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ABSTRACT

The present study was designed to determine the effect of lycopene as an
additive in Hariana bull semen for cryopreservation. The study evaluated different
seminal attributes (progressive motility, liveability, HOST reactivity, acrosomal
integrity, capacitation status and sperm kinematic (CASA) after equilibration (pre-
freeze) and thawing. Besides in vitro fertility test (BCMPT), antioxidative enzymes
(SOD, GST, LPO [MDA]) were also evaluated at post-thaw stage. Eight ejaculates
collected from four Hariana bull (8X4 = 32) were evaluated for volume (ml), seminal
pH, mass motility (0-5 scale), concentration (millions/ml), progressive motility and
live percentage of spermatozoa. Upon evaluation of their parameters in the prescribed
range, the semen was used for cryopreservation. Freshly collected semen was
extended in egg yolk tris glycerol (EYTG) was divided into four aliquots and grouped
as Group I: control (without lycopene), Group II, Group III and Group IV as treatment
group with 0.25 mM, 0.5 mM and 1 mM lycopene respectively. In freshly collected
semen, significant (P<0.05) difference was observed for mean semen volume and
mass motility. Semen evaluated at pre-freeze and post-thaw stage showed that
supplementation of 0.25 mM lycopene (Group II) in semen significantly (P<0.01)
increased per cent progressive motility, liveability, HOST reactive sperm, acrosomal
integrity, uncapacitated spermatozoa and motion and kinematic parameters at both
stages. Further, 0.25 mM lycopene group showed significant (P<0.01) increased in
vanguard spermatozoa (mm/h) and decreased in antioxidative enzymes (GST and
MDA) activities.
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CHAPTER-1

INTRODUCTION

As per the latest census (2Qivestock Census, GOI, 2019), the cattle
population in the country is 192.49 million shogian increase of 0.8 % over
previous Census. The Female Cattle (Cows populatsob45.12 million showing an
increase by 18.0 % over the previous census (20M2¢. Exotic/Crossbred and
Indigenous/Non-descript Cattle population in thardoy is 50.42 million and 142.11
million respectively. The Indigenous/Non-descriggmiale cattle population has
increased by 10 % in 2019 as compared to previensus. The Cattle Population of
Uttar Pradesh in 2019 is estimated as 18.8 millglm®sving a deline of 3.93 per cent

compare to previous census.

Livestock in general and dairying in parar play a vital role in the Indian
economy and also in the socio-economic developmwiemillions of rural households.
About 70 million rural households are engaged imyitay, one of every two rural
households with women playing a vital role. Indanks first in milk production,
accounting for 20 % of world production. The averggoductivity of in milk cattle
and buffalo in the country is about 4.65 Kg/day12{6) which is far below as

compared to the productivity levels of In-milk aril® in dairy developed nations.

For increasing productivity per indigenous and nadescript cattle,
Government of India under Rashtriya Gokul Missi®GM) has proposed meassures
as (1) propagation of super elite population throWOET & IVF (2) selective
breeding among pure bred animals (3) upgradinggtiaeed cattle with pure bred
semen and (4) conversion of non-descript cattléeftned breed through upgrading.
To achieve these meassures, efficent Al delivesyesy along with more coverage of
Al network has been kept as priority.

Artificial Insemination with frozen semen has bgwoved to be the best tool
worldwide for mass genetic improvement through ehs®ation of superior
germplasm. This objective can be achieved onlyhé&@ frozen semen used in Al

programme conforms to certain prescribed qualapdards. Due to the importance of
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cryobiology in reproductive technologies, new poois are being developed and

cryo-protective agents tested for enhanced cryehglrof sperm.

During cooling, cells are exposed to harmful eSeatcluding metabolic
decoupling, ionic imbalance, activation of proteaseellular acidosis, deprivation of
energy, membrane phase transition, destabilizatbdnthe cytoskeleton, and
production of free radicals or reactive oxygen sgge(ROS) whereas during freezing,
sperm are predisposed to detrimental effects of aogstal formation, hyper-
osmolarity, alterations in the cell volume, andtpno denaturation (Baust et al.,
2009).

Seminal oxidative stress may result in lipid pedation (LPO), DNA
fragmentation, alterations to the cellular commathan and enzymatic pathways
(Aitken et al., 1989; Aitken and Koppers, 2011),iethin turn are correlated with
motility loss, alterations of membrane fusion egefitken et al., 1989), poor
fertilization rates or impaired embryogenesis (Ba&ed Aitken, 2005; Lewis and
Aitken, 2005). Studies have shown thatvitro supplementation of hydrophilic or
lipophilic antioxidants may have positive effects aritical semen parameters
including sperm motility, membrane and DNA integri{Twigg et al., 1998).
Moreover, antioxidants may protect spermatozoa fR@S produced by leukocytes,
reduce cryodamage to spermatozoa, block premgterensmaturation and provide an
overall stimulation to the male gamete (Sheweitalgt2005; Bansal and Bilaspuri,
2011).

Plants and animals have a complex system of meltyges of antioxidants
such as vitamin C and vitamin E, as well as enzymsesh as catalase (CAT),
superoxide dismutase (SOD) and various peroxidgstamid et al.,, 2010).
Antioxidants in the form of micronutrients (vitamit) vitamin C, beta cartone) cannot
be manufactured by body and required supplementaticnormal diet. As per the
source of antioxidants they are classified as étymal and (2) synthetic type. Natural
antioxidants are either synthesized in human badyre supplemented from natural
sources. The natural antioxidants are further ifladsas (i) enzymatic (eg superoxide
dismutase (SOD), catalase (CAT), glutathione pelisgi (GPx)) and (ii) non
enzymatic eg minerals (Fe, Mg, Se, Cu, Zn, Mngmins (A, C, E), caretinoids (beta

carotene, lycopene, lutein, zeaxanthin), polype(miscumin).
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Lycopene is a carotenoid (highly unsaturated hyahtman) which can be
found in tomatoes, watermelon, papaya, red grapgfrapricots, and guava, and
gives their red color (Kong et al., 2010; Gajendidi@r et al.,, 2014; Mozos et al.,
2017). Lycopene from natural plant sources exised@minantly in an all-trans
configuration, the most thermodynamically stablenfo(Zechmeister et al., 1941;
Nguyen and Schwartz, 1999). Lycopene is one of iiest potent antioxidants
(DiMascio et al., 1989; Miller et al., 1996; Mortssan and Skibsted, 1997; Woodall et
al., 1997) with a singlet-oxygen quenching abitityce as high as that gfcarotene
and 10 times higher than thatotocopherol (DiMascio et al., 1989).

The molecular formula of lycopene, is C40H56 (molac mass as 536.873
g/mole) has an acyclic open chain structure cangisif 13 double-bonds. Two of
them are non-conjugated and eleven are conjugatedlel bonds, thereby building a
chromophore responsible for the characteristic radojor and the antioxidant

properties of lycopene (Shi and Maguer, 2000).

Lycopene provides the ability to intervene in reawd initiated by free
radicals, like OH- or peroxy radicals (Stahl an@s$i2003). Due to its polyene
structure, providing an electron-rich system, ly@o@ is an eligible target for
electrophilic reagents. Thus, it performs an uttestreactivity towards oxygen and
free radicals (Ronsein et al., 2006).

In view of the paucity of literature on effect gtbpene in Hariana bull semen

preservation, the study was designed with followobgectives:

OBJECTIVES

* To study the effect of lycopene on physio-morphglogroperties of
cryopreserved Hariana bull spermatozoa.

* To study the antioxidant activity of lycopene oryapreseved Hariana bull

semen.






CHAPTER-2

REVIEW OF LITERATURE

In order to double farmer’s income, several efftidse been made to increase
the milk production of cattle and buffalo in Ind&idespread use of frozen semen of
high genetic merit bulls through artificial inseration is the key component in
achieving the goal. A significant progress has bemale in refining and perfecting
the technique of cryopreservation for maximizing trecovery of spermatozoa.
Detailed studies on cooling rates, equilibrationitig, freezing protocol, thaw rates
and their interdependence have been studied foreasmg the viability of
spermatozoa thus, maximizing their availabilitysuking in optimum prolificacy of
germplasm from the selected bulls. Several reseschave tried to improve the
frozen semen quality, minimizing the post thaw disc rate and enhancing
conception rate by using different additives likezymes, antioxidants, proteins,

vitamins, carbohydrates, amino acids, hormones, etc

The present study deals with addition of lycopemai¢xidant) to Egg Yolk
Tris Glycerol (EYTG) semen extender. Related lit@r@ and corroborate reports from
India and abroad have been reviewed and predietsstirdy of Hariana bulls in
respect of standard semen characteristics like ressye motility, viability,
membrane integrity, acrosomal abnormalities in thesh, pre-freeze (post-
equilibration) and post-thaw stages under the ¥ahg heads and subheads.

2.1 Cryoprotectantsin semen cryopr eservation
2.1.1Egg Yolk

A common ingredient of mammalian semen extend@ratect sperm against
initial cold shock.lt seems to increase the sperm fertilizing abilitty ambient
temperature (Shannon and Curson, 1983) and apfmearevent sperm cell damage

during cooling and freezing (Phillips and Lardy409De Leeuw et al., 1993).

It is generally used at a concentration of 20% )(iivextender and evidences
indicate that low-density lipoproteins (LDL) andgspholipid (lecithin) components
of the egg yolk are responsible for sperm protecti@oussa et al., 2002; Amirat
et al., 2005; Purdy, 2006).
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Cold shock is the process whereby the lipid biH{ayethe spermatozoa is
altered, due to rapid changes in temperature (Hastett et al., 1990). This rapid
change in temperature can be due to many factaisagdgemen processing. Cold
shock occurs most frequently when undiluted seme302C or above is added to a
pre-cooled (5°C) diluent, or allowed to come intmtact with pre-cooled glasswares
or instruments, and when transferring a small v@lwhsemen in a holding container
to a pre-cooled water jacket to cool the semen°@ (BVatson, 1981). The effect of
cold shock is much more evident in the cells in eenthan on cells in diluents
containing egg yolk or other lecithin and lipoptiateontaining materials (Salisbury
and Van Demark, 1961).

Swanson (1949) reported that 10% of egg yolk wdfcsnt for protection
against cold shock; motility was lowered at thigele The reduction in motility was

not evident at 20% of egg yolk level.

Singh et al. (2007) reported that egg yolk was dbleeduce the heparin
binding protein mediated cryoinjury in spermatoz@me of the mechanisms of
protection of spermatozoa from cryoinjury by egdkymay be due to inhibition of

lethal action of heparin binding protein on therspetozoa.
2.1.2 Glycerol

Pace and Graham (1974) reported that freezing lzanglirng bovine semen in
an egg Yyolk-based extender without glycerol vyieldegher percentages for

spermatozoal motility as compared to extenders osex of glycerol alone.

Fahy (1986) used glycerol concentrations betwe@bN.(2.25 %) and 1M
(9 %) for freezing of semen and reported toxicigydnd this concentration. Miller
and Van Demark (1954) while working with glycereVéls ranging from 5 % to 40 %
observed that a level of 7 % resulted into optimaurvival after freezing. The 7 %
level has also been found superior by Jones €19%6) in comparison to 10 % and

15 % levels.

Abbas and Andrabi (2002) used glycerol in differemcentrations (2, 4, 5, 6,
7, 8, 10, or 12) % in the buffalo semen samplesngamore than 65 % progressive
motility. Mean sperm longitivity was highest for B, or 8 % glycerol, intermediate
for 4, 5, or 10 % and lowest for 2 or 12 %. Thespla membrane integrity of

spermatozoa was least protected when frozen ind %% glycerol and concluded

5
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that glycerol concentration of 6 or 7 % may beahl#é for cryopreservation of bovine

semen.

Furthermore, use of an egg yolk based extendeonmbmation with glycerol
resulted in higher percentages of spermatozoaitydtiin for extenders with the use
of either egg yolk or glycerol alone (40, 24, and3respectively). Their results
suggest that both the egg yolk and the glycerdatitsas of the extender are involved
in protecting spermatozoa during cryopreservatiot iaclusion of both fractions is
imperative for obtaining adequate spermatozoa ityopibst-thaw.

2.2 Antioxidants

Spermatozoa are affected by many factors duringppceservation, like
temperature, change in the environment, osmotsstitoxic effect of cryoprotectants
and formation of ice crystals (Watson, 2000; Lakt 2010). Oxidative stress is one
among them due to imbalance between free radicatdtion and the antioxidant
defense, thus causing the tissue damage (De Lageiranal., 1997; Watson, 2000).
Oxidative stress (OS) refers to a disturbance enbildance between the production of
reactive oxygen species (ROS) (free radicals) hadihtioxidant defense that helps to

counteract or detoxify their harmful effects.

The freezing thawing procedures of cryopreservatiom known to produce
ROS in sperm samples. Exposure of semen to coldkstwod atmospheric oxygen
during cryopreservation increases the suscepyitdilipid peroxidation (LPO) due to
higher production of ROS (Bucak et al., 2008; Baasd Bilaspuri, 2009).

Antioxidants such as lycopene, taurine, hypotaymntamin E, vitamin C etc
have been added to the extender to increase th&taree of the cells during
cryopreservation. A compound such as superoxidendese or glutathione also
serves as physiological antioxidants and providssstance to spermatozoa against
oxidative stress (Cabrita et al., 2010). It balantte lipid peroxidation with the help
of the antioxidants existing in the semen by préwgnthe excessive production of
free radicals (Alvarez et al., 1987; Aruoma et H388; Aurich et al., 1997; Bucak and
Tekin, 2007). Thus, provides protective effect persn (Aurich et al., 1997; Foote
et al., 2002).

Lycopene is a lipophilic carotenoid with both amtdant and pro-oxidant

activities (Young and Lowe, 2001). It is the maaratenoid in tomatoes, also present

6
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in guava, watermelon, pink grapefruit and papayahSand Sies, 1996). Lycopene is
most likely involved in the quenching of singlet lexular oxygen and the trapping of
peroxy radicals and thereby contributes to theqatain of cells and tissues against
the harmful effects of lipid peroxidation (Bucak &t, 2015). It can also act on
various other free radicals, including hydroxyl icadls, nitrogen dioxide and
hydrogen peroxide (Rao and Agarwal, 1999). Dudagdipophilic effect, lycopene is
accumulated in the membranes of cells and lipopretand creates a considerable
affect within cells (Rao and Agarwal, 1999). Thei@adant activity of lycopene is
mostly catalytic (Stahl and Sies, 1996, 2003; Velman et al., 2004).

Lycopene acts by donating its electrons to freegeryradicals thus quenching
and neutralising them before they can damage ¢kkdkel et al., 2011). Thus,
lycopene has been attributed a role in preventingades caused by oxidative stress,
such as certain cancers, cardiovascular diseasesgil Agarwal, 1999; Kong et al.,
2010; Mordente et al.,, 2011) and infertility (Paland Naz, 1996). In effect, oral
lycopene supplements have been reported to impghavguality of human (Gupta and
Kumar, 2002) and chicken spermatozoa (Mangiagalkle 2010). Several studies
have demonstrated that sperm motility, membraregiity (Uysal and Bucak, 2007;
Bucak et al.,, 2015) and DNA integrity (Zini et a2010) can be improved by the
addition of lycopene to diluents. Akalin et al. {B) reported that adding lycopene at
0.5 and 2 mM improved sperm quality and reducedlaiire stress parameters in
cooled-stored ram semen. Lycopene has been reportegve promising results for
the conservation of fowl (Mangiagalli et al., 201Rpsato et al., 2012) and bull
spermatozoa (Tuncer et al., 2014; Tvrda et al.620%rda et al., 2017).

2.3 Physico-morphological attributes

Studies on physico-morphological attributes of sem@l help in identifying
good quality ejaculates. Observation of semen velults sperm-cell concentration
and motility are necessary to provide a gross edérof reproductive performance of
a bull and more particularly to establish the noesi involved in extension and storage
(Salisbury et al., 1985). Accurate screening ofgidgrmorphological attributes of the

ejaculates allows elimination of bulls with a pdtahlow fertility.
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2.3.1 Color and Consistency

The color and appearance of semen depends on thigenwf sperm cells in a
given volume of seminal fluid. The colour of norns@men ejaculate of bulls varies
from milky white to creamy white. Abnormal color semen denotes pathological
conditions of genitalia. In pathological conditiotiee color of semen gets changed
like reddish or pinkish color indicates blood orgdeerative tissues in the genital
tract, yellowish color indicates presence of pusiane in the semen, and brownish
colored semen probably due to blood pigment magtiserved in orchitis.

Shukla and Bhattacharya (1949) reported that, émeea of healthy bull is
milky white and yellowish milky in color and conwscy is either thick or thin. The
semen color of Thai swamp buffalo is milky to crgamhite (Koonjaenak et al.,
2007). The Sahiwal bulls produced thicker semen ti& bulls with no significant
variation in color and consistency either betweeged or within age group (Ulfina
and Raina, 2002). Semen that is uniform, opaquethiott is relatively high and
which is clear and translucent is relatively low sperm concentration. Kodagali
(1962) also reported that, thicker semen samplésahhigher sperm concentration
and thinner semen samples had a lower sperm caoatient Corneo (1946) after
observing the seminal traits reported that yellaorcis normal characteristics of
semen of many bulls and in no way influences tinlifg of a bull. Lemon colour in

semen of some individuals is due to flavin compauespecially riboflavin pigments.
2.3.2 Ejaculate volume

This is an important parameter of semen evaluamhis not only important
for extensive utilization of semen in Artificial $emination but to some extent, has
been positively correlated with fertility (Wigginst al., 1953). Ejaculate volume
varies from breed to breed and within a breed fiart to bull (Rao et al., 1996).
Ejaculate volume is probably a breed characteristtbich depends upon the
body/scrotal size and weight, reproductive heatthddtion of bulls, exercise, age of
bulls, method and frequency of collection, teaspgpled volume, nutrition, season
and management (Nazir, 1988). The semen volumenerglly less in young and

small sized bulls. Teasing increases the ejacutatene.

Fiaz et al. (2010) reported that ejaculate volumes wgignificantly lower
during summer in HF bulls, whereas, it was high®20Z5 + 0.03 ml) during wet
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summer in Jersey bulls compared to other seasonkhdi swamp buffaloes average
volume of semen varies between 3-4 ml (Koonjaertakl.e 2007). The ejaculate
volume of semen in Sahiwal bulls varies from 3.2%100 ml. Average neat semen
volume of Murrah buffalo bull has been reporte®@&+0.21 ml (Saini et al., 2016).

2.3.3 Seminal pH

The pH is determined by acidic secretion of thesfate gland and alkaline
secretion of seminal vesicle. pH of semen is thdication of semen quality. An
increase or decrease in pH of semen has been pto\ms detrimental to the sperms
in terms of motility and fertility (Purdy, 2006).

