may increase the production of molecules protecting
the sperm cells against oxidative stress. Indeed, melatonin
was shown to be twice as potent as vitamin E in removing
peroxyl radicals (Pieri et al., 1994) and it is more effective in
scavenging the hydroxyl radicals than reduced glutathione
and mannitol (Hardeland et al., 1993).

Melatonin is produced and secreted during the night (dark).
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As days become shorter, the exposure to melatonin increases;
this hormone, through a complex action on the hypothalamus-
pituitary-gonads axis, exerts a stimulating effect on GnRH
secretion by the hypothalamus and modulating gonadotropin
and testosterone production (Gavella and Lipovac, 2000) in
short-day breeders. In the present study, semen production
and semen quality were significantly higher in spring and
winter seasons, the seasons have short day light. This indicates
that during this short day season, there was more secretion
of melatonin in mithun and protected the semen quality
parameters along with stimulation of hypothalamus to secrete
more GnRH followed by high semen production. Moreover,
there may be high variation in melatonin secretion and
concentration throughout the year in mithun seminal plasma
that could partly explain the differences in sperm quality and
fertility observed between the breeding and non-breeding
seasons (Ashrafi et al., 2013) in mithun species. Similarly, in
mithun cows, short day may induce secretion of melatonin,
stimulation of GnRH followed by expression of heat, breeding,
conception and calving. But in the present study, we didn’t
measure the melatonin and other reproductive hormones
concentration in different season in both male and female
animal.

4. Conclusion

Improvements in SQPs may be due to prevention of
excessive generation of ROS by antioxidant property of
melatonin indicates that the melatonin protects in dose
dependent manner. Thus it protected the spermatozoa during
preservation and enhancing fertility at 3 mM. Further, semen
production and melatonin effect on SQPs were higher in spring
than in summer season. Concluded that semen collection
and preservation should be conducted from winter to spring
season (November to April) and 3 mM melatonin is more
suitable for semen cryopreservation.
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