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The present study was conducted to assess the effect of Foot and Mouth disease (FMD)
vaccination on seminal parameters such as sperm motility, livability, total morphological
abnormality, acrosomal and plasma membrane integrity and antioxidants profiles such as reduced
glutathione (GSH), glutathione reductase (GRD), glutathione peroxidase (GPD), superoxide
dismutase (SOD), catalase (CAT) and total antioxidant capacity (TAC) of semen of mithun
breeding bulls, maintained at Semen Collection Centre, NRC on Mithun, Jharnapani, Nagaland. A
total of 160 semen ejaculates of averaged 1.5 ml (1.39 +0.59 ml) were collected from eight mithun
bulls twice a week for five weeks before and five weeks after vaccination (Raksha-Ovac Trivalent
vaccine) through rectal massage method and were used to assess the harmful effects through
routine seminal and biochemical profile examination of semen. Results revealed that FMD
vaccination affected the sperm functional parameters, antioxidant and biochemical profiles
significantly (p< 0.05) in mithun bulls. Similarly, white blood cell count of mithun was also affected
significantly (p<0.05). The harmful effects of vaccination on these profiles suggested that the semen
collection and preservation should be stopped upto restoration of normal fertility of sperm to avoid

conception failure from artificial insemination using such semen in this precious species.
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INTRODUCTION

Mithun (Bos frontalis) is a free-range bovine animal spread in the
north-eastern hilly (NEH) region of India and is considered to
be originated from wild Indian gaur (Simoons, 1984). According
to livestock Census 2003, total mithun population in India is 2,
64, 279, of which, Arunachale Pradesh is home to 82.84% (2, 18,
931) of mithun followed by 12.63% (33, 385) in Nagaland, 3.79%
(10, 024) in Manipur and 0.73% (1,939) in Mizoram. Mithun
also plays an important role in the upliftment of socio-
economic life of its rearers in this region (Mondal and Pal,
1999). The recent activities to enhance the population size as an
economic beef animal and is fulfilled by its rearing under semi-
intensive system and adoption of controlled breeding
programme. In this context, it is important to standardize
effective semen collection and preservation protocol for this
mountain cattle to adopt controlled breeding and artificial
insemination (AI) programme for breed improvement of this
species.

In India, like other bovines species, mithuns are reared in
semi-intensive system suffers from various infectious diseases
like Tuberculosis, Para—tuberculosis, Brucellosis, Foot and
Mouth disease (FMD), Bovine Viral Diarrhoea and Infectious
Bovine Rhinotracheitis (IBR) (Rajkhowa et al., 2003), which
has tremendous detrimental effect on profitable mithun
husbandry practices. But mithun is affected severely with foot
and mouth disease (Dutta et al., 1979; Verma and Sarma, 1997)
with strain of Pan Asia I (OIE/FAO, 2010), O strain (Hegde et

al., 2011) and type Asia ~1 strain (Verma and Sarma, 1997) in this
region of India. Frequent outbreak of FMD is also reported in
mithun (Verma and Sarma, 1997; Barman et al., 1999).

The mithun breeding bulls are vaccinated against foot and
mouth disease as a regular prophylactic measure. There are
various reports of harmful effects of vaccination on the seminal
parameters and its quality in cattle and buffalo (Mangurkar et
al., 2000; Murugavel et al., 1997; Bhakat et al., 2010; Bhakat et
al., 2008; Pankaj et al., 2007). But no proper report in mithun
species. However, the available reports are conflicting about the
quality of semen due to vaccination in cattle. Some of them
reported that it does not have significant effect on seminal
parameters and its quality (Mangurkar et al., 2000), whereas
others were found that higher incidence of sperm abnormalities
in the vaccinated semen (Kammar and Gangadhar, 1998). These
seminal parameters and its quality may be affected by this FMD
vaccination due to vaccine stress and anaphylactic shock
(Murugavel et al., 1997) resulting from increased temperature of
the body as well as testes. But the recovery rate of semen quality
is depending upon the duration, nature of the thermal insult
and type of the vaccine.