Shaha et al. (2008) found that the pH of Friesiarss Zebu varied from 6.1
to 6.5. In Hariana bulls the mean pH has been tegas 6.84+0.04 (Sachan, 2013),
6.70+0.06 (Yadav, 2018) and 6.58+0.03 (Rathore9201

2.3.4 Sperm Concentration

It is highly variable semen characteristic whichrreotly determines the
number of spermatozoa per ml of semen. Sperm ctnat@m in semen collection
could be considered as an initial indicator of senggality in semen used for
cryopreservation (Belorkar et al., 1988; Shelke &ximmi, 2001). When combined
with volume of the ejaculate, this quantity of spatozoa determines number of
females that can be inseminated, each with thenapthumber of sperm cells (Hafez
& Hafez, 2000). The concentration of the spermadozaries with breed, growth and
maturity of bull, number of false mount, frequenaly collection and reproductive

soundness and the size of testes.

The sperm concentration in a bull ranges betwe@2500 millions/ml with
an average of 1200 millions/ml (Roberts, 1982). &@pe and Ganguli (1973)
reported the sperm concentration of Zebu bull seazed091.8 x 10per ml which

was higher than that of buffalo bull semen (578 Bfper ml).

A lot of variation in the sperm concentration haet observed by different
workers (millions/ml) in Hariana bulls are depictedhe table as follows:
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Breed Concentration (millions/ml) References
Hariana 1262.50 £ 41.69 Sachan (2013)
Hariana 1403.83+95.13 Patel (2014)
Hariana 1479.42+96.32 Yadav (2014)
Hariana 1457.83+70.69 Verma (2015)
Hariana 825.66 + 27 Yadav (2018)
Hariana 1867.71+£72.03 Rathore (2019)

2.3.5 Sperm Moatility

It is one of the most reliable parameter to evaluhe fertilizing capacity of
bovine spermatozoa (Correa et al., 1997; Zhand.etl898; Verberckmoes et al.,
2002). However, not only sperm motility, but alke movement characteristics of the
sperm can be important and correlated toimhevo fertility in bulls (Januskauskas et
al., 2000). Sperm motility is known to be preregeifor penetration through cervical
mucus (Mortimer and Swan, 1999), the cumulus (Tlesatr al., 1990) and zona
pellucida (Green, 1988).

Mass motility and individual motility are two meiti® of assessing sperm
motility which are traditionally employed. Salamand Maxwell (2000) proved that
frozen-thawed semen contains only 50 % of motilerm@atozoa in comparison with
fresh semen. Sperm motility requires adenosinédd@sphate (ATP) which is produced
by mitochondria (10 %) and by anaerobic glycolysishe sperm tail (90 %) (Mukai
and Okuno, 2004).

2.3.6 Mass Motility

The mass motility of semen is generally assessedraged estimate of the
vigor of swirls and waves formed in undiluted seraeder low power of microscope

(10x objectives) and expressed on 0 to +5 scale.

Tomar et al. (1966) observed the initial sperm hptin Hariana and Murrah
bull semen as +3.5 and +3.8 respectively. Othgyerted the average mass motility
of Hariana bull semen between 3.92+0.10 to 3.88t({Hatel et al., 2015). Mass

10
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motility observed by different workers in Harianallb are depicted in the below table

as follows:

Breed Mass motility (0-5 scale) Reference
Hariana 3.38+0.13 to 3.75+0.16 Sachan (2013)
Hariana 3.88+0.14 to 3.92+0.10 Yadav (2014)
Hariana 3.60+£0.05 Verma (2015)
Hariana 3.67+0.08 Yadav (2016)
Hariana 3.83 +0.08) Yadav (2017)
Hariana 3.56 +0.06 Yadav (2018)
Hariana 3.50+0.11 Rathore (2019)

2.3.7 Progressive Motility

Individual motility refers to the percentage of gressively motile sperm in
the semen sample. Progressively motile spermatqgeosides an accurate prediction
of semen quality required for fertilization (Las|e}951; Tomar et al., 1966). The
Progressive motility of sperm is significantly celated with per cent live sperm, cold
shock resistance, freezability and fertility. Oeddry motility is normally seen in
aged sperms, which have exhausted all energy @dnathe verge of death. Sperms,
which have suffered either thermal shock or osmsiiock due to dilutor not being
isotonic, show circular motility. The progressivetitty is also reported to decrease

with the increase in dilution rate.

Mammalian semen motility is affected by cryopreséion of sperm and
enhanced the production of ROS molecules throygt peroxidation (Chatterjee et
al., 2001).Addition of lycopene @ 1.5 mM/liter to the semeneexier led to higher
sperm motility and progressive motility in companswith the control (P < 0.001)

following freezing and thawing (Tvrda et al., 2017)

Bucak et al. (2015) compared the effect of lycopané resveratrol on post-
thaw bull spermatozoa. Lycopene was added at aeotration of 0.001 gm/ml. The
result revealed a significant increase in motilipypgressive motility compare to

control.

11
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Tuncer et al. (2014) studied the cryoprotectiveee® of Lycopene and
Cysteamine in Holstein bull semen. Lycopene in aceatration of 500ug/ml in the

tris egg yolk based extender results in a significacrease in motility.

Akalin et al. (2016) treated the ram semen witliedént concentrations of
lycopene (0.5, 1 and 2 mM) and reported that Igogpat 0.5 mM led to higher
motility rate (62.50 + 1.11%), when compared toolyene at 2 mM dose (49.16 +
4.72%) at 72 h of liquid storage (P < 0.05).

Tvrda et al. (2016) studied antioxidant efficienaylycopene on oxidative
stress in Holstein Friesian bulls spermatozoahis $tudy spermatozoa were washed
out of fresh bovine semen, suspended in 2.9 % sodiilrate and subjected to
lycopene treatment (0.25, 0.5, 1 or 2 mmol/L). Thwdy revealed that
supplementation of 0.5-2 mmol/L lycopene resultedai significantly increased
motility and progressive motility in comparison lithe control and this process is a

dose and time dependent phenomena

Ren et al. (2018) studied the effect of lycopenecmgopreservation of
Cashmere goat sperm. The study revealed a sigmifieffect of lycopene at a
concentration of 1.0 mg/mL compare to control foersn motility. The study further
suggests that addition of alpha-lipoic acid at acemtration of 1Qug/mL potentiate

the effect of lycopene.

Usually the progressive motility of a good semema should range
between 50 % to 90 %. Progressive motility as regbby various workers for

Hariana bulls are as follows:

Breed Progressive motility (%) Reference
Hariana 76.63 +1.45t0 79.38 + 1.19 Sachan (2013)
Hariana 87.83 £0.58 to 87.92+ 0.68 Yadav (2014)
Hariana 77.83+£0.64 Verma (2015)
Hariana 86.40 £ 1.25 Yadav (2016)
Hariana 82.97+ 0.55 Yadav (2018)
Hariana 83.93+1.07 Rathore (2019)
Hariana 85.89+0.50 Gupta (2020)
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2.3.8 Live Sperm Percentage

Live and dead count of spermatozoa could be difteated by their ability to
be stained by eosin-nigrosin dye. Supravital stgins based on the fact that the
membrane of dead spermatozoa permits the passape oféd stain (eosin) into the
cytoplasm, but the membrane of live spermatozoa doé permit that. Thus, all dead
spermatozoa in ejaculate will be coloured, whilee lispermatozoa will remain
colourless. Dead spermatozoa were found to be esta{eosinophilic) and live
spermatozoa not stained (non-eosinophilic) by tyee @here is a positive correlation
between the motility and the percentage of liversgozoa (Hafez & Hafez, 2000).
Season is one of the most important factors infiirenthe reproductive performance
of breeding bulls and it exerts its effect throughcro and micro climatic factors like
temperature, humidity, rainfall, photo-period (Mahet al., 2000). The live percent
of spermatozoa in a semen sample is affected bgiespand bulls within the same
species (Saxena and Tripathi, 1978, 1981), ejaetlatuency (Nath et al., 1991), age
of bull (Menendez et al., 1978), sex libido, nudral status (Tripathi and Saxena,
1983) and season (Dhami et al., 1987).

All live spermatozoa are not necessarily motile, tstal numbers of live
spermatozoa in semen ejaculate are found to beelhitjian the total motile

spermatozoa (Tomar, 1967).

Saxena et al. (1978) reported that, higher nonaegsiilic sperm percentage is
an indicator of greater chance of survival in aféwubr in a female genital tract
resulting in increased conception rate. A decreaskvability was observed with

increased post thaw storage duration.

Bhalde et al. (1991) reported non-eosinophilic petovalue of 60.76 +0.68
and 57.64 = 0.78 in post-thawed semen after thaatngs°C for 30 sec and at 5°C
for 5 min, respectively. A decrease in livabilityasv observed with increased post

thaw storage duration.

Rao et al. (1996) reported that semen of Ongolelsbhiad 84.60
noneosinophilic sperm percentage which was highem tlersey with 83 percent and

Jersey x Ongole with 83.6 percent.

Paudel (2002) reported the percent live spermatazdle fresh ejaculate of
crossbred bull semen (HF x Hariana) as 82.8 £ 0.79.
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Uysal and Bucak (2007) studied the effects of @ddi glutathione, bovine
serum albumin, cysteine and lycopene on the qualifyozen-thawed ram semen and

reported that lycopene @ 800 pug and 1600 pg haefibe effect on liveability.

Bucak et al. (2015) compared the effect of lycopané resveratrol on post-
thaw bull spermatozoa. Lycopene was added at aeotration of 0.001 gm/ml. The
result revealed no significant effect of lycoperempared to control. Similarly,

Rosato et al. (2012) have reported non signifieffieict of lycopene.

The various reports for live sperm (Mean + S.E.}the fresh ejaculate of

Hariana bull by different researchers has beenasdaias under

Breed Live Sperm (%) Reference
Hariana 84.75 +2.521090.38 £+ 0.91 Sachan (2013)
Hariana 94.99 + 0.481t0 95.17 +0.37 Yadav (2014)
Hariana 85.00 £ 1.26 Verma (2015)
Hariana 93.85 +0.68 Yadav (2016)
Hariana 87.49+1.09 Rathore (2019)
Hariana 89.92+0.46 Gupta (2020)

2.3.9 Hypo Osmotic Swelling Test (HOST)

Evaluation of functional integrity of the mammaligperm membrane is of
vital importance as it plays a significant rolefamtilization as well as in the sperm
metabolism because a correct change in the prepesfi membrane is required for
sperm capacitation, acrosome reaction and bindinthe spermatozoa to the egg
surface for which a biochemically active membraseraquired (Jayendran et al.,
1984; Chan et al., 1985). The principle of the H&Say is based on fluid transport
across the sperm tail membrane under hypo-osmotidittons until equilibrium is
reached. Due to this influx of fluid, the tail exls and bulges and expresses a
characteristic pattern, considered as a hypo-osmesiponse, which can readily be
identified with phase contrast microscope (Caleital., 1999). Such spermatozoa are
denoted as swollen or HOS reactive (HOS +). Spernoat with functionally defected
membrane do not swell and denoted as HOS negatiwednd Liu, 2000). HOST has
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a high correlation (0.80 in cattle and 0.93 in bldj with fertility (Goswami, 2006).
The assessment of the membrane may be a usefahiodof the fertilizing ability of

spermatozoa (Barrat et al., 1989; Avery et al. 0)99

Keel and Webster (1990) reported that membranayrityeis important for
sperm metabolism, motility, capacitation, acrosoreaction and the binding of

spermatozoa to the egg surface.

Takahasi et al. (1990) hypothesized that the ghalitthe sperms to swell in
hypotonic solution indicates its membrane integaityl normal function activity. The
appropriate osmotic pressure to form maximum taflscare reported as 150mOsm
for human (Jayendran et al., 1984), buffalo (Shuktal Mishra, 2007) and bull
(Kathiravan et al., 2008).

Kumi Diaka (1993) reported that plasma membranet i@sntact for normal
sperm function and intactness of the plasma merelgaaf vital importance and it is

tested using HOS tests.

Muino et al. (2007) while working on ten Holsteimidsian bull reported
percentage of HOS positive spermatozoa as 40.9@3dat 0 and 9 h of incubation at
37°C.

Uysal and Bucak (2007) studied the effects of @ddi glutathione, bovine
serum albumin, cysteine and lycopene on the qualifyozen-thawed ram semen and

reports higher concentration of lycopene havingatieg effect.

Ramachandran et al. (2007) reported that testshwhialuate the sperm
membrane functional status like acrosomal intedesg, HOST are highly interrelated
with the fertility of bulls. HOST is used as prelmary test to estimate the functional
integrity of the sperm membrane (Srivastava and &u2006; Gebreselassie, 2009).

Khan and ljaz (2008) reported higher (P< 0.05) psnembrane integrity in
frozen thawed semen at 50, 100, 150 mOsm/L as cmupaith 250 mOsm/L

solution.

ljaz et al. (2009) reported HOS positive spermatogercentage as (44.5+3.0)

in post thawed semen of Nili-Ravi buffalo bull.

Perumal et al. (2013) observed percentage of hgpwotic swelling positive

sperm in Jersey crossbred bulls. They selectedI$ Wwith good body condition and
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divided them into two groups based on the semihakacters i.e. good and poor
freezable bulls and reported the values as 85.42+@&nd 80.38+0.32 percent

respectively.

Rajoriya et al. (2014) observed ths#ason had significant effect on HOST
positive spermatozoa as evidenced by significa(Rky0.01) higher HOST positive
spermatozoa observed in winter season. The higilee wf HOST positive indicates
higher percentage of membrane integrity of thersp&yzoa. The higher percentage
of HOST positive spermatozoa in Tharparkar bull serthan crossbred bull semen
(Loyi, 2007 and Gebreselassie, 2009) is an indieaif superiority of Tharparkar bull

semen over crossbred semen.

Yadav (2017) reported percentage of HOS positiegrsptozoa as 72.79+0.85
at pre-freeze and 62.46+0.76 at post thaw stageYiMG extended Hariana bull

semen.

Yadav (2018) reported percentage of HOS positiegrsptozoa as 74.21+0.69
at pre-freeze and 63.96+£0.52 at post thaw stageYiMG extended Hariana bull

semen.

Ren et al. (2018) studied the effect of lycopenecigopreservation of
Cashmere goat sperm. The study revealed a sigmifieffect of lycopene at a
concentration of 0.5 to 4.0 mg/mL compare to cdnfim@ HOST responsive
spermatozoa. The study further suggests that addif alpha-lipoic acid at a

concentration of 1Qg/mL potentiate the effect of lycopene.
2.3.10 Acrosomal Integrity

Acrosomal integrity is another necessary indicatdr potential sperm
functions. Acrosome, a cap like structure on thedhef the spermatozoa covers 60%
of the anterior portion of the sperm head. Capacitaand the subsequent acrosome
reaction of spermatozoa are the essential stemsebédrtilization and formation of
zygote. The determination of acrosomal integrityspérmatozoa by single Giemsa’s
staining technique is an essential tool to evaldetilizing capacity of the semen.
Presence of normal acrosome is important for ssbagescrosome reaction and

ultimately fertilization (Bailey et al., 2000).

Wells et al. (1970) reported that acrosome playsital role in ovum
fertilization by dispersing the enzymes into théerstitium of the zona cells. The
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abnormal acrosomes such as knobbed, ruffled, swotlenuded, incomplete and
shrunken may cause leakage of membrane bound eszyeselting into poor

conception rate. These workers observed an acréosdanaage between 12.7-29.3
percent in crossbred bulls.

Anderson et al. (1990) studied the relationshipwben three types of
acrosomal aberrations of bull spermatozoa and tii&s lhertility, and suggested that
the acrosome morphology was worth of evaluatingnduroutine morphological

analysis of bovine semen.

Fiser and Fairfall (1990) did not find any correat between motility and
acrosomal damage. However Goswami, (2006) repdhadacrosome reaction test
has a high correlation (0.91 in cattle and 0.7 buffalo) with fertility. Thundathil
et al. (2000) studied the effect of knobbed acrasdefects in bovine sperms on IVF
and embryo production. They concluded that knobhe@some sperm completely
failed to penetrate the zona pellucida. They alsocluded that knobbed acrosome

defect as uncompansable defect and these defeatsrsidered.

Thundathil et al. (2001) studied flattened or inéenacrosome defect and
reported that sperm with flattened acrosome hashdeincy to undergo spontaneous
acrosome reaction. Thus, have a reduced abilitfuse with oolemma. Thus, the
ability to penetrate ooplasma and undergo spernoncatin decondensation was
impaired.

Thundathil et al. (2002) reported that spermatoaita knobbed acrosome
defect have impaired plasma membrane function, hwhicedisposes them to
premature capacitation and spontaneous acrosonstioreaon incubation after
thawing.

Yadav (2017) reported value of acrosomal intactrepéozoa as 78.42+0.87 at

pre-freeze and 66.58+0.92 at post thaw stage indc¥Xtended Harana bull semen.

Tvrda et al. (2017) used lycopene in the concantraif 1.5 mM and found a
positive effect of lycopene. The average acrosamagrity recorded was 85.20+0.42
per cent. Similarly, Al- Sarray et al. (2019) haeported a positive effect of lycopene

on acrosomal integrity.
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2.4 Chlortetracycline Fluorescence (CTC) Assay

Capacitation is a collective term for the changdsciv a sperm undergoes
when it comes in contact with female genital tri@athi et al., 2001). These changes
include reorganization of membrane proteins, menmdrghospholipid metabolism
and reduction in membrane cholesterol levels (Yemachi et al.,, 1994).
Capacitation changes the distribution of?Ci sperm head, plasma membrane
causing change in CTC fluorescence patterns innspdepending upon the
physiological status of sperm (Yanagimachi et H94). On comparing sex sorted
spermatozoa with fresh, in vitro capacitated anditio acrosome reacted sperm, sex
sorted sperms showed a CTC staining pattern sirtoléhat observed after in vitro
capacitation. The actin pattern distribution afsgrerm sorting also tended to be
similar to that observed after in vitro capacitafibut this effect was more distinct in

bull than in boar spermatozoa.

Cryopreserved sperm cells exhibit a capacitatika liehaviour and appear to
be in a partially capacitated state due to the prmggervation induced membrane
changes that makes the cell to be more active éo #nvironment after thawing.
Capacitation normally creates a state of destalbitim with which the sperm cell
acquires the fertilizing capacity while remainingusseptible to membrane
degeneration and spontaneous acrosomal reactiom Werglization fails (Bailey
et al., 2000). Cryopreservation creates a subptpolaf killed and partially or fully
capacitated sperm thereby reducing the heterogeatithe sperm population. This
produces a sperm subpopulation with a shortenexbp#n in vivo and whose
fertilization potential has been severely compraujsreducing the fertility of the

semen sample as a whole.

Demonstration of capacitation or capacitation selagtructural modifications
through fluorescent labeling of sperm surface amisg(Byrd, 1981) has been used to
demonstrate capacitation. The evaluation of cagtaait by changes in the expression
and/or distribution of cell surface molecules bgirsihg with chlortetracycline have
been used as a method of choice for the semenwviridooThis was first performed
with mouse spermatozoa (Ward and Storey, 1984)vwaasd subsequently applied to

human (Perry et al., 1995) and bull (Fraser etl&B3) spermatozoa.
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Chlortetracycline is an antibiotic, the fluoresceraf which changes when it
chelates membrane associated divalent ions (maallsium) (Hallet et al., 1972).
The technique offer the advantage of measuringciljrethe percentage of
noncapacitated, capacitated and acrosome reactednajzoa in the same
preparation.

According to Fraser et al. (1993) and Maxwell amthnkon (1997) sperm
population can be classified into 3 different catggs based on CTC fluorescent
patterns:

F-pattern:  Uniform fluorescence on the sperm head (uncagiedt intact

spermatozoa)

B-pattern:  Fluorescent acrosomal region and fluoresceemt st acrosomal area
(capacitated sperm)

AR-pattern: Acrosomal and post-acrosomal region are fluaese -free except a
thin fluorescent band at the equatorial region ds@mal reacted

sperm)

Based on flow cytometric analysis of CTC staineecdrsp Maxwell and
Johnson (1997) observed that, pattern B reflectenlmnane destabilization and
calcium influx to the cell. Thus the CTC patterrflBorescence induced by cooling
and cryopreservation appears to be related to spepacitation in the functional
sense, as these treatments favour sperm fertdizati vitro. According to Parrish et
al. (1999), in bovine sperm an increase in intdatai calcium accompanies heparin-
induced capacitation in vitro.

Visconti et al. (1998) speculated that during c#pson, membrane
modifications stimulate adenyl cyclase to initiatgclic adenosine monophosphate
mediated tyrosine phosphorylation of sperm protefgthermore, elevated sperm
calcium levels are thought to trigger an intradalusignaling cascade that has

recently been related to capacitation.

The acrosome reaction seems to be an absoluteeetgnt for fertilizatiorin
vivo. Only acrosome reacted spermatozoa has the atwlipass through the zona
pellucid and later on fuse with the oocyte membranform a zygote (Yanagimachi
et al., 1994). In capacitated spermatozoa, thesaaomne reaction results in loss of the
acrosomal cap which can be visualized readily gtlimicroscopy in those species

19



Review of Literature

that have large acrosomes (guinea pig and hambtewever, in most mammals, the

acrosome is small and difficult to visualize.

Thus, a number of different staining techniquesehéeen developed for
visualization of mammalian sperm acrosome, like o$emultiple histochemical
stains, labeled lectins and labeled antibodies likye 1978). CTC fluorescent assay,
originally developed for mouse spermatozoa (Sahndg Storey, 1979; Ward and

Storey, 1984) has also been found to be quiet coentfor bovine spermatozoa.

Cryo-capacitation is the major factor related witduced longevity and poor
survivability of cryopreserved spermatozoa in fesn@productive tract (Bailey et al,
2000; Watson 2000) resulting in reduced fertilifyfrozen-thawed semen. At present
it is generally accepted that poor survival of speiozoa in female reproductive tract
iIs among the most important consequences of spemyoin@ury caused by
cryopreservation. This concept of premature captait and reduced longevity of
sperm cells in female reproductive tract has ledth® routine use of oviductal
insemination by laproscopy rather than or evenstigrvical insemination in different

animals (Bailey et al., 2000).

The capacitation of the mammalian spermatozoa #ggd by using
chlortetracycline assay (CTC), measurements of CAS#ility characteristics and
assessment of tyrosine phosphorylation within plsmembrane. The major
advantage of CTC is that it not only allows disdnation between acrosome-intact
cells and acrosome reacted ones, but also dividess@me-intact cells into two

further, functionally different, categories, i.eiaapacitated and capacitated.
2.5 Sperm Kinematics

The development of computer assisted semen analgsibe basis of sperm
head movements has facilitated the accuracy andndapility of sperm motility
evaluation. CASA systems can also analyze sperrmoectration, motility, viability
(World Health Organization, 2010) and morphologyn(&at al., 2011). The robust
sperm analyzer CASA systems can be used effectteetpmpare the modifications
in spermatozoa motion, velocity and kinematics bptlor to freezing and after

freeze-thawing of the samples (Amann and Katz, 20det al., 2004).

Total motility (TM) is the ratio of motile cells tthe total concentration of
spermatozoa (Mortimer, 2000). Progressive motillBM) is the sperm number
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expressed as percentage moving with path velo®i8P] higher than the medium
VAP cut-off and with straightness (STR) higher th#me standardized level
(Mortimer, 2000). Sperm velocity parameters aredralocity, medium velocity,
slow velocity and static velocity. Average pathogily (VAP, um sec-1) is the time
averaged velocity of a spermatozoa head along thetrage path. Straight line
velocity (VSL,um sec-1) is the time averaged velocity of spernwtdread along the
straight line between their first and last deteqgbeditions, respectively. Curvilinear
velocity (VCL, um sec-1) is the time averaged velocity of spernwgdzead along
their actual curvilinear path. Amplitude of laterdisplacement of a sperm head
(ALH, um) is the magnitude of lateral displacement of esphead about its average
path, which can be expressed as a maximum or aage/®f such displacements.
Beat cross frequency (BCF, Hz) is the averageattehich curvilinear path crosses
the average path. Straightness (STR, W3IP) refers to the linearity of the average
path. Linearity (LIN, VSEVCL) refers to the linearity of a curvilinear path, (Mortimer
and Swan 1999; Amann and Waberski, 2014).

Several studies have been carried out to compalgsas on manual methods
of semen quality with those determined by CASA (étual., 2006; Akashi et al.,
2010; Tomlinson et al., 2010; Vested et al., 201i).et al. (1991) and Akashi et al.
(2010) have found remarkable correlation betweeasdhsubjective and objective
evaluation methods. Conversely, Spiropoulos (2@0i) Vested et al. (2011) reported
significant differences among evaluation of spearameters in both methods. Some
studies have also reported a weaker correlatiowdsst ALH and BCF (Ge et al.,
2008; Akashi et al., 2010). Different studies rdedacorrelations of CASA variables
(Rapid velocity, VAP, VSL, VCL, ALH, STR, LIN) within vitro fertilization in
different species (Ren et al., 2004). Other stutieege however reported a positive
correlation among CASA variables particularly theSLV and in vivo fertility
(Kathiravan et al., 2008).

Many factors can influence the accuracy and precissf CASA output
values. It is also important to determine the appabte subgroup limits for each
measure of sperm motion in typical samples beingluated, and to use these
boundaries in order to visualize and summarize gpibations of sperm in each
sample analysed, and do not rely on means or me@fanann and Waberski, 2014).

All of the commercial computer assisted sperm a&iglfCASA) systems acquire a
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frame rate (FR) of 30—60 Hz; a higher FR is redqlit@ give the estimation output
nearer to the “real path” chiefly for fast nonéiar spermatozoa (Mortimer, 2000;
Castellini et al., 2011). The depth of the countaigmber is particularly important
during evaluation of the motion and kinematic pagters of spermatozoa (Mortimer,
2000; Lu et al., 2014). Other factors that affediS2 motility output include number

of fields, concentration and dilution of semen sk®Anzar et al., 2010; Kumar et
al., 2015).

Tuncer et al. (2014), in Holistein bulls used 500pldycopene and evaluated
the sperm velocity parameters. All sperm kinempticameters in lycopene treated
group compared to control having higher values pixd@CF. Bucak et al. (2015), in
Holistein bulls also reported higher VAP, VSL, VCALH and LIN values as

compare to control.

Tvrda et al. (2017) used 1.5 mM lycopene for balhen and reported higher
VAP, VSL, VCL, ALH, BCF, STR and LIN values as coarpd to control after
freezing and thawing.

2.6 Bovine Cervical Mucus Penetration Test (BCMPT)

The in-vitro sperm mucus penetration test (SMPT) is a spermtifum test
which measures the ability of sperm in the semersvwon up into a column of
cervical mucus or substitute. If it can be proverbé as good as semen analysis in
assessing progressive sperm motility, then it iable and cheaper alternative to the
present combination of semen analysis and sperraragm procedures. Sperm
migration into cervical mucus or any of its suhg#t is based on the same principle
as the Kremer (1965) test. Fertilizing capacityspérmatozoa has been shown to be
strongly related to cervical mucus penetration (€&PT) in bull (Tas et al., 2007).

Zubair et al. (2013) found a significant positiveorrelation between
progressive motility, morphologically normal spetomba, sperm viability and
percentage of HOS-positive spermatozoa in HF, Salhamd cross-bred (HF X
Sahiwal) bulls. Galli et al. (1991) also demonstdathat sperm penetration in mucus
was significantly correlated with total motilityperm morphology and progressive

motility, acrosome integrity and concentration.

Cervical mucus is produced by endocervical secgyetetls. Its quality and
guantity depend on the status of gonadal hormonasngl the estrous cycle
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(Tsiligianni et al., 2001). The main functions otregical mucus are sperm
transportation and its role as a barrier againgtrabial infections. Cervical mucus
consists of 92-95% water, along with carbohydrate®jno acids, lipids, and a
mixture of dissolved macromolecules such as prsteand polysaccharides
(Schumacher, 1970). Cervical mucus also contaimsraeenzymes such as alkaline

phosphatase (ALP), lactate dehydrogenase (LDH)paadylase.

The characteristics of cervical mucus play an irtapdrrole in the success or
failure of pregnancy. An indirect evaluation of \deal mucus can be used as an
indicator of the current estrous cycle stage omtworal status in domestic animals.
Cervical secretion also has roles in sperm enderand transportation to the uterine

cavity (Kumar et al., 2012).
2.7 Seminal Enzymatic Profile

Seminal plasma is endowed with an array of antemxisl to protect

spermatozoa against oxidative stress (Sikka, 1886strong et al., 1999).
2.7.1 Superoxide Dismutase (SOD)

Superoxide dismutase (SOD) is a well-known enzynahiological
antioxidant that scavenges superoxide and percxidethus controls the oxidative
stress in mammalian sperm (Fridovich, 1985). SODtguts spermatozoa by
catalysing the dismutation of superoxide aniong)(@ hydrogen peroxide @#D,)
and oxygen (¢ (Agarwal et al., 2003). The physiological role s@iperoxide
dismutase is to protect cells from the toxic efecf superoxide anions {(Q
generated during enzymatic oxidation of NADPH irutnephils and mitochondrial
electron-transfer reactions. It catalyses a distimrtaeaction leading to the formation
of H,O, and Q:

20," +2H - H0, + O;
The HO; is then destroyed by tissue catalases and pes®esda

SOD protects spermatozoa against spontaneogpsto®icity and lipid
peroxidation (Alvarez and Storey, 1992). SOD plagsimportant role in decreasing
LPO and protecting spermatozoa during genito-uyimaitammation (Aitken, 1995).
Seminal plasma gives some protection against itstdaent antioxidants but such

level of protection is not enough for long termragge. Hence, increased oxidative
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stress is encountered during the manipulation resln reproductive techniques, or
the antioxidants are removed along with the sempl@ma when the sperms are

being prepared for cryopreservation (Strzezek.ei8b9).

The fertility rates of human sperm can be predidigdneasuring the SOD
activity which is thought to be the major factootacting human sperm against lipid
peroxidation (Alvarez et al., 1987; Zini et al.,9B). SOD activity is positively
associated with sperm viability and HOST respondeauiffaloes. Addition of SOD to
bovine semen improved the capacitation statussainaple and addition of vitamin E,
as an antioxidant protected the sperm membranes freroxidation (O’Flaherty
et al., 1999).

Bilodeau et al. (2000) reported the level of SOMDivéy in frozen seminal
plasma of Holstein bull as (111.0+£9.0) U/mg protein

Kadirve et al. (2014) reported the SOD activityaimange of 14.34 to 29.34
IU/10° spermatozoa in fresh and 6.86 to 19.56 I9&ermatozoa in frozen thawed

buffalo semen.

Tvrda et al. (2016) used different concentratioh/copene (0.25 mM to 2.0
mM/L) and did not find any significant effect on BQactivities in HF bull seminal
plasma. However, Tvrda et al. (2017) using 1.5 nmydopene find a significant
reduction in superoxide production compare to adn#2.58+3.47 vs. 100.00+0.00
per cent) in the seminal plasma of adult Simmertigekvieh breeding bulls.

Ren et al. (2018) reported the addition of 1.0miglycopene and 1Qg/mL
alpha-lipoic acid to bull semen enhanced the damw/iof SOD, CAT, and GSH-Px,
and reduced ROS levels. Compared with lycopenelgiradipoic acid alone, the
combined supplementation of 1.0 mg/mL + pdgdmL lycopene + alpha-lipoic acid to
the semen cryopreservation extender had greatenfutto decrease intracellular
ROS, and subsequently elevated thawed-frozen Cashgoat sperm quality and
pregnancy rates.

2.7.2 Glutathione-S-Transferase (GST)

Products generated by reactive oxygen species (ROSetabolites of drugs
and chemicals that induce stress must be eliminfated a cell to prevent cell
damage. Detoxification of products of oxidativeess and electrophilic compounds is
carried out by enzymes called glutathione-S-traaste (Kumar et al., 2013). GST is a
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part of glutathione cycle that is responsible fetaxification of HO, (Li, 1975) and
prevention of sperm membrane fragility (Aitken ket 2993).

GST has been reported to play an important rolesparm capacitation,
acrosome reaction and fertilization (Kumar et2013). Increase in GST activity was
indicative of enhanced antioxidant ability (Peruretlal., 2013). Therefore higher
GST values in the semen might be a factor in makimegsperm membrane more
resistant to the spontaneous lipid peroxidation tlestroys the structure of the lipid
matrix (Mohanty et al., 2004).

Addition of antioxidants improves the structural mi@ane integrity and
motility of liquid storage or cryopreserved ram gpecells. Waheed et al. (2013)
reported GST activity in the fresh semen of buffa$al.90 £0.20 nM/min/ml.

2.7.3 Lipid Peroxidation

Lipid peroxidation is an important patho-physiolali process occurring in
numerous diseases and stress conditions and resulés series of degradative
processes affecting the organization and functibreedlular components (Aitken
et al.,, 1989). A simple tool to evaluate the effeftlipid peroxidation on the
spermatozoan is the assay of sperm malondialdeliytd2A), a thiobarbituric-
acidreactive substance (TBARS) that is a stabled liperoxidation product
(Kasimanickam, 2006). Production of malondialdehfg/dd®A) was used as an index
of spontaneous lipid peroxidation in spermatozamé¢3d and Mann, 1973). Aitken
et al. (1993) reported that the xanthine-xanthixidase (X-XO) system was used to
generate ROS, and the lipid peroxidation statuspefmatozoa was monitored using
the generation of malondialdehyde (MDA). In boviaed ram semen, ROS are
generated primarily by dead spermatozoa via an atiomamino acid oxidase
catalyzed reaction (Upreti et al., 1994a, b). Adrabic cells have substrates and
enzymes to neutralize these potentially toxic RQ® the antioxidant defences of
spermatozoa are comparatively weak and such aellgesty much prone to oxidative
damage (Jones and Mann, 1977).

During cryopreservation, the semen is exposed I sttock and atmospheric
oxygen, which in turn increases their vulnerabitiylipid peroxidation (LPO) due to
higher production of ROS. In bovine semen the llattduces aging of spermatozoa,
thus reducing their life span and affecting thetgebon of semen for artificial
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insemination ultimately leading to poor inseminaticates (Alvarez and Storey,

1982). Most studies on semen viability and enzyeaddge from spermatozoa due to
ROS production have been conducted on frozen sesasnples (Dhami and

Kodagali, 1990; Upreti et al., 1996).

Tvrda et al. (2016) used different concentratioh/@opene (0.25 mM to 2.0
mM/L) and did not find any significant effect on MDactivities in HF bull seminal
plasma. However, Tvrda et al. (2017) using 1.5 nmidopene find a significant
reduction in lipid peroxidation (20.43+0.56 vs. 5+0.81 pmol/g) compare to control

in the seminal plasma of adult Simmental- Fleckweteding bulls.

Literature reviewed so far does not reveal any weféted to this antioxidant

(Ilycopene) in Hariana bull semen.
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CHAPTER-3

MATERIALS AND METHODS

3.1 Experimental animals

The present study was conducted on four Harians lwil the age group
between 5.0 - 9.0 years and weighing around 450i@P®ody weight, reared at
Semen Biology Lab, Department of Gynaecology andt@hcs situated at ILFC,
DUVASU, Mathura, (U.P.) India, during the sessi@2@-2021.

3.1.1 Climatic conditions

Mathura is situated in Northern part of India.dta semi arid zone, lying at
27.17 North-latitude and 77.4East-longitudes and about 287 m above the sea level

3.1.2 Housing system

The Hariana bulls were housed in individual parts wemented floor which
were separated by Iron partitions that restrictedct physical contact of bulls in
adjacent pens. One third of the area was havingoibfeof corrugated asbestos sheets.
In winter season paddy straw was used as beddinfpeofloors and thick curtains
were also hanged to protect the bulls from coldesawm extreme cold. In summer
season all the measures were taken to protecuttsefiom hot wind during day time.

The shed were cleaned once daily in the early mgrni
3.1.3 Feeding and management of Hariana bulls

The bulls were fed a uniform balanced ration camgjsof wheat straw which
was one of the chief and common fodder availabteteih was supplemented from
other sources like concentrate mixture, consistihigran, oil cakes, grains and green
fodder like berseem, maize, bajra and jowar ets p@vided in different seasons
depending on their availability for nutritional tggements. Clean and fresh drinking

water was provided to the bulls adlibidum.
3.1.4 Feeding schedule of Hariana bulls

Each bull was provided with the following:
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S. No. | Ingredients Quantity
1. Green maize 30-40%
2. Green jowar 21.15 kg. (30 to 40 %)
3. Bhoosa (Wheat straw) 4.95t0 5.77 kg.
4, Concentrate 3.83 kg.
5. Service ration 1.00 kg additional concentratedas

Ingredients of concentrate

Ingredients Percentage
Wheat bran 32
Maize 18
Barley 17
GNC (decorticated) 30
Mineral mixture 02
Salt 01
Total 100
DCP 21.64
TDN 76.67

3.1.5 Health care and management

Proper health care schedule was being followetthatfarm. Animals were
regularly tested for the semen quality and disedikesBrucellosis, Tuberculosis
(T.B.) and Johne’s disease (J.D.). They were reiytimaccinated against important
contagious and infectious diseases like FMD, HSB@Qd Deworming was also done
with broad spectrum dewormers. Management includiatgring, feeding, washing,
exercise and timely collection of semen were dameairoutine manner to keep

animals in healthy and stress free condition.

3.1.6 Sterilization of articles

All the glasswares which were used during the @uo$ study were
thoroughly washed with teepol water and rinsed waih water fallowed by double
distilled water. These were dried in the air aratikzed in hot air oven at 180 for
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60 minutes. Buffer solutions, rubber articles @atming, rubber cone, outer hard
cover etc of A.V), micropipettes, microtips alongwtheir boxes were sterilized in

autoclave at 10 Ib pressure, ¥&3emperature for 20 minutes.
3.1.7 Semen collection

On the day of collection, before collecting semthe bulls were properly
washed and cleaned with fresh borewell water. Aftat, semen was collected using
sterilized artificial vagina (IMV Technologies, FAee), which is nearly 40cm long
and 6.5 cm in diameter whose, smooth rubber linvags lubricated with white
paraffin wax. Semen collection was performed befesxling the bulls. Semen was
collected twice a week from each bull during eanlgrning hours between 7:00-8:00
am in summer and between 8:30-9:30 am during vaniére temperature of A.V was
maintained between 42 to 45C. Semen was collected directly into a clean, dry,
sterilized 15 ml centrifuge tube graduated at Ollimervals, attached to the latex
cone of the A.V. Immediately after collection, thebe containing semen was
properly labelled and placed in the beaker haviagewat a temperature of 37°C and
then was transferred to water bath already maiethat 37 C in the laboratory. Eight
ejaculates (n=8) each from four bulls were congideior neat semen evaluation.