Mammalian sperm membrane has high polyunsatured
fatty acids and sperms are very susceptible to ROS production
and affects motility and plasma membrane, acrosome and DNA
integrity (Griveau et al., 1995). The rate of generation of ROS in
testis and/or spermatozoa depends upon the temperature in
that (Tkeda et al.,, 1999) as vaccination leads to thermo stress
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causes deterioration of sperm quality. It is therefore crucial for
the male reproductive system to be well guarded against
oxidative injury. Mithun semen normally contains anti-
oxidants, including GSH, SOD, CAT, GRD, GPD and TAC can
offset lipid peroxidation (Perumal et al., 2013a; Perumal et al.,
2013b). But the concentration of these antioxidants is reduced
due to thermal stress and anaphylactic shock in vaccinated
animals (Ahotupa and Huhtaniemi, 1992) as these antioxidants
are derived from epididymis (Fouchecourt et al., 2000; Zini et
al,, 2002) and seminal vesicle (Tramer et al., 1998) into the
semen as the epididymis and accessory sex glands are thermo
sensitive and androgen dependent (Saced et al, 1994).
Moreover, the thermal stress affects the GSH oxidation and
reduction cycle in spermatozoa and seminal plasma of
mammalian semen (Ahotupa and Huhtaniemi, 1992). There was
no report on harmful effects of vaccination on semen of mithun
and to the best of our knowledge, this is the first report in this
species. Therefore the present study was planned to assess the
effects of FMD vaccination on seminal parameters and
antioxidants profiles in mithun.

MATERIAL AND METHODS

Animals and Semen Collection

Eight apparently healthy mithun bulls of 4 to 6 years of age
(5.13 + 0.91) were selected randomly from the mithun herd of
NEH region. The average body weight of the bulls from 501.25 +
6.23 Kg (493 to 507 Kg) at 4 yr to 530.50 + 7.59 Kg (523 to 538
Kg) at 6 yr of age with body condition of score 5-6 were
maintained under uniform feeding, watering, housing, lighting
conditions and management. Experimental animals were
offered daily ad libitum drinking water, 30 kg mixed jungle
forages containing 18.4% dry matter and 10.2% crude protein, 4
kg concentrates containing 87.1% dry matter and 14.5% crude
protein fortified with mineral mixture as well as required salt.
Semen ejaculates were collected by per rectal massage method
(Karunakaran et al., 2007) twice a week before and after
vaccination every week for 5 weeks, were used to study the
harmful effects of vaccination. Trivalent vaccine containing
virus serotypes O, A and Asia-1(Raksha-Ovac, Indian
Immunological Limited, India) was administered by deep intra
muscular injection route. These semen ejaculates were
subjected to evaluation for individual motility, concentration by
haemocytometer method (Tomar, 1997), livability by eosine-
nigrosine stain (Robeck and O'Brien, 2004), acrosomal integrity
by Giemsa stain (Watson, 1975) and plasma membrane

integrity by hypo-osmotic swelling test (HOST) (Buckett et al.,
1997) as per the standard procedure using microscope (Nikon,
Eclipse 80i, Japan). The antioxidant profiles such GSH, GPD,
GRD, SOD, CAT and TAC and biochemical profiles such as
total cholesterol were estimated by commercial diagnostic kits
(BioVision”, CA 95035, USA). LPO level of sperm and seminal
plasma was measured by determining the malondialdehyde
(MDA) production by using thiobarbituric acid (TBA) (Buege
and Aust, 1978; Suleiman et al., 1996). The blood sample was
collected immediately after collection of semen and counted the
total white blood cells by standard method. During the present
study, all the experimental protocols were approved by the
Institute Animal Ethics Cell.

Statistical Analyses

The results of experiment were analysed statistically and
expressed as the mean + SEM. Means of seminal parameters
such as sperm concentration, individual motility, livability,
total sperm abnormality, plasma membrane and acrosomal
integrity, antioxidant profiles such as GSH, GPD, GRD, CAT,
SOD and TAC, biochemical profiles such as MDA production
and cholesterol concentration and white blood cell count were
analyzed again by student't’ test between the pre and post
vaccination stages using the SPSS (version 15.0; SPSS, Chicago,
IL). Differences with values of p < 0.05 were considered to be
statistically =~ significant after arcsine transformation of
percentage data.

RESULTS

The effects of FMD vaccination on various seminal parameters,
antioxidants and biochemical profiles were studied in mithun
bulls and presented in graphical form. Results revealed that
FMD vaccination in mithun bulls lead to significantly (p < 0.05)
decreased individual motility, live sperm, sperm concentration,
acrosomal and plasma membrane integrity in the post-
vaccinated mithun bull (Fig. 1) whereas total sperm
abnormalities were significantly (p < 0.05) increased (Table 1).
Antioxidant profiles such GSH, GPD, GRD, CAT, SOD and
TAC were decreased whereas total cholesterol and LPO were
increased significantly (p<0.05) in semen collected from
vaccinated mithun bulls (Fig 2, 3). Similarly the white blood
count in blood (Table 1) and rectal temperature (Fig. 4) of
vaccinated mithun bull were increased as compared to the pre
vaccinated mithun bulls.