Thirty-two (n=32) samples were used for freeze-thaw study.
3.2 Evaluation of fresh semen

The semen was evaluated for following parameters.
3.2.1 Colour and Consistency

Colour and consistency of semen sample were ols$éweirect visualization
with naked eyes as yellowish thick, thick creamylkynwhite etc. and any other
abnormalities in colour or consistency were treag@bnormal and the samples were

discarded.
3.2.2 Ejaculate Volume

The volume of semen was directly measured in mdiil (ml) from the

graduated centrifuge semen collection tube.
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3.2.3 pH Value

pH of semen was measured by using pH paper (B.B5HO0 Indicator Paper)
having the range of 5.5 - 7.0 and the colour dgedlowas matched with the colour

standards provided with the strip.

3.2.4 Mass Motility

Mass motility was evaluated as per method descrimgdsalisbury et al.
(1985). It was determined by placing a small dréps@men of uniform size and
thickness over a clean, dry and dirt free glasdesheld on the thermostage. The
semen drop was examined under low power objectld)(of microscope on a
thermostatically controlled warm stage at 37°C. iN§k988) reported that motility
was rated according to the vigour wave motion ayraale scale of O to 5 as given

below into following categories.

S. No| Observation Mass motility score (0-5 scale)
1. No motility 0
2. No wave but sperm movement evident +1
3. Slow wave formation +2
4. Relatively more wave formation with +3
swirls
5. | Wave with swirls and eddies +4
6. Wave with very rapid swirls and eddies +5

3.2.5 Sperm Concentration

Sperm concentration was estimated using Haemocyssm@mproved
Neubauer's chamber) method (Salisbury et al., 198®ntral primary square is
divided into 25 (5x5) secondary squares while eaebondary square is further
divided into 16 (4x4) tertiary squares. Thus cdrmiramary square is divided into 400
(25x16) tertiary squares. These total 400 terts@qyares have a total area of 1fnm
When a drop is charged under the cover slip in abldeer cell counting chamber, the

thickness of the film on chamber is 0.1 mm. Thus tbtal volume of the semen
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covering 400 tertiary squares in RBC chamber isménl Sperm concentration

estimate was made by diluting semen samples 2@} twmith semen diluting fluid.

Composition of semen diluting fluid

Ingredients Quantity
Eosin-Y (Water soluble) 0.05 gm
Sodium Chloride 1.0gm
Distilled water upto 100 ml

Semen was sucked upto 0.5 mark into RBC dilutipgefde. The outside of
pipette was wiped with tissue paper to wipe off sereample sticked outside to the
tip of the pipette. Then the semen diluting fluidsasucked upto 101 mark on the
pipette. Now the pipette was hold in between th@dhpalms and vortexed
horizontally to ensure proper mixing. Haemocytometeng with its coverslip was
cleaned, dried and focussed firstly at low powé&xjland then at (40x) power under
the microscope. Discard first few drops of diluteeimen from the RBC diluting
pipette and a small drop is charged in betweenctwerslip and haemocytometer.
After 30 seconds (time to ensure proper settlingpdgrmatozoa) spermatozoa was
then counted in five secondary squares of centiedgoy square, namely right and
left top, right and left bottom and central squarBisose spermatozoa, which were
lying in square itself, on top line and right sidee of the square, were also counted.
Each secondary square contained 16 tertiary sqsartéstal numbers of spermatozoa
in 80 tertiary squares were counted. The averagéh@fcounts on both side of
haemocytometer chamber was taken for calculatiegsgferm density and the total

number of spermatozoa per ml of neat semen waslatdd as follows.

Calculation
Area of 1 tertiary square =1/20 x 1/20 fam
Volume of 1 tertiary square = 1/4000 thm
Number of spermatozoa in 80 tertiary squares =n
Volume of 80 tertiary squares = 1/4000 x 80m
Where, 80/4000 mfwolume has ‘n’ number of spermatozoa.
Therefore, 1mrh =n/80 x 400

=n x50
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Total number of undiluted spermatozoa =50 x208

Therefore, 1mriof fresh semen =10000 x n

Fresh semen contains (per ml) =10000x nx1000
=10xn x 19

Sperm concentration = n x 10 x 1Dper ml
Here, n = number of sperms counted in five seconsiguares.

3.2.6 Progressive Motility

The progressive motility of the spermatozoa waseoved under high power
phase objective (40x) on a thermostatically cotdtbkstage maintained at 37°C. A
small drop of diluted semen was put on a cleansgré@e slide and was covered with
a cover slip. The slide was examined to observerwigsly motile spermatozoa
exhibiting progressive path. The progressive nigtibf spermatozoa was then
calculated as given by Salisbury et al. (1985) @t @lilution, pre-freeze and post-
thaw stages as follows

No. of progressively motile spermatozoa

Progressive motility (%) = x 100
Total number of spermatozoa observed

3.2.7 Live and Dead Spermatozoa Count

Method described by Campbell et al. (1953) wao¥edd to estimate the live
percentage of the semen sample at 3 different stagepost dilution, pre-freeze and
post-thaw stage. Dead spermatozoa could be ditfated by their ability to get
stained by Eosin dye. The live spermatozoa, whiehevalive at the time of staining,
remain colourless since they were impermeable tsirEstain. Nigrosin provided a

blue-black background.
3.2.7.1 Preparation of stain

Eosin-Nigrosin stain was prepared by the methodrde=] by Campbell et al.
(1953). The composition of the stain was as follows

Ingredients Quantity
Eosin — Y (Water Soluble) 5gm
Nigrosin (Water Soluble) 10 gm
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These two chemicals were dissolved separately th rhiD of 2.9% sodium
citrate solution. The mixture was boiled for 15 mknally stain was prepared by
mixing 10% Nigrosin solution and 5% Eosin-Y solaticn the ratio of 2:1 in a
container. The mixture was then kept for 7 daysniaturation and filtered through
Whatman'’s filter paper No. 40. Fresh stain was areg every 15 days to prevent
artifacts and filtered through quality filter pap@vhatman’s filter paper no. 40) and
stored in a dark and sealed glass bottle. Befagethe staining solution was brought

to room temperature. Fresh stain was prepared é%edays to prevent artifacts.
3.2.7.2 Staining technique

Semen samples were kept at 37°C before analyses.d@p of semen sample
was mixed with 2 to 3 drops of Eosin-Nigrosin stam a clean glass slide at 37°C
using warm stage. It was kept for 3 min. A smeas wede from the mixture on a
clean and grease free glass slide. It was driegirimand examined under the bright
field 100x oil immersion objective of phase contrascroscope. Atleast 200 sperms
were counted. Sperms that were white (unstainedg wkassified as live and those
showed any pink or red colourations were classifiedlead (Photograph 1). Per cent
live spermatozoa were calculated as follows:

ivé spermatozoa counted

Percent live spermatozoa = x 100
Total spermatozoa codnte

3.3 Cryopreservation of semen
3.3.1 Preparation of Egg Yolk Tris Glycerol (EYTG)Extender

The eggs yolk was recovered from a fresh egg. Hiestegg was sterilized
with rectified spirit and then egg was broken fridm narrower end with the help of
sterilized forceps and then all the albumin wasind out. The yolk ball was
transferred on the Whatman's filter paper no. 4@ rafled in order to clear all the
traces of albumen and chalaza. The yolk membrarseebr@ken and clear yolk was
poured into a sterilized beaker and allowed to chyr using magnetic bead onto the

magnetic stirrer.

The buffer solution was prepared by mixing the Taisd Citric acid in
required appropriate proportions. Sterilization btiffer was carried out by

autoclaving at 121°C and 15 |bs pressure for 20utei Penicillin-G sodium,
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fructose and dihydro streptomycin were added inbiliger. Later on, glycerol @ 7%
and egg yolk @ 20% was mixed to the buffer solutiemally EYTG extender is
prepared.

Composition of Egg Yolk Tris Glycerol (EYTG)

S. No. | Ingredients Quantity
1. Tris buffer (hydroxymethyl) aminomethane 3.028g
2. Citric acid monohydrate 1.675¢g
3. D-(-)-Fructose 1.250 g
4. Penicillin -G Sodium 1 lakh unit (50mg)
5. Dihydro Streptomycin sulphate 100mg
6. Glycerol 7.00 ml
7. Egg yolk 20 ml
8. TDW(Triple Distilled Water) Upto100 ml

3.3.2 Dilution of semen

Dilution rate was decided based on the percenwididal motility rate and
sperm concentration. Following collection, the sem@s kept at 3T in the water
bath and evaluated. The neat semen having masétynoti> 3.0 (0-5 scale) was
selected and subjected to further dilution with EY@&xtender. Dilution was such that

concentration of diluted semen becomes approxim&®@imillion sperms per ml.
3.3.3 Preparation and incorporation of lycopene asemen additive

Lycopene and other chemicals used in this studye wétained from Sigma
Chemicals $igma, St Louis, USA Lycopene used as semen additive in this study
was added at different concentration levels inifMible (mM) which was calculated
using following formula:

Weight of solute (mg)

Molarity (M) = 80D
Volume of solutigml) x Molecular weight
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Matsirx Volume of solution (ml) x Molecular weight
Weight of solute (mg) =

1000

Lycopene

Brand . Sigma-Aldrich

Empirical Formula . &gHse

Synonym y,y-Carotene, 2,6,10,14,19,23,27,31-Octamethyl-
dotriaconta-2, 6, 8,10,12,14,16,18,20,22,2326,
tridecaene

Molecular weight : 536.87

Product Number : PHR1770

Storage temperature :2-8°C

CAS Number : 502-65-8

Molecular Structure

For the present study a stock solution of 50mMyobpene was prepared by
dissolving 6.7mg of lycopene in 250 pl of DMSO.

The extended semen was dividedin four differerttttéses in equal volume (5
ml each). To the first test tube was added 100uDMISO (Control) where as in
second, third and fourth test tube, lycopene s(66knM) was added @ of 25ul, 50ul
and 100ul making the effective concentration ofopene as 0.25mM,0.5mM
and1lmM. To balance the amount of DMSO in treatngeoaips, additionally 75u1 and
50ul DMSO was added in second and third test tubess, making the amount of
DMSO same in control and treatment groups. Thesgedi samples were than
utilized for further processing. The various grougs formed after addition of

lycopene are described as under:
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Group | . Control (EYTG) + DMSO

Group Il . Treatment-1 (EYTG + Lycope@e0.25mM)
Group 1l . Treatment-2 (EYTG + Lycope@®0.5mM)
Group IV . Treatment-3 (EYTG + Lycopenel@M)

3.3.4 Printing of straws

After final dilution of semen sample different coted straws were printed by
computerized auto printing through Domino Ink Jahter A200 Pinpoint (Domino
UK Ltd, Bar Hill, Cambridge, CB3 8TU, England). Rting Performa includes bull

no., breed, extender, institutional code and date.

Pink: straws for standard EYTG diluents + DMSO as Cdntro

White: straws for standard EYTG diluent + Lycopene @ Rbas Treatment-1
Green: straws for standard EYTG diluent + Lycopene @ bas Treatment-2
Blue: straws for standard EYTG diluent + Lycopene @ lag\Vlreatment-3
3.3.5 Filling and sealing of straws

Diluted semen was aspirated into French Top Bubhinstraws (0.25 ml,
135mm length and 2 mm diameter, IMV) of differentours and sealed by automatic

straw filling and sealing machine (IMV, France).
3.3.6 Equilibration time

The above filled and sealed straws were kept cezing racks and placed in
cold handling cabinet, which was already maintaired4°C for 4 hours. After
completion of equilibration time, each group wekaleate for the parameters viz.
progressive motility, spermatozoa live percentaggerm motility and kinematics
(CASA),HOST response, acrosomal integrity and C$€ag.

3.3.7 Freezing

After completion of equilibration time, the semdhefl straws along with
freezing racks were kept in liquid nitrogen vapdwaezing chamber of biological
freezer, where the temperature of semen filledvstnaeaches from°€ to -1406C in

different temperature gradients within 7 minutestaswn below
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Temperature (°C) Rate of freezing {C/min)
4t0-10 5
-10to -100 40
-100 to -140 20

3.3.8 Storage

The semen filled straws were then transferred gablets with the help of
cryo-gloved hand and the goblets were stored irarsé@ canisters in the liquid
nitrogen (LN) in cryovessel. Cryovessel was always kept fullréglenishing liquid

nitrogen from time to time.
3.3.9 Thawing of frozen semen

The frozen semen was then thawed, after the stquaged of at least 24
hours of freezing, in thawing unit (IMV, France) imained at 37C for45 seconds.
The thawed semen samples were subjected to diffegsts i.e. progressive motility,
spermatozoa live percentage, sperm kinematics (QABA®ST response, acrosomal
integrity, CTC Assay, Bovine Cervical Mucus Perita Test (BCMPT) and
antioxidative enzymes (SOD, GST, LPO [MDA)).

3.4 Evaluation of Parameters in Pre-freeze and Poshaw Stages
3.4.1 Progressive Motility:As per the method stated vide-supra.
3.4.2 Live SpermatozoaAs per the method stated vide-supra.
3.4.3 Hypo-Osmotic Swelling Test (HOST)

The hypo-osmotic swelling test was performed adogrdo the method
described by Jayendran et al. (1984) at pre-fre@zepost-thaw stage for assessing
the functional integrity of the sperm tail membraig/po-osmotic solution of 150

mOsmol/litre was prepared as shown below

Ingredients Quantity
Sodium citrate 0.735¢g
Fructose 1.351¢g
Millipore/ double distilled water upto100 ml
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3.4.3.1 Procedure

0.9 ml HOST solution (maintained at’&7for 5 min before use) was added to
0.1 ml semen and incubated at 37°C for one hodlowimg incubation, a drop (10
ul) of eosin stain was added to the solution tovigk® background which facilitates
the counting. Now a drop of well mixed solution waken on a clean and dry glass
slide and covered with a cover-slip. Sperm tailingrwas recorded as an effect of
swelling due to influx of water. Sperms with coiledl were considered as membrane
intact sperms and those with straight tail as mamdidamaged sperms. A minimum
of 200 spermatozoa were counted in different fi¢kisleast 5 different fields) of a
given slide on 40x objective under phase contrastascope for different types of
swelling patterns. The total proportion of swollgmermatozoa with coiled tail was
calculated by dividing number of reacted cells @t spermatozoa counted in same
area and multiplying figure by 100. These sperm@dowvere classified in four

different classes according to presence of follgvawelling patterns.

A. No swelling, no membrane reaction

B. Swelling of the tip of the tall

C. Different types of hair pin like swelling or skiveg of mid-piece
D. Complete tail coiling

Spermatozoa showing B, C, D type of pattern weresicered to be HOST positive
(Photograph 2).

Number of curled tgplermatozoa
HOST Reacted Spermatozoa (%) = 8aL
Total number of spermatozoa counted

3.4.4 Acrosomal Integrity

Method described by Watson (1975) was followed geeas the quality of
semen doses which in terms validates the fertdiztapacity and conception rate.

Staining was carried out as described by Hancog&a)L
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3.4.4.1 Composition of Giemsa stain

Ingredients Quantity
Giemsa stain 389
Absolute alcohol (GR grade) 375 ml
Glycerol (AR grade) 125 mi

3.4.4.2 Preparation of Giemsa stain

Giemsa stain was grounded with absolute methanpkstle and mortar and

glycerol was added. Stain mixture was stored &t@7or one week. During this

storage period, it was shaken for two minutes eth After 7 days the stain was

filtered in Whatman'’s filter paper No. 40. The g@un can be used for 45 days.

Sorenson’s phosphate buffer

It was prepared by mixing 61.2 ml of solution Adas8.8 ml of solution B as

per following composition to obtain a pH of 7.0.

Solution A
Ingredients Quantity
Sodium phosphate dibasic (M#0,.2H,0) 11.876 g
Distilled water 1000 ml
Solution B
Ingredients Quantity
Potassium phosphate monobasic {RB,.2H,0) 9.08 ¢
Distilled water 1000 ml

Fixative

Five percent (5%) formal saline solution was usedikation of smear.
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Preparation of final stain solution

Three milliliter (3.0 ml) of Giemsa stain was d#édtwith 2.0 ml Sorenson’s
phospate buffer (pH = 7.0). To this was added ltidtiwater 35.0 ml. The staining

solution was stored in refrigerator. Fresh stais waepared every week.

Staining procedure

A thin smear of diluted semen was prepared on an¢lgrease free and dry
slide. Smear was air-dried at room temperatureafdeast 10 minutes. Smear was
fixed by immersion in 5 percent formal saline (Cémlpet al., 1956) for 30 minutes
at 37C. Then it was washed in running tap water andréd for 15-20 minutes. In a
staining coplin jar, 2ml Sorenson phosphate buf8en| Giemsa stain and 35 ml
double distilled water were allowed to mixed thagbly. Now the slide wasimmersed
in the coplin jar solution for 4 hours in incubatorintained at €. Stained slides
were washed in running tap water and air dried. dhed smears were studied at
100x oil immersion objectives. Atleast 200 spermasowere counted for acrosomal
status after staining. Stained acrosome appeakspiaple color. The acrosome was
considered to be normal when the stain was clearty evenly distributed over the

spermatozoa anterior to the equatorial segmentdgraph 3).

Numberaaffosome stained spermatozoa
Intact acrosome (%) = 8L
Tormlmber of spermatozoa counted

3.4.5 Evaluation of capacitation status by Chlorteticycline (CTC) assay
Principle

The technique is based on the principle that Cétiatycline (CTC) binds
with membrane calcium, whose distribution appearshiange through capacitation,
and is visualized by fluorescence microscopy. TBUE distribution pattern seems to

be related to the capacitation stage as well aigsssta

Capacitation status and acrosome reaction were sssbe using
Chlortetracycline (CTC) staining as described bythRat al. (2001) with little
modification. Briefly sperm at a concentration af X 1¢ /ml) were suspended in
TALP and were centrifuged at 1000rpm for 5 min. Todlected sperm pellet was

washed 3 times with TALP and final pellet of spenas resuspended in 0.5 ml of
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TALP to serve as the sperm stock solution. CTC kstmution was prepared by
dissolving 1 mg of CTC in 1 ml of PBS (pH = 7.4hQul of sperm suspension was
mixed with 250 pl of CTC stock solution and wastlibated in the incubator in dark
at 37C for 30 minutes. 5 pl of CTC labelled sperm susfmmwas taken on a clean
grease free glass slide and then uniform thin smvaarmade. Smear was allowed for
drying in dark. Slides were observed using Nikofigse TE 2000-S microscope with
phase contrast and epifluorescence optics undervidlet illumination (excitation at
400 - 440 nm and emission at 470 nm by using 4Qectibe). A total of 200 sperms
per slide were observed and different patterngefra were evaluated as established

in literature. Three different forms of CTC pattevare observed namely,

a. F pattern: Even distribution of fluorescence over the entinead

(uncapacitated sperm).

b. B pattern: Fluorescence-free band in the post-acrosomal omegi
(capacitated, acrosome inact sperm), fluorescemcanterior

portion of the head.

c. AR pattern: Fluorescence free head except for a thin brigiotréscent band

along the equatorial segment (acrosome-reactes).cell

In all cases, fluorescence in the middle piecéefflagellum was observed as

well (Photograph 4).
3.4.6 SpermMotility and Kinematics

These parameters were assessed using ComputetedsSismen Analyser
(CASA), Minitube, Tifenberg, Germany which is supgd with AndroVision®
software (Version 6.1Photograph b The CASA is equipped with ZeisAxioscope
Microscope, Germany with 20x negative phase contragh blue filter for
determination of sperm motility and kinetics. Thecrascope is equipped with
thermostatic stage to maintain a constant temperatf 37 °C. For motility and
kinematics, at least 10 fields were counted haanginimum of 2000 spermatozoa.
The inbuilt software of CASA produces two repofisst report is an average of all
sperm cells analyzed along with different motionl &metics and second report is a
detailed report of each and individual spermatoZdee detailed report shows every

parameter of spermatozoa along with tracking amtingp
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The CASA is equipped to measure following motiand kinematic

parameters of spermatoz(hotograph 6)

Different motion and kinematic parameters measued by CASA, Androvision,

Minitube, Germany

Name of the parameter Abbreviation Unit
Total motility ™ %
Progressive motility PM %
Progressive fast motility PFM %
Progressive slow motility PSM %
Progressive circular motility PCM %
Local circular motility LCM %
Local motile LM %
Immotile M %
Curve linear velocity VCL pm/s
Straight line velocity VSL pm/s
Average path velocity VAP pm/s
Curve lineadistance DCL pm
Straight linedistance DSL pm
Average pathlistance DAP pm
Amplitude of lateral head displacement ALH pm
Beat cross frequency BCF Hz
Linearity LIN (VSL/VCL) Unit less
Wobble WOB (VAP/VCL) Unit less
Straightness STR (VSL/VAP) Unit less

The CASA records following parameters with its isetoutlined below.

» Spermatozoa were classified as immotile WH&TC < 0.087
» Spermatozoa were classified as local motile wi€h < 48 and VSL < 24

» Spermatozoa were classified as circular motile wRadius > 9 and < 90
and Rotation is > 0.70

» Spermatozoa were classified as slow motile wi€h < 120

42



Materials and Methods

» Spermatozoa were classified as fast motile wheéh > 120
» Spermatozoa are hypomotile whé@L > 150

» Spermatozoa are hypermotile wHeil < 0.5 or 50%

>

Spermatozoa are hypermotile whiinH > 3

3.4.7 Bovine Cervical Mucus Penetration Test (BCMP)I

The bovine cervical mucus penetration test wasopmdd as per the method
described by Kremer (1965) and Matousek et al. 4198

Collection of cervical mucus

Cervical mucus was collected from estrus cattlpersthe method described

by Dabas and Maurya (1988) under asepticconditions.
Evaluation and storage of mucus sample

The collected mucus was selected on the basisasfigty and the degree of
crystallization. Mucus samples showing typical fepattern were selected for
experiment. White side test (Popov, 1969; PaterthRawal, 1990) using 5% sodium
hydroxide was performed to evaluate the mucus safigplany infection. One ml of
mucus was taken in a test tube along with one md6fsodium hydroxide. This was
heated up to boiling point and colour of the migtwvas observed. Samples
developing a yellow colour were considered positiee mild endometritis and

discarded. Only clear samples were selected falwtimg the experiment.

After evaluation, suitable samples were stored iml2storage vials which

were kept at -20°C.
Preparation of the test system

A loading manifold was prepared for loading theiltay tubes with cervical
mucus. The loading manifold was prepared from dpseain set and a five ml
syringe. The needle from one end of the scalp seinwas replaced by a capillary
tube and the other end was attached to a five askipldisposable syringe. The stored
cervical mucus was emptied into a petri dish and warmed to room temperature.
The warmed cervical mucus was then aspirated imtocapillary tube by drawing
plunger of the syringe. The trailing mucus was with scissors leaving a small

amount protruding from the filled end of the tuldapillary tube was then removed
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from the loading manifold and one end of the capjlltube was plugged using
“Haemoseal®. The tubes were then allowed to stand fminutes at 37°C. Only non-
heparinized hematocrit capillary tubes were usedhie test.

Procedure

Collection of cervical mucus from the cattle inrastafter disinfecting the

perineal region with 70% alcohol

J

Observation of mucus for typical fern pattern unagsroscope

J

White side test

J

Loading of hematocrit non-heparinized round capiltlabe with cervical mucus

J

Sealing of one end of the capillary tube with Haseab

J

Placement of open end into the sperm reservoir

J

Incubation of test system at 37 °C for 60 min

J

Removal, wiping and cleaning of capillary tubes

J

Placement of capillary tubes on graduated glads sihder microscope

J

Observation of distance travelled by the vangupsdreatozoa - high power

microscope
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Grading of semen sample

Grading of the semen samples was carried out aiogptd Matousek et al.

(1989) as mentioned below:

Grade Distance travelled
Excellent more than 30 mm
Good between 20mm to 30 mm
Medium between 12 to 20 mm
Poor between 8 to 12 mm

Sperm penetration distance: sperm penetration ndistas the distance
travelled in millimeters by the most progressivevanguard spermatozoa after 60

minutes of incubation (Photograph 7).
3.4.8 Estimation of Enzymes in Seminal Plasma
3.4.8.1 Estimation of Superoxide dismutase (SOD) tadty (U/ml)

Seminal plasma superoxide dismutase (SOD) activity measured using the
method as described by Madesh and Balasubramanl®97) with some

modifications.

It involves generation of superoxide by pyrogalkntioxidation and the
inhibition of superoxide-dependent reduction of te&azolidium dye MTT to its
formazan was measured at 570 nm. The reaction evasnated by the addition of
dimethyl sulfoxide (DMSO), which helps to solubdizhe formazan formed and the

color evolved is stable for many hours.

Pyrogallol used as source of superoxide based enirthibition of MTT
formazan formation from the reaction of MTT and euxide. MTT is a
tetrazolidium compound which can be reduced to dtdoured formazan by

superoxide.
Procedure

The total volume of mixture 3000 pl consisted 0dQ 21 PBS, 100 pl seminal
plasma, 50 pl of 1.25 mM MTT (1.035 mg/ml) and 150Dof 1 mM pyrogallol
solution (0.126 mg/ml) was added at the end. Sampgke replaced with PBS in the
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blank. After incubation period of 15 minutes 1500 PMSO was added and
absorbance was taken in ELISA reader at 570 nm. preent inhibition by the
presence of SOD was calculated from the reductfoine MTT color formation as
compared to the MTT formazan formed in the abseaiceOD which was taken as
100%. One unit of SOD was defined as the amoumptratiein required to inhibit the
MTT reduction by 50%.

SOD activity was calculated using the followingrfara
SOD activity (units/ml) = 2 x 100 x #Ag X dilution factor
At = absorbance test
Ag = absorbance blank
3.4.8.2 Estimation of Glutathione-S-Transferase (GB activity (nM/min/ml)

Glutathione -S- transferase was estimated as teschy Habig et al. (1974)

with some modifications.

Reagents

1) 0.3 M Potassium phosphate buffer (pH 6.5)
a. Potassium dihydrogen orthophosphate (40.84ndjstilled water)
b. Dipotassium hydrogen phosphate (52.26mg/millégtwater)

2) 30 mM reduced glutathione (GSH) (9.21mg/ml distilleater)

3) 30 mM CDNB in 95% ethyl alcohol (6.076 mg/ml alctjho

Procedure

To 1 ml of phosphate buffer in a test tube, 0.JofMlCDNB and 0.1 ml seminal
plasma/ distilled water was added. 1.7 ml of deslilwater was added to make final

volume of 2.9 ml.

The reaction mixture was incubated at@7or 5 min and reaction was started
by adding 0.1 ml of 30 mM reduced glutathione. @bsorbance was measured at 60
sec interval for 5 minutes at 340 nm. Reaction omxtwithout seminal plasma was

used as blank.
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Calculation
ODof sample Total volume 1
GST activity = X LBODFx
EC Volume of seminal plasma Time
Where,

EC = 9600/M/cm

DF = dilution facto
3.4.83 Estimation of Lipid peroxidation (MDA) activity (nM/ul)

The MDA assay was done by the TBARS (Thio barbituacid reactive
substance) method of Ohkawa et al. (1979). ThiobiBaic Acid (TBA) forms

colored adduct which are quantified at 532

To 100 pl of seminal plasma was mixed with 1.5 ml 6@ acetic cid
(pH3.5), subsequently 500 ul of 8.1% sodium dodsaiphate (SDS), 1.5 ml of 0.8
TBA and 900 pl phosphate buffer (pH 7.4) was adaledi the mixture was vortexe
The reaction mixture was incubated in a boilingexdtath for 1 hour. After coolin
at room temperature, 5 ml of butanol: pyrimidine metf{15:1) was added and tl
reaction mixture was centrifuged at 5000 rpm for rBh. A clear supernata
obtained after centrifugation was used for meagutime absorbance at 532 |
against reagent blankA series of known concentration for standard
malondialdehyde (1 nM/ ul) were also run simultarsp and a standard curve w

plotted. Against the standard curve, the conceatraif MDA was determine

y =0.267x - 0.089
1 4 R2=0.996 =

Concentration of MDA (mM/pl)

Absorbance

Standard Curve of MDA
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3.5 Statistical analysis

Data were analyzed using SPSS software (version[®}criptive statistical
characteristics (mean, standard error) were ewduat first. One-way ANOVA was
used for specific statistical evaluations. Meanthwlifferent small letter superscripts

differed significantly within a row except for nesgmen (within a column). Figures
in parenthesis indicate range.
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Materials and Methods

TECHNICAL PROGRAMME
(Flow Chart)

Ejaculated semen from Hariana bulls (4)
(n=8x4=32)
Evaluation of Semen

(Colour, Viscosity, Volume, Concentration, Mass ititgt PM, Live spermatozoa)

J

Extension of fresh semen (Temp 32-34 °C)

Group | Group Il Group 11l Group IV
EYTG + semen| EYTG +@ 0.25mM/L| EYTG +@ 0.5mM/L | EYTG + @ 1.0mM/L
+ DMSO lycopene + Semen | lycopene + Semen | lycopene + Semen

N -
\ﬂ/

Each sample diluted to

80x10 cells/ml in Tris-egg yolk-glycerol.
Samples filled in labeled straws
(0.25ml straw, using filling & sealing machine)

l

Cooled samples kept for equilibratiorf4for 4 h)
Pre-freeze e%aluation of semen

Parameters for evaluation

» Progressive motility (Salisbury et al.,1985)

» Sperm kinematics (CASA, Androvision, Minitube, Gemy)

o Total Motility (%)

PM (%)
Average path velocity (um/s)
Linear velocity (VSL, um/s)

o O O O

Curvilinear motion (VCL, pm/s)
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Materials and Methods

0 Beat cross frequency (BCF, Hz)
o Path straightness (STR, %)
0 Linearity (LIN, %)
% Live spermatozoa (Campbell et al.,1953)
Acrosomal integrity (Watson, 1975)
Hypo osmotic swelling test (HOST). (Jayendranlgt@84)
CTC Assay (Rathi et al., 2001)

YV V V VY

Transfer in programmable biological freezer
LNyvapors freezing
(Freezing rate: 4 to -2@ @ 5C/min, -10 to -100@ 4C/min and -100 to -140@
20°C/min)

J

After completion of freezing, straw collected & ptyed in LN
After 48 hr of LN, preservation
Sample thawed (3T for 45sec)

J

Post thaw evaluation of semen

Parameters for evaluation
» Progressive motility (Salisbury et al.,1985)
» Sperm kinematics (CASA, Androvision, Minitube, Gamy)
o Total Motility (%)
PM (%)
Average path velocity (um/s)
Linear velocity (VSL, um/s)
Curvilinear motion (VCL, pm/s)
Beat cross frequency (BCF, Hz)
Path straightness (STR, %)
Linearity (LIN, %)

O O O O O o o
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YV V V V V

Materials and Methods

% Live spermatozoa (Campbell et al.,1953)
Acrosomal integrity (Watson, 1975)
Hypo osmotic swelling test (HOST). (Jayendranl¢1@84)
CTC Assay (Rathi et al., 2001)
Oxidative enzymes
0 SOD (Madesh and Balasubramanian, 1997)
o MDA (Ohkawa et al., 1979)
0 GST (Habig et al., 1974)
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Photograph 1: Live and Dead spermatozoa (EosinNigrosin stain,
magnification: 100x, Blue arrow showinglive spermatozos
Red arrow showing dead spermatozoa)

Photograph 2: Hypo osmotic swelling test (HOST) reactive anmon-reactive
spermatozoa Hypo osmotic solution 150mOsmol/liter,
magnification: 40x, Blue arrow showing various degrees of
HOST reactive spermatozo, Red arrow showing non-reactive
spermatozoy



&P

Photograph 3: Acrosomal integrity of spermatozoa (@G&msa staining,
magnification: 100x, Blue arrow indicating intact acrosome,
Red arrow indicating damaged acrosome)

Photograph 4: Chlortetracycline (CTC) assay (Fluorecent microscope,
magnification: 40x, Blue arrow showing “F’-pattern,
uncapacitated and intact acrosome; Yellow arrow shwing
“B"-pattern, capacitated and intact acrosome; Red aow
showing “AR” pattern, capacitated and acrosome reated)



Photograph 5: CASA unit (Minitube, Tifenberg, Germany which is supported
with Andro Vision® software, Version 6.1)

Centroids

Curvilinear path

Average path

/

.
.
.
.

Photograph 6: Path velocities and kinematics of spmatozoa for CASA study



Photograph 7: Vanguard spermatozoa (In capillary tube filled with cervical
mucus, magnification: 40x, Blue arrow showing Vanguard
spermatozoq)






CHAPTER-4

RESULTS

In the present study, four Hariana bulls having their age between 5.0 to 9.0
years and weighing around 450 - 600 kg were used for the collection of semen. Semen
was collected twice a week from each bull by means of artificial vagina and was
evaluated for the various seminal attributes e.g. volume (ml), seminal pH, mass
motility (0-5 scale), concentration (millions / ml), progressive motility, live percent.
The ejaculate which appears to be apparently normal, having > 3.0 mass motility and

> 70 % progressive motility were processed further for cryopreservation.

The extended semen was evaluated at different stages of cryopreservation
(pre-freeze and post-thaw) for progressive motility, live spermatozoa, membrane
integrity (HOST), spermatozoa with intact acrosome (Giemsa), capacitation status of
spermatozoa, sperm motility kinematics, in vitro fertility test (BCMPT) and
antioxidative enzymes (SOT), GST, LPO [MDA]). The entire data has been presented
in Table 1.0 to 9.0 and illustrated in Figure 1.0 to 33.0 and described as follows

4.1 Seminal attributes in the freshly collected semen of Hariana bulls

The relevant data has been presented in Table 1.0 and illustrated in Figure 1.0
to 6.0.

1) Ejaculate volume {ml)

The mean semen volume of bull number H-395 was 4.28+0.33 ml. The
respective values for bull number H-448, H-580 and H-623 were 4.75+0.20,
4.92+0.30 and 5.30+0.40 ml. The overall mean seminal volume irrespective of the
bull was recorded as 4.81+0.16 ml. A significant (P<0.05) difference in the mean
semen volume was found amongst the bulls, however, bull number H-623 had
significantly (P<0.05) higher ejaculate volume compared to other bulls (Table 1.0 and
Figure 1.0).

2) Seminal pH

The mean seminal pH of bull number H-395 was 6.54+0.04. The respective
values for bull number H-448, H-580 and H-623 were 6.52+0.40, 6.61+0.05 and
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6.65+0.05. The overall mean seminal pH in the fresh ejaculate of the Hariana bull was
6.58+0.02. The seminal pH did not differ significantly amongst different bulls {Table
1.0 and Figure 2.0).

3) Mass motility (0-5 scale)

The mean mass motility of bull number H-395 was 3.50+0.13. The respective
values for bull number H-448, H-580 and H-623 were 4.16+0.19, 3.81+0.19 and
3.88+0.12. The overall mean mass motility of spermatozoa in the fresh ejaculate of
Hariana bull was 3.84+0.08 (0-5 scale). A significant (P<0.05) difference in the mass
motility was found amongst the bulls. Bull number H-448 had significantly (P<0.05)
higher mass motility compared to other bulls (Table 1.0 and Figure 3.0).

4) Sperm concentration (millions/ml)

The mean sperm concentration of bull number H-395 was 1663.75+124.27
millions/ml. The respective values for bull number H-448, H-580 and H-623 were
1908.75+109.32, 1783.75+68.63 and 1778.75+100.45 millions/ml. The overall mean
sperm concentration in the fresh ejaculate of Hariana bull was 1783.75+£51.23
millions/ml. The sperm concentration did not differ significantly amongst different

bulls (Table 1.0 and Figure 4.0).
5) Progressive motility (%)

The mean percentage of progressively motile spermatozoa in the semen of bull
number H-395 was 83.75+1.57. The respective values for bull number H-448, H-580
and H-623 were 86.25+1.57, 82.50+0.94 and 84.38+1.13 per cent. The overall mean
percentage of progressively motile spermatozoa in the fresh ejaculate of Hariana bull
was 84.22+0.68 per cent. The progressive motility did not differ significantly amongst
different bulls (Table 1.0 and Figure 5.0).

6) Live spermatozoa (%)

The mean percentage of live spermatozoa in the semen of bull number H-395
was 90.29+1.04. The respective values for bull number H-448, H-580 and H-623 were
90.96+1.00, 89.76x0.64 and 90.29+0.78. The overall mean percentage of live
spermatozoa in the fresh ejaculate of Hariana bull was 90.32+0.42. The live

percentage of spermatozoa did not differ significantly amongst different bulls (Table

1.0 and Figure 6.0).
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Table 1.0: Seminal attributes in the freshly collected semen of Hariana bulls

(Mean+SE=8)
Sperm Sperm
S P P
Bull N Ve]men Seminal Mass C Sperm . Progressive | Iijve sperm
o alamg pH Motility O&CIB(;;;;“:]‘)IO“ Motility (96)
(ml) (0-5 scale) (%)

H.205 4.28+0.33" | 6.54+0.04 | 3.50+0.13" | 1663.75£124.27 | 83.75+1.57 | 90.29+1.04
) (3.0-56) | (6.4-6.7) | (3.0-4.0) | (1200.0 - 2220.0) | (80.0-90.0) | (86.3 - 94.0)
- 4.7510.20% | 6.5240.40 | 4.1620.19* | 1908.75+109.32 | 86.25¢1.57 | 90.96+1.00
’ (4.0-54) | 6.4-6.7) | (35-5.0) | (1350.0-2310.0) | (80.0 - 90.0) | (86.7 - 94.0)

H 580 1.92+0.30"™ | 6.61+0.05 | 3.81+0.19% | 1783.75+68.63 | 82.50+0.94 | 89.76+0.64
) (3.4-6.0) | (6.4-6.8) | (3.0-45) | (1470.0 - 2040.0) | (80.0-85.0) | (87.5-92.5)
1623 5.3040.40° | 6.6510.05 | 3.88+0.12% | 1778.75+100.45 | 84.38+1.13 | 90.29:0.78
’ (3.8-70) | (6.4-6.8) | (3.5-45) | (1230.0-2120.0) | (80.0-90.0) | (86.9-93.5)
Overafy | 81016 | 6584002 | 3812008 | 1783755123 | 84.22:068 | 90.32:0.42
Verall 30-70) | 6.4-68 | (3.0-50) | (1200.0 - 2310.0) | (80.0-90.0) | (86.3 - 94.0)

‘F’ Value | 177 1.91% 2.79" 0.95M 1.38N 0.31M

Means with different small letters superscript differed significantly within a column

DMRT was used for comparing means

Figures in parenthesis indicate range
NS : Non-significant
* : Significant (P<0.05)

Table 2.0: Effect of different concentrations of lycopene on per cent progressively motile

spermatozoa at pre-freeze and post-thaw stages of Hariana bull semen.