Table 1: Effect of FMD

vaccination on seminal

parameters of mithun

Parameters Pre — Vaccination = Post — Vaccination
Concentration (x10%ml)  640.62 + 20.74° 480.75 + 30.62"
Total Abnormality (%) 930+ 012" 26.60 +0.23"

Total WBC (x10°/cumm)  11.65 + 0.69* 13.74 + 1.85"

Mean in

the same rows bearing different superscripts differ significantly (p<0.05).
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In this present study, the results revealed that, vaccination of
mithun bulls has affected the seminal parameters, semen
quality, antioxidant profiles and biochemical profiles of mithun
semen and thus it affects the structures and functional integrity
of spermatozoa efficiently. The semen from vaccinated animals
is not suitable to preserve for artificial insemination.

Various seminal parameters revealed that volume, colour,
mass activity, forward progressive motility, livability, acrosomal
integrity and plasma membrane integrity are essential for
optimum utilization of semen in frozen semen bank and
artificial insemination centre. In this study, FMD vaccination
on these seminal parameters revealed significant difference (p¢
0.05) between the pre vaccinated and post vaccinated stages.
The harmful effects of vaccination in semen preservation are
due to it increases the body temperature in general, testes and
accessory glands in specifically and crossly it causes
seminiferous tubule vacuoles and reduced weight of the testis
(Xu et al., 2000).

acrosomal integrity were decreased and total sperm
abnormalities were increased significantly after vaccination was
in agreement with previous reports in cattle (Kammar and
Gangadhar, 1998; Bhakat et al., 2008; Singh et al., 2003; Bhakat
et al., 2010; Venkatareddy et al., 1991) and buffaloes (Pankaj et
al., 2007; Bhakat et al., 2010). Motility of spermatozoa develops
during their transient passage through the epididymis
(Moulikrishnan and Ramamohan Rao, 1986). Anaphylactic
effects of FMD vaccination leads to the significant rise in body
as well as testes temperature, causes derangement in
epididymal functions, storage of sperm and spermatogenesis
effectively (Venkatareddy et al, 1991) and that leads to
vaccination mediated reduced sperm motility and with similar
features of testicular hypoplasia and degeneration (Arthur et al.,
1989). Enhanced temperature could lead to raise in the
secondary abnormalities (Venkataswami and Rao, 1970) and
sperm tail and mid-piece abnormalities as in testicular
degeneration or partial hypoplasia of testes (Sullivan, 1978).
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Low sperm motility is associated with high incidence of sperm
tail defects as a result of epididymal dysfunction and poor
handling in the laboratory were reported (Rao, 1976).

Harmful effects of vaccination on sperm concentration has
been reported in domestic species especially in cattle and
buffalo (Bhakat et al., 2008; Venkatareddy et al., 1991; Singh et
al., 2003), but it has not been established completely (Pankaj et
al, 2007; Kammar and Gangadhar, 1998). The reduced
concentration of sperm in vaccinated animal might be due to
the harmful effects of therapeutic agents on germinal cells and
sperm cell resulting into increase in abnormal and dead
spermatozoa, which are phagocytosed subsequently by
leucocytes (Mann and Mann, 1981). In mithun bulls, foot and
disease vaccination has adverse effects in total motile sperm per
ejaculate and day.

The present study reports in the acrosomal integrity were
associated with reports of Saxena and Tripathi (1977) and
Gowda (1993) and they were reported that intact acrosome
percentage was decreased after FMD vaccination. The acrosome
in sperm of vaccinated bulls was either detached and/or broken
and subsequently release of acrosomal enzymes and leads to
reduction of fertilizing capacity of spermatozoa and animal.
Vaccination stress induces abnormal acrosomal development as
observed in testicular degeneration (Bane and Nicander, 1966).

Plasma membrane integrity (HOST) has significantly
(p<0.05) decreased after vaccination (Singh et al, 2004).
Because, HOST is an ideal test to detect the biochemical
integrity of plasma membrane of sperm and it is also involved in
the process of sperm capacitation, acrosome reaction and
fertilization of the oocyte (Jayendran et al,, 1984). Decreased in
percentage of HOST positive sperm was reported in scrotal
insulation with thermal stress in bucks due to rise in testicular
temperature (Antoine and Pattabiraman, 1999). Similarly,
Sivaramalingam (1994) reported that in bulls, HOS test reacting
spermatozoa were reduced after heat treatment. Thus it can be
concluded that vaccination stress affects the HOST positive
sperm percentage by affecting the biochemical structure of the
sperm  plasma, acrosomal membrane and flagella of
spermatozoa. Vaccination thermal stress induces the animal
unable to intake of poly unsaturated fatty acids (PUFA) leads
to impaired spermatogenesis and membrane transition
(Chanmugan et al., 1984) and a overflow in blood circulation of
the testis results in local heating, temperature rises to 42°C -
43°C (Mieusset et al., 1992) leads to hypoxic stress to testes and
insufficient oxygenation results formation of ROS leads to cell
cycle arrest and apoptosis (Tida et al., 2002) and it has been
shown to cause depletion of germ cells (Krakowska et al,
2006) and its function (Paul et al., 2009).