(Mean+SE=32)

Group I Group II Group III Group IV
Stage ‘I’ Value
(Control) (0.25mM ) (0.5mM) (1mM)
69.84+20.93" 7297+14.11* | 49.84+19.65° | 39.53+33.97¢
Pre-freeze 484.04**
(65.0 - 75.0) (70.0 - 75.0) (45.0 - 55.0) (30.0 - 45.0
43.44423.21° 50.16+29.17* | 32.97+23.67° 23.6+21.8¢
Post-thaw 230.32%*
(40.0 - 55.0 (40.0 - 60.0) (25.0 - 45.0) (20.0 - 30.0)

Means with different small letter superscripts differed significantly within a row

DMRT was used for comparing means
Figures in parenthesis indicate range
*: Significant (P<0.05)

** highly significant (P<0.01)

This pattern has been followed in subsequent tables
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Figure 1.0: Graphical presentation of mean seminal volume (ml) in the freshly collected semen of

Hariana hulls

7 =
6.8 -
6.6 -
6.4 -
- =
o
6.2 -
6 -
5.8 -
5.6 = L] T T 1
H-395 H-448 H-580 H-623 Overall
Bulls

Figure 2.0: Graphical presentation of mean seminal pH in the freshly collected semen of Hariana
bulls
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Figure 3.0: Graphical presentation of mean mass motility (0-5 scale) of Spermatozoa in the

freshly collected semen of Hariana bulls
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Figure 4.0: Graphical presentation of mean sperm concentration (millions/ml) in the freshly

collected semen of Hariana bulls.
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Figure 5.0: Graphical presentation of mean per cent progressive motility of spermatozoa in

diluted semen of Hariana bulls
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Figure 6.0: Graphical presentation of mean per cent live spermatozoa in the freshly collected

semen of Hariana bulls
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Figure 7.0: Graphical presentation of effect of different concentrations of lyocopene (Group I-
control, Group 11- 0.25mM, Group II1- 0.5Mm and Group IV- 1mM) on per cent

progressively motile spermatozoa of Hariana bull semen during freeze-thaw process
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Figure 8.0: Graphical presentation of effect of different concentrations of lyocopene (Group I-
control, Group II- 0.25mM, Group I1I- 0.5mM and Group IV- 1mM) on per cent

live spermatozoa of Hariana bull semen during freeze-thaw process



Results

4.2 Effect of lycopene on semen quality of Hariana bull at pre-freeze and post-
thaw stage

After the evaluation of freshly collected semen, samples which fulfil the
criteria as stated vide supra, the semen was extended with EY'TG. The extended
semen was divided and supplemented with lycopene into four different portions to
make four groups as Group I (Control), Group I (0.25mM), Group III (0.5mM) and
Group IV (ImM). These samples were then processed for freezing in a programmable
biological freezer in the presence of LN, vapour in a controlled manner. The vapour
freezed semen samples were then stored in LN; container and after 24 hours of

storage in LN, were subjected to thawing (37°C for 45 seconds).

The relevant data has been presented in Table 2.0 to 9.0 and Figure 7.0 to
33.0.

(1) Progressively motile spermatozoa (%)
The relevant data has been presented in Table 2.0 and illustrated in Figure 7.0.

At pre-freeze stage, percentage of progressively motile spermatozoa of
Hariana bull was found as 69.84+20.93 in group I. The respective values in group II,
group III and group IV were 72.97+14.11, 49.84+19.65 and 39.53+£33.97 per cent. Per
cent individual progressive motility of spermatozoa was highly significant (P<0.01) in

group Il as compared to 1, Il and IV groups.

At post-thaw stage, percentage of progressively motile spermatozoa of
Hariana bull was found as 43.44+23.21 in group 1. The respective values in group II,
group III and group IV were 50.16+29.17, 32.97+£23.67 and 23.6+21.80 percent. Per
cent individual progressive motility of spermatozoa was highly significant (P<0.01) in

group 1l as compared to [, lIl and IV groups.
(2) Live spermatozoa (%)
The relevant data has been presented in Table 3.0 and illustrated in Figure 8.0.

At pre-freeze stage, the live sperm percentage of Hariana bull was found as
74.58:+0.37 in group . The respective values in group I, group 11l and group 1V were
76.92+0.37, 64.81+0.73 and 54.59+0.98 per cent. Per cent live spermatozoa were
highly significant (P<0.01) in group II as compared to I, III and IV groups.
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At post-thaw stage, the live sperm percentage of Hariana bull was found as
66.08:+0.61 in group . The respective values in group lI, group 11l and group 1V were
68.88+0.39, 35.25+0.94 and 40.31+0.99 per cent. Per cent live spermatozoa were
highly significant (P<0.01) in group Il as compared to I, [Tl and TV groups.

(3) HOST reactive spermatozoa (%)
The relevant data has been presented in Table 4.0 and illustrated in Figure 9.0.

At pre-freeze stage, percentage of HOST reactive spermatozoa of Hariana bull
was found as 70.17+0.66 in group I. The respective values in group II, group III and
group IV were 72.06+0.55, 51.50+0.71 and 44.38+0.52 per cent. Percent HOST
reactive spermatozoa were highly significant (P<0.01) in group Il as compared to I,

I and IV groups.

At post-thaw stage, percentage of HOST reactive spermatozoa of Hariana bull
was found as 61.55+0.75 in group L. The respective values in group I, group 11l and
group 1V were 63.90+0.54, 43.72+0.64 and 34.88+0.93 per cent. Per cent HOST
reactive spermatozoa were highly significant (P<0.01) in group II as compared to T,

I and IV groups.
(4) Spermatozoa with Intact acrosome (%)

The relevant data has been presented in Table 5.0 and illustrated in Figure
10.0.

At pre-freeze stage, percentage of spermatozoa with intact acrosome in the
semen of Hariana bull was found as 70.56+0.68 in group 1. The respective values in
group II, group IIT and group IV were 73.36=0.78, 58.81+£0.99 and 48.88+0.85 per
cent. Percentage of spermatozoa with intact acrosome were highly significant

(P<0.01) in group Il as compared to I, [Il and [V groups.

At post-thaw stage, percentage of spermatozoa with intact acrosome in the
semen of Hariana bull was found as 63.16+0.78 in group 1. The respective values in
group II, group IIT and group IV were 66.04=+0.81, 50.00+£0.98 and 40.42+0.84 per
cent. Percentage of spermatozoa with intact acrosome were highly significant

(P<0.01) in group Il as compared to I, [Il and [V groups.
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freeze and post-thaw stages of Hariana bull semen

Table 3.0: Effect of different concentrations of lycopene on per cent live spermatozoa at pre-

(Mean+SE=32)

Group I Group II Group III Group IV
Stage ‘F’ Value
(Control) (0.25mM ) (0.5mM) (1mM)
74.58+0.37" 76.92+0.37 64.81+0.73¢ 54.59+0,98¢
Pre-freeze 237.29%*
(69.4 - 77.9) (72.4 - 79.6) (52.6 - 70.0) (41.9 - 68.6)
66.08+0.61" 68.88+0.39% 55.25+0.94° 40.31+0,994
Post-thaw 280.82**
(54.5 - 70.9) (65.0 - 73.9) (40.8 - 63.2) (28.9 - 50.1)

Table 4.0: Effect of different concentrations of lycopene on per cent HOS test responsive
spermatozoa at pre-freeze and post-thaw stages of Hariana bull semen

(Mean+SE=32)

Group I Group II Group III Group IV
Stage ‘F’ Value
{Control) (0.25mM ) (0.5mM) (1mM)
70.17+0.66" 72.06+0.55° 51.50+0.71°¢ 44.38+0.52¢
Pre-freeze 495.00**
(61.5 - 76.6) (64.5 - 76.7) (43.2 - 62.5) (38.9 - 50.5)
61.65+0.75 63.90+0,54° 43.72+0.64° 34.88+0.934
Post-thaw 369.82**
(48.4 - 67.2) (58.5 - 68.94) (36.9 - 48.7) (23.4 - 47.5)

Table 5.0: Effect of different concentrations of lycopene on per cent Spermatozoa with intact
acrosome at pre-freeze and post-thaw stages of Hariana bull semen

(Mean+SE=37)

Group 1 Group I1 Group II1 Group 1V
Stage ‘T” Value
(Control) (0.25mM ) (0.5mM) (ImM)
70.56+0.68" 73.36+0.78* 58.81+0.99° 48.88+0.851
Pre-freeze 182.93**
(62.7 - 74.5) (60.7 - 84.4) (46.8 - 70.4) (40.2 - 62.5)
63.16+0.78" 66.04+0.81° 50.0040.98° | 40.4210.84¢
Post-thaw 193.64**
(53.2 - 69.0) (1.6 - 76.2) (38.2 - 64.8) (29.5 - 48.8)
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Figure 9.0: Graphical presentation of effect of different concentrations of lyocopene (Group I-
control, Group II- 0.25mM, Group I1I- 0.5mM and Group IV- 1mM) on per cent

HOST reactive spermatozoa of Hariana bull semen during freeze-thaw process
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Figure 10.0: Graphical presentation of effect of different concentrations of lyocopene (Group I-
control, Group II- 0.25mM, Group IlI- 0.5mM and Group 1V- 1mM) on per cent
spermatozoa with intact acrosome of Hariana bull semen during freeze-thaw

process.



Results

4.3 Evaluation of capacitation like changes (CTC Assay)
(1) Uncapacitated Spermatozoa (F-pattern)

The relevant data has been presented in Table 6.0 and illustrated in Figure
11.0.

At pre-freeze stage, the mean percentage of uncapacitated spermatozoa was
found as 74.70+0.41 in group L. The respective values in group 1I, group Il and group
IV were 78.53+0.32, 71.56+0.44 and 64.2040.45. Percentage of uncapacitated
spermatozoa was found to be highly significant (P<0.01) in group II as compared to I,

I and TV groups.

At post-thaw stage, the mean percentage of uncapacitated spermatozoa was
found as 47.86+0.98 in group 1. The respective values in group II, group III and group
IV were 56.20+0.87, 49.80+0.76 and 37.70+0.94. Percentage of uncapacitated
spermatozoa was found to be highly significant (P<0.01) in group Il as compared to I,

I and TV groups.
(2) Capacitated Spermatozoa (B-pattern)

The relevant data has been presented in Table 6.0 and illustrated in Figure
12.0.

At pre-freeze stage, the mean percentage of capacitated spermatozoa was
found as 16.71+0.26 in group L. The respective values in group 1I, group Il and group
IV were 13.18+0.50, 18504048 and 22.24+0.56. Percentage of capacitated
spermatozoa was found to be highly significant (P<0.01) in group IV as compared to

I, IT and IIT groups.

At post-thaw stage, the mean percentage of capacitated spermatozoa was
found as 42.55+0.79 in group I. The respective values in group II, group III and group
IV were 35.00+0.75, 36.71£0.91 and 44.61+£0.90. Percentage of capacitated
spermatozoa was found to be highly significant (P<0.01) in group I and group IV as
compared to IT and 1T groups.

(3) Acrosome reacted Spermatozoa (AR-pattern)

The relevant data has been presented in Table 6.0 and illustrated in Figure
13.0.
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At pre-freeze stage, the mean percentage of acrosome reacted spermatozoa
was found as 8.59+0.42 in group L. The respective values in group 11, group 11l and
group IV were 8.30+0.64, 10.13+0.59 and 13.55+0.48. Percentage of acrosome
reacted spermatozoa was found to be highly significant (P<0.01) in group IV as
compared to I, IT and IIT groups.

At post-thaw stage, the mean percentage of acrosome reacted spermatozoa
was found as 9.60+0.58 in group I. The respective values in group II, group III and
group IV were 8.79+0.63, 13.49+0.87 and 17.68+0.98. Percentage of acrosome
reacted spermatozoa was found to be highly significant (P<0.01) in group IV as
compared to I, IT and IIT groups.

4.4 Sperm motility and kinematic parameters

The relevant data has been presented in Table 7.0 and illustrated in Figure
14.0 to 29.0.

Total sperm motility was estimated in control (group I) and different lycopene
treated groups (group II, TIT and TV) both during pre-freezing and post-thaw and the
results are summarized in Table 7.0 and Figure 14.0. At pre-freeze stage, total sperm
motility was significantly decreased in group Il and group IV compared to group |
and II. Higher total sperm motility was observed in group II. Similar trend in total
sperm motility was observed after post-thaw in control and different lycopene treated
groups.

Sperm progressive motility was estimated in control (group I) and different
Lycopene treated groups (group I, III and [V) both during pre-freezing and post-thaw
and the results are illustrated in Table 7.0 and Figure 15.0. Perusal of results revealed
that at pre-freeze stage significant reduction in progressive motile spermatozoa in
group III and group IV compared to group I and II. Higher progressive sperm motility
was observed in group ll. Post-thaw semen evaluation showed similar trend for

progressive motile sperm in control and different lycopene treated groups.

Fast motility was estimated in control (group I) and different lycopene treated
groups (group II, TIT and TV) both during pre-freezing and post-thaw and the results
are illustrated in Table 7.0 and Figure 16.0. Perusal of results revealed that at pre-
freeze stage significant reduction in fast motile spermatozoa in group Ill and group IV

compared to group I and II. Higher fast motility was observed in group II. Post-thaw
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Table 6.0: Effect of different concentrations of lycopene on per cent spermatozoa showing

different patterns of chlortetracycline fluorescent staining at pre-freeze and post-

thaw stages of Hariana bull semen

(Mean+SE=37)

CTC staining | Stage Group | Group II Group III Group IV o
pattern (Control) 0.25mM ) (0.5mM) (1mM) Value
B patern | PTE | 7470:0.41° | 7853:0.32° | 71.36:0.44° | 64.20:0.45% | 222.18*
E freeze| (69.9-79.8) | (75.6-82.2) | (66.5-75.4) | (60.1 -69.8)
(Uncapacitated,
acrosome | post | 47.86+0.98" | 56.20+0.87* | 19.80+0.76" | 37.70+0.94° | 73.72%*
s thaw | (38.2-58.4) | (44.8-65.6) | (11.6-582) | (30.0-46.8)
“B” vattern | PTe | 1671:026° | 13.1810.50' | 18.50:0.48" | 2224:056" | 65.40*
¥ freeze| (12.0-18.9) | (6.8-18.0) | (12.0-24.6) | (13.7-26.4)
(Capacitated,
Acrosome 1 poge | 42.55+0.79* | 35.00+0.75" | 36.71+0.91" | 44.61£0.90" | 29.75%*
Infagl thaw | (34.6-49.6) | (252 442) | (26.8-45.0) | (35.8-56.2)
“AR” vattern | PP | 859:0.42° | 8.30:0.64° | 10.13:0.59" | 13.55:0.48" | 19.94%
P freeze| (18.0-12.6) | (0.4-15.4) | (3.6-183) | (82-18.4)
(Capacitated,
acmso‘;e Post-| 9.60+0.58° | 8.79+0.63° | 13.49:0.87" | 17.68+0.98" | 27.32%*
ey thaw | (3.2-164) | (15-192) | (4.4-22.4) | (8.3-26.0)
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Figure 11.0: Graphical presentation of effect of different concentrations of lyocopene (Group I-
control, Group 1I- 0.25mM, Group III- 0.5mM and Group IV- 1mM) on per cent
spermatozoa showing F-pattern (uncapacitated, acrosome intact) as observed with

CTC staining of Hariana bull semen during freeze-thaw process
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Figure 12.0: Graphical presentation of effect of different concentrations of lyocopene (Group I-
control, Group 1I- 0.25mM, Group III- 0.5mM and Group IV- ImM) on per cent
spermatozoa showing B-pattern (capacitated, acrosome intact) as observed with

CTC staining of Hariana bull semen during freeze-thaw process
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Figure 13.0: Graphical presentation of effect of different concentrations of lyocopene (Group I-
control, Group II- 0.25mM, Group III- 0.5mM and Group IV- 1mM) on per cent
spermatozoa showing AR-pattern (capacitated, acrosome reacted) as observed with

CTC staining of Hariana bull semen during freeze-thaw process
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Figure 14.0: Graphical presentation of effect of different concentrations of lyocopene (Group I-
control, Group II- 0.25mM, Group III- 0.5mM and Group IV- 1mM) on per cent
total motile spermatozoa (CASA) of Hariana bull semen during freeze-thaw

process



Table 7.0: Effect of different concentrations of lycopene on sperm motility and kinematic parameters as observed through CASA at pre-
freeze and post-thaw stages of Hariana bull semen

(Mean+SE=32)

Parameters Stage Group I Group II Group II1 Group IV ‘F’ Value
{Control) (0.25mM) (0.5mM) (1mM)
Total motility Pre -freeze 73.7+1.357 81.85+0.94% 57.87+1.30° 46.89.1.067 178.08™
(96) (60-84.8) (67.1-92.3) (42.66-69.64) (33.11-55.8)
Post -thaw 55.44+1.18" 58.95+1.21% 46.74:1.00° 35.70+0.821 94.39"
(45.29-66) (47.88-69.64) (36.86-55.73) (26.89-41.64)
Progressive motility Pre -freeze 66.80+1.41" 76.22+1.22° 49,99+1,36° 38.32+1.02¢ 179.917
(96) (54-79.3) (63.05-89.03 (35.22-62.6) (22.22-47.56)
Post -thaw 47.18«1.27° 51.39+1.22% 38.29+0.87° 28.11+0.769 95717
(36.47-59.79) (38.94-62.60) (29.21-45.48) (20.48-34.61)
Fast motility Pre freeze 47.80+1.11" 55.98+1.70% 34.22+1.15° 26.24+0.901 114,96
(96) (34-56.26) (37.07-76.06) (23.23-49.11) (14.67-35.03)
Post -thaw 32.00+0.95" 35.34+1.08° 26.38=0.74° 17.63+0.747 75.69
(21.01-48) (27.77-49.11) (20.02-35.03) (10.08-25.83)
Slow motility Pre -freeze 18.4310.84% 19.56+0.97° 14.8310.54" 11.78+0.39° 24.08"
(96) (11.5-27) (11.67-29.08) (11.02-20.94) (7.48-16.99)
Post -thaw 14.12+0.58% 15.28+0.56 11.53+0.43" 10.41+0.40P 20,457
(7.64-20.94) (11.02-21.79) (7.64-16.99) (5.73-14.74)
VCL Pre -freeze 123.06+1.96" 142.97+3.96" 95.27+2.68° 77.5+2.087 108.65
(ums) (103-138) (105.9-201.3) (71.17-123.7) (19.52-97.58)
Post -thaw 90.58+2.57" 99.10+2.39% 77.08+1.72° 56.32+1.781 75427
(63.56-123.69) (74.87-123.74) (56.47-93.97) (37.76-74.17)
VSL Pre freeze 42.93+0.80" 50.80+1.70° 34.31+1.12° 28.80+0.801 69.36"
(m/s) (36.9-50) (38.09-73.84) (23.24-47.38) (20.05-38.95)
Post -thaw 33.30+1.14" 35.86+0.95" 28.76+0.71° 20.55+0.707 56.447
(23.24-47.38) (26.12-47.38) (19.28-38.95) (12.95-27.68)
VAP Pre freeze 59.88+1.05" 69.63+1.81% 46.79+1.32° 39.35+1.087 99.47"
(pm/s) (50-68.37) (51.79-95.19) (32.53-61.41) (27.88-49.79)
Post -thaw 45.12+1.28" 48.23+1.13* 39.04-0.92° 28.1520.801 71.15

(32.53 61.41)

(37.97 61.41)

(28.33 49.05)

(19.49 36.40)




DCL Pre -freeze 38.87+1.25" 43.72+1.06° 31.60=0.91° 26.760.777 55.37
(um) (25-46.85) (29.76-54.35) (24.5-44.05) (15.95-35.11)
Post -thaw 30.19+0.85% 31.70+0.95% 26.53+0.60P 19.77<0.51° 50.36"
(24.93-44.05) (24.00-44.05) (20.66-34.45) (14.48-25.15)
DSL Pre freeze 10.56+0.34" 12.26+0.31° 8.85+0.32° 7.20+0.227 52.72"
(pm) (6-12.4) (7.97-15.52) (6-14.08) (1.31-9.62)
Post -thaw 8.51=0.34" 9.22+0.30° 7.20+0.18° 5.32:0.157 44,797
(6-14.08) (6.00-14.08) (5.63-9.62) (3.67-6.98)
DAP Pre freeze 17.30+0.607 19.43+0.49° 14.18+0.43° 11.63+0.367 51.647
(pm) (11-21.5) (12.93-23.26) (10.25-20.03) (7.07-15.52)
Post -thaw 13.63+0.41° 14.12+0.43° 11.50+0.28" 8.55+0.20° 53.75
(11-20.03) (11-20.03) (8.42-15.15) (6.30-10.66)
ALH Pre -freeze 1.45+0.03" 1.65+0.042 1.10+0.03° 0.93=0.027 107.927
(pm) (1-1.62) (1.22-2.14) (0.82-1.47) (0.56-1.18)
Post -thaw 1.04=0.027 1.16+0.03* 0.92+0.02° 0.70=0.027 75.94
(0.82-1.4) (0.94-1.47) 0.74-1.12) (0.52-0.88)
BCF Pre -freeze 8.63+0.16" 9.64+0.13° 7.50+0.21° 5.88:0.157 90.69"
(Hz) (6-10) (8.22-11.11) (5.61-10.27) (3.61-7.72)
Post -thaw 7.09+0.23° 7.58+0.22% 5.88-0.14" 4.70+0.13° 47,697
(5.32-10.21) (5-10.27) (4.43-7.72) (3.21-6.52)
HAC Pre freeze 0.30+0.00" 0.35+0.00? 0.23+0.00° 0.18+0.007 98.83"
(Rad) (0.19-0.35) (0.26-0.46) (0.16-0.32) (0.13-0.23)
Post -thaw 0.21=0.00" 0.23+0.00° 0.19+0.01° 0.13=0.007 33.16
(0.16-0.3) (0.19-0.32) (0.14-0.52) (0.09-0.17)
WOB Pre freeze 0.48=0.00" 0.50=0.00° 0.49=0.00" 0.51+0.00° 818"
(VAP/VSL) (0.4-0.51) (0.47-0.51) (0.4-0.52) (0.47-0.56)
Post -thaw 0.50+0.0° 0.47+0.00° 0.51+0.00% 0.50+0.00% 8.56
(0.4-0.54) (0.40-0.51) (0.47-0.54) (0.47-0.54)
LIN Pre -freeze 0.34+0.00° 0.36=0.00" 0.36=0.00" 0.37+0.00° 8807
(VSL/VCL) (0.3-0.38) (0.32-0.4) (0.3-0.39) (0.33-0.43)
Post -thaw 0.36=0.00% 0.35=0.007 0.37=0.00% 0.36+0.007 6.07
(0.3-0.41) (0.30-0.39) (0.33-0.41) (0.33-0.4)
STR Pre freeze 0.71+0.00" 0.72+0.00° 0.73+0.00%" 0.73+0.00% 1.92°
(VSL/VAP) (0.65-0.79) (0.65-0.8) (0.65-0.78) (0.67-0.79)
Post -thaw 0.73+0.00 0.73+0.00 0.74+0.00 0.73+0.00 075
(0.67-0.79) (0.65-0.78) (0.67-0.79) (0.66-0.78)
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Figure 15.0: Graphical presentation of effect of different concentrations of lyocopene (Group I-
control, Group II- 0.25mM, Group III- 0.5mM and Group IV- 1mM) on per cent
progressively motile spermatozoa (CASA) of Hariana bull semen during freeze-thaw

process
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Figure 16.0: Graphical presentation of effect of different concentrations of lyocopene (Group I-
control, Group II- 0.25mM, Group I1I- 0.5mM and Group IV- 1mM) on per cent

fast motile spermatozoa (CASA) of Hariana bull semen during freeze-thaw process
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Figure 17.0: Graphical presentation of effect of different concentrations of lyocopene (Group I-
control, Group II- 0.25mM, Group I1I- 0.5mM and Group IV- 1mM) on per cent

slow motile spermatozoa (CASA) of Hariana bull semen during freeze-thaw process
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Figure 18.0: Graphical presentation of effect of different concentrations of lyocopene (Group I-
control, Group I1- 0.25mM, Group III- 0.5mM and Group IV- 1mM) on curvilinear
velocity (pm/s) of Hariana bull spermatozoa (CASA) during freeze-thaw process
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Figure 19.0: Graphical presentation of effect of different concentrations of lyocopene (Group I-

control, Group II- 0.25mM, Group I1I- 0.5mM and Group V- 1mM) on straight line
velocity (pm/s) of Hariana bull spermatozoa (CASA) during freeze-thaw process
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Figure 20.0: Graphical presentation of effect of different concentrations of lyocopene (Group I-
control, Group II- 0.25mM, Group III- 0.5mM and Group IV- 1mM) on average
path velocity (pm/s) of Hariana bull spermatozoa (CASA) during freeze-thaw

process
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Figure 21.0: Graphical presentation of effect of different concentrations of lyocopene (Group I-
control, Group II- 0.25mM, Group I1I- 0.5mM and Group IV- 1mM) on curvilinear

distance (prm) of Hariana bull spermatozoa (CASA) during freeze-thaw process
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Figure 22.0: Graphical presentation of effect of different concentrations of lyocopene (Group I-
control, Group 11- 0.25mM, Group Il1I- 0.5mM and Group V- 1mM) on straight

line distance (prm) of Hariana bull spermatozoa (CASA) during freeze-thaw process
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Figure 23.0: Graphical presentation of effect of different concentrations of lyocopene (Group I-
control, Group 11- 0.25mM, Group IlI- 0.5mM and Group 1V- 1mM) on average
path distance (pum) of Hariana bull spermatozoa (CASA) during freeze-thaw

process
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Figure 24.0: Graphical presentation of effect of different concentrations of lyocopene (Group I-
control, Group 11- 0.25mM, Group IlI- 0.5mM and Group 1V- 1mM) on amplitude
of lateral head displacement (um) of Hariana bull spermatozoa (CASA) during

freeze-thaw process
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Figure 25.0: Graphical presentation of effect of different concentrations of lyocopene (Group I-
control, Group II- 0.25mM, Group I11- 0.5mM and Group IV- 1mM) on beat cross

frequency (Hz) of Hariana bull spermatozoa (CASA) during freeze-thaw process

0.4 -

0.35

0.3

0.25
W Group |

0.2 B Group |l

HAC (Rad)

H Group I
0.15
M Group IV

0.1

0.05

Pre —freeze Post —thaw

Figure 26.0: Graphical presentation of effect of different concentrations of lyocopene (Group I-
control, Group 1I- 0.25mM, Group III- 0.5mM and Group 1V- 1mM) on head
activity parameter (Rad) of Hariana bull spermatozoa (CASA) during freeze-thaw

process
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Figure 27.0: Graphical presentation of effect of different concentrations of lyocopene (Group I-
control, Group II- 0.25mM, Group III- 0.5mM and Group IV- 1mM) on wobble
(VAP/VCL) of Hariana bull spermatozoa (CASA) during freeze-thaw process

0.375 -
a a
0.37
0.365
8 G I
0.36 B Group
S
E H Group |l
= 050 m Group Il
—
M Group IV
0.35
0.345

0.34

Pre —freeze Post —thaw

Figure 28.0: Graphical presentation of effect of different concentrations of lyocopene (Groupl-
control, Groupll- 0.25mM, Grouplll- 0.5mM and GrouplV- 1mM) on linearity
(VSL/VCL) of Hariana bull spermatozoa (CASA) during freeze-thaw process



Results

semen evaluation showed similar trend for fast motile sperm in control and different

lycopene treated groups.

Slow motility was estimated in control (group I} and different lycopene treated
groups (group I, Il and IV) both during pre freezing and post-thaw and the results
are illustrated in Table 7.0 and Figure 17.0. Perusal of results revealed that at pre-
freeze stage significant reduction in slow motile spermatozoa in group III and group
IV compared to group I and II. However, non-significant difference was observed for
slow motile population between group | and 1. Post-thaw semen evaluation showed

similar trend for slow motile sperm in control and different lycopene treated groups.

Velocity and motion parameters of spermatozoa of different groups after
equilibration and post-thaw are illustrated in Table 7.0 and Figure 18.0 to Figure 23.0.
Velocity parameters like VCL, VSL and VAP showed similar trend both before
freezing and after freezing-thawing. The velocity parameters were highly significant
(P<0.01) in group Il compared to other groups during both the phases. Similar to the
velocity parameters, motion parameters (distance) revealed highly significant
(P<0.01) values in group II compared to other groups. After thawing, DCI. and DAP

did not show significant variation between group I and group IT (Table 7.0).

The kinematic parameters like ALH and HAC showed similar trend like that
of velocity and motion parameters at pre-freeze and post-thaw stage freezing-thawing
(Table 7.0 and Figure 24 & 26). While, parameters like BCF showed significant
reduction in group IlI and IV and non-significant difference between group | and I
after post-thaw (Table 7.0 and Figure 25). Interestingly, WOB and LIN showed
similar trend after post thaw and group Il and IV did not show any significant
difference compared to other groups (Table 7.0 and Figure 27 & 28). STR is the only
kinematic parameter which did not show any significant variation between all groups

at pre-freeze and post-thaw stage (Table 7.0 and Figure 29).

4.5 In vitro fertility test Bovine Cervical Mucus Penetration Test (BCMPT,

mm/hr)

The relevant data has been presented in Table 8.0 and illustrated in Figure
30.0.
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Results

At post-thaw stage, the mean Vanguard distance (mm/h) was determined as
23.53:+0.60 mm in group L. The respective values in group I, group Il and group IV
were 34.75+0.68, 28.75+0.75 and 22.56+0.47 mm. Vanguard distance were highly
significant (P<0.01) in group Il as compared to I, TIT and TV groups. However, no
significant difference was observed in Vanguard distance among group I and 1V,

being highest in group 1l and lowest in group IV.
4.6 Seminal Plasma Enzymatic Profile

Seminal plasma is a complex biological fluid containing various biochemical
enzymes. Seminal plasma enzymes were evaluated at post thaw stage and enzyme
activities were measured for SOD (Superoxide dismutase), GST (Glutathione-S-
transferase) and MDA (Malondialdehyde) enzymes. The relevant data has been
presented in Table 9.0 and illustrated in Figure 31.0 to 33.0.

(1) Superoxide dismutase (SOD) activity (U/ml)

The relevant data has been presented in Table 9.0 and illustrated in Figure
31.0.

At post-thaw stage, the SOD activity (U/ml) of Hariana bull seminal plasma
was found as 804.07+20.51 in group I. The respective values in group II, group III
and group IV were 770.51+19.12, 782.41+21.09 and 787.91+21.69 (U/ml). No

significant (P>0.05) difference was found in SOD activity amongst different groups.
(2) Glutathione-S-Transferase (GST) activity (nM/min/ml)

The relevant data has been presented in Table 9.0 and illustrated in Figure
32.0.

At post-thaw stage, the GST activity (nM/min/ml) of Hariana bull seminal
plasma was found as 65.09+1.63 in group I. The respective values in group II, group
[T and group IV were 46.17+4.72, 59.18+1.85 and 66.99+4.99 (nM/min/ml). GST
activity was found to be significantly (P<0.01) lower in group Il compare to group I,
[T and V. However, no significant (P>0.05) difference was observed in GST activity

among group I, group III and group IV.
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Table 8.0: Effect of different concentrations of lycopene on distance (mm/hr) traveled by

spermatozoa in oestrus mucus as observed through Bovine Cervical Mucus

Penetration Test at post-thaw stage of Hariana bull semen

(Mean+SE=37)

Group I Group II Group III Group IV
Stage ‘T” Value
(Control) 0.25mM ) 0.5mM) (1mM)
23.53+0.60° | 34.75+0.68" 28.75+0.75" | 22.56+0.47°
Post-thaw 78.09**
(18-30) (28-45) (22-40) (18-28)

Table 9.0: Effect of different concentrations of lycopene on seminal plasma enzymatic profile

(SOD (U/ml); GST (nM/min/ml); MDA (nM/pl)) at post-thaw stage of Hariana bull

semen
(Mean+SE=32)
Seminal | Stage Group [ Group I1 Group III Group IV ‘F
plasma Value
enzymatic (Control) (0.25mM ) (0.5mM) (1mM)
profiles
SOD Post- | 804.07+20.51 | 770.51+19.12 782.41+21.09 787.91+21.69 | 0.456™
(U/ml) thaw
(652.69-942.47) |(643.55-936.56) | (643.55-1000.54) | (653.22-973.66)
GST Post- 65.09+1.63* 48.17+4.72° 50.18+1.85% 66.99+4.99° 6.64*
(nM/min/ | thaw
ml) (46.09-74.22) | (14.06-117.19) (44.53-76.586) (25.78-103.91)
MDA Post- 0.13x0.01° 0.07+0.01° 0.09+0.01™ 0.10+0.01" 9.81**
(nM/pl) thaw
(0.03-0.23) (0.03-0.09) (0.05-0.12) (0.02-0.16)
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Figure 29.0: Graphical presentation of effect of different concentrations of lyocopene (Group I-
control, Group 1I- 0.25mM, Group III- 0.5mM and Group 1V- 1mM) on
straightness (VSL/VAP) of Hariana bull spermatozoa (CASA) during freeze-thaw

process
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Figure 30.0: Graphical presentation of effect of different concentrations of lyocopene (Group I-
control, Group 11- 0.25mM, Group III- 0.5mM and Group 1V- 1mM) on distance
(mm/hr) travelled by spermatozoa in oestrus mucus as observed through Bovine
Cervical Mucus Penetration Test of Hariana bull spermatozoa during post-thaw

process
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Figure 31.0:

Graphical presentation of effect of different concentrations of Iyocopene (Group I-
control, Group II- 0.25mM, Group III- 0.5mM and Group IV- 1mM) on superoxide
dismutase (SOD) activity (U/ml) in the seminal plasma of Hariana bull semen

during post-thaw process
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Figure 32.0: Graphical presentation of effect of different concentrations of lyocopene (Groupl-

control, Groupll- 0.25mM, Grouplll- 0.5mM and GrouplV- 1mM) on glutathione-
S transferase (GST) activity (mM/min/ml) in the seminal plasma of Hariana bull

semen during post-thaw process
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Figure 33.0: Graphical presentation of effect of different concentrations of lyocopene (Group I-
control, Group II- 0.25mM, Group III- 0.5mM and Group IV- 1mM) on
Malondialdehyde (MDA) activity (nM/pl) in the seminal plasma of Hariana bull

semen during post-thaw process



Results

(3) Malondialdehyde (MDA) activity (nM/ul)

The relevant data has been presented in Table 9.0 and illustrated in Figure
33.0.

At post-thaw stage, the level of MDA activity (nM/j1l) was found as 0.13+0.00
in group 1. The respective values in group I, group Il and group IV were 0.07+0.00,
0.09+0.00 and 0.10+0.01 (nM/pl). MDA activity was found to be significantly
(P<0.01) lower in group I compare to group I, Il and TV.
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CHAPTER-5

DISCUSSION

Lycopene has been used for semen cryopreservatiamimal species like
Bull, Buck, Ram, Rabbit, Fowl, Turkey and Dog witarying degree of beneficial
effect on semen cryopreservation of these spetiesas further postulated that

Lycopene can be useful upto certain extent for gryservation of bull spermatozoa.

In the present study, four Hariana bulls havingrthge between 5.0 to 9.0
years and weighing around 450 - 600 kg were usethécollection of semen. Semen
was collected twice a week from each bull by thexnseof artificial vagina and was
evaluated for the various seminal attributes egume (ml), seminal pH, mass
motility (0-5 scale), concentration (millions / mprogressive motility, live percent.
The ejaculate which seems to be apparently noima&ing> 3.0 mass motilityz 70
% progressive motility and concentrati®ri200 millions/ml were selected for further

cryopreservation.

Ejaculates fulfilling the criteria were subjectedextension with egg-yolk-tris
along with supplementation of lycopene in differennhcentrations. The extended
semen was evaluated at pre-freeze and post-th@e &a progressive motility, live
spermatozoa, membrane integrity (HOST), spermatowdth intact acrosome
(Giemsa), capacitation status of spermatozoa, speotility & kinematics,in vitro
fertility test (BCMPT) and antioxidative enzymesQl, GST, LPO [MDA]). The
major focus of the study was to evaluate the eff€étgcopene on various attributes of
Hariana bull semen during the freez-thaw procesfiowing freezing, semen was
stored in LN container and was thawed after 24 hours of storBige thawed semen
samples were than evaluated for above cited semitrddutes. The entire results have

been discussed as under.
5.0 Seminal attributes in the freshly collected seem of Hariana bulls
1. Ejaculate volume

Ejaculate volume is the most important paramesetha number of breeding

doses of A.l. depends on the ejaculate volume pathsconcentration.
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In the present study, the ejaculate seminal volwaeed significantly
(P<0.05) among the four Hariana bulls and rangesdsn 4.28+0.33 ml to 5.30+0.40
ml. Earlier information for this parameter from tb@me lab revealed a mean volume
of 4.38+0.47 ml to 6.58+0.38 ml (Sachan, 2013)86&®B74 ml (Patel, 2014), 5.91+
0.44 ml (Yadav, 2014), 5.65+0.23 ml (Shah, 2016%4%0.21 ml (Yadav, 2017),
5.86+0.17 ml (Yadav, 2018) and 5.12+0.23 ml (Rath@®@019). Our results are in
concurrence with earlier reports and reflect themra semen volume of this breed of
animal. The volume of semen was reported to vath Wwieed, age, body or scrotal
size, frequency of collection, exercise, teasiegssn, level of nutrition, reproductive
health and method of collection (Hafez & Hafez, @00The variation in semen

volume in our finding could be because of the aasons as stated vide supra.
2.pH

pH of the semen regulates the acid balance inghers in terms of prostate
secretions. The rise in the pH is an indication tha sperms neutralizing capacity in
terms of alkali/buffer secretion is poor. The aityivwf proton channels present in the
sperms is also increased and hence an acidificatisamen. The change in the pH of

semen affects the sperm motility and fertility @pi{Purdy, 2006).