Mammalian sperm membrane has high polyunsatured
fatty acids, exhibits the sperm very susceptible to ROS by
altering of motility and membrane integrity as it changes the
phase transition of membrane of sperm and damage to sperm
DNA (Griveau et al., 1995; Perumal et al., 201la; Perumal et al.,
2011b) and ultimately affects fertility of mithun bull. It is
therefore crucial for the male reproductive system to be well
guarded against oxidative injury. Mithun semen normally
contains anti-oxidants, including GSH, GRD, GPD, CAT, SOD
and TAC that can offset lipid peroxidation (Perumal et al.,
2013a; Perumal et al., 2013b). But vaccination induces febrile
condition to the whole body and reproductive system. The rate
of generation of ROS in testis and/or spermatozoa depends
upon temperature of the testis and body (Tkeda et al., 1999) as
vaccination leads to thermo stress causes deterioration of sperm
quality. Moreover, the concentration of these antioxidants is
reduced due to thermal stress and anaphylactic shock in
vaccinated animals (Ahotupa and Huhtaniemi, 1992) as these
antioxidants are derived from epididymis (Fouchecourt et al,

2000; Zini et al., 2002) especially cauda epididymis (Mueller et
al., 1998) and seminal vesicle (Tramer et al, 1998) into the
semen as the epididymis, accessory sex glands are thermo
sensitive and androgen dependent (Saced et al., 1994). Several
lines of evidence indicate that gross impairment of the
endocrinological functions of testes in thermo stress leads to a
drastic decrease in the number of LH receptors (Risbridger et
al., 1981) and impairment of gonadotropin uptake (Sharpe, 1983)
in the testis. Moreover, a decline in the activity of enzymes
associated with androgen biosynthesis (Llaurado et al., 1963),
and decreased androgen-binding protein production (Kerr et
al.,1979) have been noted in this affected animals.

The total white blood cell count was increased in the
blood of post vaccinated mithun bulls as because the
vaccination has created the thermal and anaphylactic shock /
stress which enhanced secretion of adrenal stress hormones
(Cortisol), thus the white blood cell count was increased. The
vaccination stress has induced changes similar to degeneration
or inflammatory condition causes increased seminal
lymphocytes and macrophages mainly from the epididymis and
rete testis, whereas granulocytes are largely contributed by the
prostate and seminal vesicles (El-Demiry et al., 1985) and very
rarely granulocytes from secretions of the prostate (Schaeffer et
al., 1981). White blood cells in semen can also be an early sign of
acute epididymitis (Wolff, 1995) as seen in vaccinated animals.
If concentrations of activated granulocytes are elevated in the
epididymis, prostate, or seminal vesicles during a silent genital
tract infection, the released ROS could impair normal sperm
function (Wolff et al., 1991).  However, leukocytes are not the
only source of ROS, defective spermatozoa with an excessive
amount of residual cytoplasm can produce higher amounts of
ROS (Ochsendorf, 1999) as we have seen in the semen of
vaccinated mithun. Seminal plasma strongly quenches the
oxidative bursts released by granulocytes in response to
infection or inflammation or degeneration. Mithun with higher
antioxidant levels may tolerate larger numbers of ROS-
producing WBCs, whereas bulls without adequate seminal
plasma protection may suffer sperm damage by granulocyte
numbers as low as possible (Kovalski et al., 1992). Moreover
effective effect of antioxidant against the ROS will depend on
the source and nature of ROS; that is, whether they are
produced by abnormal, dead spermatozoa and/or neutrophils in
extracellularly or within the spermatozoa in intracellularly.

Glutathione (GSH) is the most prominent non-protein
thiol in the mammalian cells and is present mostly in the
reduced form (GSH) and only a little amount is present in
oxidized form (CSSG). GSH antioxidant system and cycle
consists of GSH, GSSG, GRD, GPD, glutathione - s -
transferase. Glutathione reductase stimulates the reduction of
GSSG to GSH. This will help to steady supply of the reductive
substrate (NADPH) to GPD.  Glucose -6- phosphate
dehydrogenase (G6PD) is intracellular enzymes and required
for the conversion of NADP to NADPH, is called GSH
oxidizing-reducing cycle in sperm and seminal plasma. It is
affected by thermal stress (Ahotupa and Huhtaniemi, 1992) due
to vaccination. In this present study GSH, GRD, GPD were
reduced in the seminal plasma of mithun as they are positively
correlated with sperm parameters suggests that this enzyme is
higher in the seminal plasma and low in the spermatozoa of the
ejaculated semen (Brown et al., 1977; Perumal et al., 2013b).
GRD has catalyses oxidation of GSH to CSSG and thus
reduction of H,O5 to H,O in the semen.

Catalase is a tetrameric protein contains four polypeptide
chains and is found in all living organisms exposed to aerobic
environment condition. This antioxidant is found in the
epididymis and seminal vesicle. It detoxifies both the intra and
extracellular hydrogen peroxide by conversion of H>O, to H,O
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and O, by eliminating the potential ROS toxicity (Aitken, 1995;
Aitken et al., 1994) and it can inhibits the loss of motility
caused by leukocyte generated ROS (de Lamirande et al., 1997).
In this present study, the concentration of CAT was decreased
in vaccinated mithun bulls because the thermo stress affects the
normal functions of testes as well as the accessory sex glands as
similar in cryptorchid testes (Ahotupa and Huhtaniemi, 1992).

Similarly, SOD dismutates the
superoxide into oxygen and hydrogen peroxide in semen. Thus,
it acts as an essential antioxidant in mithun semen. It scavenges
both extra as well as intracellular superoxide anion and
prevents lipid peroxidation of the sperm plasma membrane.
SOD dismutase (O,") spontaneously anion to form O, and
H,0,. SOD prevents premature hyper activation and
capacitation induced by ROS before ejaculating (de Lamirande
and Gagnon, 1995). In this study the concentration of SOD was
decreased in post vaccinated animals as the thermo stress
affects the normal functions of testes as well as accessory sex
glands (Ahotupa and Huhtaniemi, 1992). These findings of the
present study revealed that impaired detoxication of ROS and
concomitant oxidative stress effect may be implicated in
biochemical mechanisms responsible for testicular dysfunction
in vaccinated animals. Retaining the integrity of the highly
specialized structure should be of vital importance to sperm
function. Excess production of ROS and thermal stress induced
by vaccination can be prevented by feeding of sufficient
antioxidants in the feed as the supplement (Jayaganthan et al,
2013) and feed or adding of the antioxidants as the additives in
the semen preservation process (Perumal et al., 2012a; Perumal
etal., 2012b).

Phospholipids and cholesterol are needed to maintain the
cell physical integrity as well as ensures fluidity of the cell
membrane (Srivastava et al, 2013). Cholesterol plays an
important role in the sperm membrane because phospholipids
and cholesterol are released from the sperm membrane initiates
the key step in the process of capacitation, acrosome reaction
and fertilization (Witte and Schafer-Somi, 2007). These
changes indicate that cholesterol leaving the sperm membrane
and its binding to seminal plasma protein in seminal plasma
and female reproductive organs (Therien et al, 1998) and is
essential for fertilization and conception. Further, addition of
cholesterol to semen diluents prior to defreezing of straws
increases sperm resistance to cold stress caused by the
freezing—defreezing procedures, preserving sperm motility,
viability, acrosomal integrity and fertilization potential of
sperm (Moore et al., 2005). In this present study, in vaccinated
mithun bulls, total cholesterol concentration was significantly
(p< 0.05) higher than in pre-vaccinated bull as the heat stress
induces damages and destruction of sperm membrane followed
by a rise in dead spermatozoa that leads to a high release of
cholesterol, phospholipid and fatty acids molecules in the
seminal plasma (Phillip, 1972).

It was concluded from the present study, FMD vaccine has
more severe harmful effects on semen quality and antioxidant
profiles in mithun bulls. Vaccination results febrile reaction
causes alteration in rectal temperature, WBC profiles, seminal
parameters and antioxidant profiles as in the testicular
degeneration. Alteration of this spermiogram, antioxidants and
biochemical profiles following FMD vaccination indicates that
in this bovine, the semen collection, processing and
preservation should be stopped upto the normal fertility of
sperm is restored to avoid the conception failure and repeat
breeding from artificial insemination using such semen in
artificial insemination and frozen semen bank for mithun.
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