In the present study, the overall mean seminal fpHaoiana bull was found as
6.58+0.02 which did not differ significantly amontee bulls. Earlier studies from the
same lab reported a mean seminal pH of 6.84+0.8dh@, 2013), 6.81+0.02 (Patel,
2014), 6.82+0.01 (Yadav, 2014), 6.59+0.03 (Shalh,6206.63+0.03 (Yadav, 2017),
6.55+0.02 (Yadav, 2018) and 6.58+0.03 (Rathore920Qur results are within the
reported range indicating normal seminal pH.

3. Mass Motility

The mass motility of spermatozoa is a wholesomeeceffof sperm
concentration and individual motility (Zemjanis,719. Sperm motility gives the first
hand information regarding the fertilizing capa®fysemen. It is positively correlated
with keeping quality, freezability and fertility glemen sample as it decides whether
to accept or reject the ejaculate sample for furgrecessing and to use in artificial
insemination. Sperm motility is crucial in facilitag passage through the cervix and
utero-tubal junction and much more importantly atual penetration of the cumulus

cells and zona pellucida of the ovum (Hafez & Ha00).
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In the present study, semen mass motility (0-5e$cabried significantly
(P<0.05) among the four Hariana bulls and rangddéden 3.50+0.13 to 4.16+0.19.
The overall mass motility of semen samples wasrtedas 3.84+0.08. Earlier studies
from the same lab reported a mean mass motilitiAariana bulls as 3.38+0.13 to
3.75+0.16 (Sachan, 2013), 3.88+0.14 to 3.92+0.He(P2014; Yadav, 2014), 3.79
+0.09 (Shah, 2016), 3.83 +0.08 (Yadav, 2017), 38606 (Yadav, 2018) and
3.50+0.11 (Rathore, 2019). Our results are in coeoage with the earlier reports of
the same laboratory.

The semen motility is affected by improper handlprgcedure, contaminated
glasswares (presence of soap residue), chemicademtrover the fingers, cold or hot
test tubes, glass slides, microscope stage, rapidgdor cooling of glass slides,
prolongation during collection and examination pdretc. In the present study, the

motility was accessed keeping in mind of these roeat effects.
4. Sperm Concentration

Accurate determination of the number of spermatqzramillilitre of semen
Is extremely important because it is highly vamalsemen characteristics. When
combined with the volume of the ejaculate this fualf spermatozoa determines
how many female can be inseminated each with optiomaber of sperm cells (Hafez
& Hafez, 2000).

The average sperm concentration in present study wathe range of
1663.75£124.27 to 1908.75+109.32 millions/ml whidid not differ significantly
amongs the bulls. The overall sperm concentratias veported as 1783.75+51.23
millions/ml. Earlier reports from the same lab rateel the average concentration as
1262.50£41.69 to 1517.50+195.05 millions/ml (Sacha@l3), 1403.67+95.13 to
1479.42+96.32 millions/ml (Patel, 2014; Yadav, 201¥269.75+81.97 millions/ml
and 1324.17+63.25 millions/ml in winter and summsersons respectively (Singh,
2017), 825.66+27.82 millions/ml (Yadav, 2018), 18@A72.03 millions/ml
(Rathore, 2019). In 1966, Tomar et al. reportedgperm concentration in Hariana
bulls as 1150+53.44 millions/ml whereas Tomar arah&ujia (1970) reported it as
1185+65.11 millions/ml. Banerjee and Ganguli (197&)orted sperm concentration
in Zebu bull as 1091.8 millions/ml whereas Rob€t882) suggested a range between
300-2500 millions/ml with an average of 1200 mitigdml. Tomar and Gupta (1984)
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further reported the effect of season on the speontentration of Hariana bulls
which ranges from 822.70+39.90 to 1193.30+51.20iang/ml. Our result for sperm
concentration is within the reported range.

Sperm concentration also varies with managemenaatipes such as restraint
before semen collection, frequency of semen catlec{Singh and Sharma, 2001),
age of bull (Rao and Rao, 1975) etc. In the prestmty, all these factors have been
taken into consideration and has been kept asynsamhe for all the bulls except for
age. The higher value could be due to this effect.

5. Progressive Motility

The ejaculated semen was diluted immediately aftéection to observe the
progressive motility. Sperm progressive motilityas important criterion of semen
quality (Lasley, 1951) and is an important deteaminof success rate of the
fertilization and ability of spermatozoa to withsthithe stress of cryopreservation

process.

In the present study, the percentage of progressigtle spermatozoa of
Hariana bulls was in the range of 82.50+0.94 t®2861.57 which did not differ
significantly amongs the bulls. The overall pereget of progressively motile
spermatozoa was reported as 84.22+0.68. Earlieortexp values of progressive
motility from the same lab were 87.83+0.58 to 8@ (Patel, 2014; Yadav, 2014),
87.50+1.15 (Shah, 2016), 85.00+0.95 (Yadav, 208Z)31+0.55 (Yadav, 2018) and
83.93+£1.07 (Rathore, 2019). Our results are in soeace with these reported values
and are considered to be in normal range. No sigmf difference in progressive
motile spermatozoa were observed amongst differdt) bence all bull behaves

similar for this parameter.
6. Live Spermatozoa

The percentage of live spermatozoa determinesuhbkty) of ejaculate. When
normal semen has been handled properly and staigigrried out correctly, the
percentage of sperm staining alive is highly catedl with individual progressive
motility, but the percentage of motility is usuallywer than the percentage of live
spermatozoa as many of the live sperm may not hetity (Hafez & Hafez, 2000).
Viability of spermatozoa is significantly and pos#ly correlated with initial motility,
post-thaw motility and fertility of spermatozoa (e et al., 2002).
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In the present study, the percentage of live spemoa of Hariana bulls was
in the range of 89.76+0.64 to 90.96x1.00 which niad differ significantly amongst
the bulls. The overall percentage of live spermadowas reported as 90.32+0.42.
Sachan (2013) reported a range 84.75+2.52 to 90.9&+percent. Patel (2014) and
Yadav (2014) reported a range of 94.99+0.48 to RR137 percent. Shah (2016)
reported the mean percentage of live spermatozo82#5+0.85. Yadav (2017)
reported the mean percentage of live spermatozo834¥+0.57. Yadav (2018)
reported the mean percentage of live spermatoz8%.83+0.54. Present findings lie
within the range reported by Sachan (2013). Compathiese results with the result of
progressive motility clearly indicates that sometlo¢ live spermatozoa were not

motile.

Semen samples containing initially less than 70ceett live spermatozoa are
of questionable fertilizing capacity and are nobddor freezing whereas samples
containing more than 70 per cent live spermatohoaved no difference in fertilizing
capacity. Pant et al. (2003) reported that semdém mvore than 30 per cent initial dead
spermatozoa is not good for preservation. Keepnegée reports in consideration, in
the present study all semen samples which werabaviO per cent live sperm were

subjected to cryopreservation.

5.1 Effect of lycopene on semen quality of Harianbull at pre-freeze and post-
thaw stages of cryopreservation

After the evaluation of freshly collected semenmpbes that qualify the
criteria were further processed. The ejaculatedesewas divided into four portions.
A portion of fresh semen was extended with EYTG andsidering as Group |
(Control), while the other three portions were edid with EYTG along with
different doses of lycopene i.e. 0.25mM, 0.5mM dmdM and were considered as
group IlI, group Il and group IV respectively. Teesamples were then evaluated for
various seminal attributes at pre-freeze and pgasi-tstages. The obtained results are
discussed as below.

1. Progressive motility

Individual progressive motility is considered ag @i the important criteria in

accessing the semen quality as it is indicativiexilization rate.
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In the present study at pre-freeze stage, lycopetige concentration of 0.25
mM was found to be highly significant (P<0.01) asnpare to the control and other

lycopene treated groups. The same trend was olusaty®st-thaw stage.

At post-thaw stage, the percentage of progressi@erspermatozoa in 0.25
mM was found to be 50.16£29.17 per cent which vigwsificantly (P<0.01) higher as
compared to control as well as other treatmentggdgroup Il & 1V). Thus in the
present study 0.25 mM lycopene was found to bect¥ie compared to the other two
doses used. Further, our results suggest that omeasing the concentration of

lycopene, a negative impact on progressive motiiyg observed.

Tvrda et al. (2017) used lycopene in the concantradf 1.5 mM for bull
semen and found a positive effect of lycopene. &@kerage post-thaw motility
recorded was 43.01+0.91 per cent. Similarly, otliBrsak et al., 2015 and Ren et al.,
2018) have reported a positive effect of lycopeneP® when used in 1X10g mr*

(2 1.86 mM) concentration.

Our results are in accordance with the result ef dbove reports where a
positive effect of lycopene in cryopreservation mill spermatozoa is reported.
Further, to our observation, Uysal and Bucak (208 find a decline in motility

following the increase in concentration of lycopene
2. Live Spermatozoa

Liveability is one of the major factor for assessitnegf semen quality. During
cryopreservation, the spermatozoa are exposedeaaa@genous diluting media as well
as to low and very low temperature. Death mightuoodue to release of toxic
substances, ultra low exposure, enzymatic leakagdjum of preservation, degree of
sperm permeability, aging effect of sperm and imligl variation. Reduction in the
viable sperm percentage may be due to disrupti@pefm plasma membrane leading
to reduced mobility and fertilizing ability (Maxwednd Watson, 1996).

In the present study at pre-freeze stage, lycopeniee concentration of 0.25
mM was found to result in significantly (P<0.01)gér motility as compared to the
control and other lycopene treated groups. The deend was observed at post-thaw

stage.
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At post-thaw stage, the percentage of live spernoaian 0.25 mM was found
to be 68.88+0.39 per cent which was significanB¢@.01) higher as compared to
control as well as other treatment groups (grougIIV). Thus in the present study
0.25 mM lycopene was found to be effective compacethe other two doses used.
Further, our results suggest that on increasing civecentration of lycopene, a

negative impact on liveability was observed.

Bucak et al. (2015) used lycopene in the conceatrapf 1X10° g mi*
(2 1.86 mM) and reported a non significant (P>0.08eat of lycopene with

respective values as 31.7+3.9 and 36.2+6.4 per @mnitrol vs. treated group).
Similarly, for turkey and rabbit spermatozoa, Rosat al. (2012) did not find any
effect of lycopene.

Our results are in accordance with the result adlynd Bucak (2007) who
also report a decline in liveability of spermatozé@lowing the increase in

concentration of lycopene.
3. HOST

The HOST highlights the permeability of sperm meanier to Hypo-osmotic
solution and the projection of higher value is #idvandication of intact membrane

and sample with higher value is regarded as p&bemistablishing pregnancy.

In the present study at pre-freeze stage, lycopemniee concentration of 0.25
mM was found to result in significantly (P<0.01)gher HOST responsive
spermatozoa as compared to the control and otbhepéne treated groups. The same

trend was observed at post-thaw stage.

At post-thaw stage, the percentage of HOST resperspermatozoa in 0.25
mM was found to be 63.90+£0.54 per cent which wagsicantly (P<0.01) higher
HOST responsive spermatozoa as compared to casrabell as other treatment
groups (group Il & IV). Thus in the present stu@l5 mM lycopene was found to be
effective compared to the other two doses usedh&yrour results suggest that on
increasing the concentration of lycopene, a negatiwact on percentage of HOST

responsive spermatozoa was observed.

Ren et al. (2018) used lycopene in Cashmere goaersen concentration

ranging between 0.5 to 4 mg/m& (0.93 to 7.45 mM) and reported significant
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(P<0.05) effect of lycopene in all the used coneditn. However, for turkey and
rabbit spermatozoa, Rosato et al. (2012) find a significant (P>0.05) effect of
lycopene.

Our results are in agreement with the positiveatftd lycopene as reported in
other species. Further, our results are in accoslavith the result of Uysal and
Bucak (2007) who reported a decline in HOST respenspermatozoa following the
increase in concentration of lycopene. Moreoveaumidr et al. (2015) opined that
antioxidant additives exhibited cryoprotective aityi on sperm in moderate doses,
however, increasing doses of antioxidant additnessilt in a hypertonic property of

extender which impairs sperm functions.
4. Acrosomal Integrity

The acrosome reaction is a process which takeg jaloving spermatozoa in
response to natural inducers. Acrosome servesedsnihing structure of fertilization
which regulates the spermatozoa fusion with theytgoand mediates its penetration
into the oocyte. Any damage to acrosome and acresstnuctures causes loss of
functional competence of acrosome and ultimatelgilare of fertilization (Wells et
al., 1970).

In the present study at pre-freeze stage, lycopémniee concentration of 0.25
mM was found to result in significantly (P<0.01gher as compared to the control
and other lycopene treated groups. The same trasdiserved at post-thaw stage.

At post-thaw stage, the percentage of intact aonesm 0.25 mM was found
to be 66.04+0.81 per cent which was significanB¢@.01) higher as compared to
control as well as other treatment groups (grougIlV). Thus in the present study
0.25 mM lycopene was found to be effective compacethe other two doses used.
Further, our results suggest that on increasing civecentration of lycopene, a

negative impact on acrosomal integrity was observed

Tvrda et al. (2017) used lyco pene in the concéatreof 1.5 mM for bull
semen and found a positive effect of lycopene. Pphe cent acrosomal integrity
recorded was 85.20+0.42. Similarly, Al- Sarray le{2019) have reported a positive
effect of lycopene on acrosomal integrity. Wher@asother studies, (Uysal and
Bucak, 2007; Rosato et al., 2012 and Bucak e2@l5) no significant (P>0.05) effect
of lycopene was observed.
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Freeze-thaw process induces the generation ofré&dieals which target the
acrosome to bring out acrosome damage as well asateeacrosomal exocytosis
causing preterm acrosome reaction. Various acrasdaefacts have been linked to
cause reduced fertility (Anderson et al., 1990; Adathil et al., 2000; 2001; 2002).

5.2 Evaluation of capacitation status

The presence of functional acrosome is requireddpacitation and acrosome
reaction that are critical steps in the procestedilization (Thomas et al., 1997). A
significant positive correlation exists between pgegcentage of intact acrosome and
fertility of frozen bovine spermatozoa (Saacke ®iite, 1972). The LDLs (lecithin)
interacts with seminal plasma proteins, decrease dfilux of cholesterol and
phospholipids from the spermatozoa membrane anekepreremature capacitation

and subsequent acrosome reaction.

The ejaculated spermatozoa are fertilization inceteqt and acquire the
ability to fertilize the oocyte only after a mattioa process in the female genital tract
known as “capacitation”. The process of capacitatwepares the spermatozoa to
undergo acrosome reaction without which there wdedno fertilization. Hence,
capacitation is the key event in reproduction. @aiket al. (2000) reported that
capacitation-like changes occurs in cryopreseryetnsatozoa of bovine, porcine,
equine and hamster and it decreases the functideabf spermatozoa leading to
reduced fertility.

In the present study, capacitation status was m@ted using CTC technique.
We observed a higher percentage of uncapacitagrdhsat 0.25 mM concentration of
lycopene. The effect was significantly superior pamed to other treated groups
(concentration of lycopene as 0.5 mM & 1 mM) ashaslthe control. Contrarily, the
capacitated & acrosomal reacted spermatozoa wasgisamtly (P<0.01) reduced in
0.25 mM. The trend in pre-freeze stage was regtan post-thaw stage for
uncapacitated and capacitated spermatozoa; howswresomal reacted spermatozoa
were less in 0.25 mM lycopene group & in controhpée.

An overall view of capacitation study based on finding revealed that 0.25
mM lycopene control the cryopreservation inducegac#ation of Hariana bull

semen.
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Perusal of available literature did not reveal aagort where capacitation
study was conducted with the use of lycopene; hewesorrelating with finding of
intact acrosome (reported vide supra) carried bhgrowvorker, it can be presumed that
capacitation will have followed the same action.

5.3 Effect of lycopene on kinematic parameters ddariana bull spermatozoa

Sperm motion and velocity parameters are the itidicaf sperm motility and
its kinetic parameters which will allow the speronmove in the female genital tract
to bring fertilization. Although, these parametars evaluated using a high frame rate
and resolution camera along with an integrated\so#, it gives accurate and precise
assessment of sperm movement and its ability &whré@e oocyte. Various conflicting
reports are available in the literature regardimgdperm motion and kinetic values in
different species of animals before freezing andrdreezing-thawing. Medium as
well as extender used in the semen during freegisg affects the sperm kinematics
and therefore, to obtain consistent values stamdion of CASA parameters is

highly essential.

In present study, all the kinematics values werzeiased in group Il (0.25
mM) compared to group | (control) and other lycopéreated groups (group Il and
group 1IV). Improvement in kinematic parameters ¢ades the effect of lycopene in

regulation of sperm maotility and velocities.

In earlier studies, different workers have usedopgne in different
concentrations in different species of animals bade reported difference in motion
and velocity parameters. Tvrda et al. (2017) usdtidemen supplemented with 1.5
mM lycopene and reported higher VAP, VSL, VCL, ALBCF, STR and LIN values
as compared to control after freezing and thawkhawever, the kinematic and path
velocities reported values were different compdoethe values of present study and
this may be due to the concentration of lycoperesl 8 may be the different CASA
set up or may be the extender along with diffetereted of bull used. In another
study, Tuncer et al. (2014), in his studies on steln bulls used 500ug/ml lycopene
and evaluated the sperm velocity parameters. Adirmrapkinematic parameters in
lycopene treated group compared to control wereénigalvigher values except, BCF.
Bucak et al. (2015), in his studies on Holisteifidalso reported higher VAP, VSL,
VCL, ALH and LIN values as compared to control.dgether, these studies indicated
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the role of lycopene in increasing the kinematid arelocity parameters after
freezing-thawing in lycopene added groups and neayhk values of the parameters

were different but all of them were higher compa@the control.

Freezing-thawing spermatozoa suffers from seri@tisasks like temperature
variations, cold shock, osmotic changes, pH altamat oxidative stress due to free
radicals, cryo-capacitation and apoptosis like gean Freezing-thawing also affects
the antioxidant enzyme and defense system of spezoe and lowers the metabolic
activities of spermatozoa. Along with this, theser@duction in viability and motility
of the spermatozoa due to lowering of mitochondazivity. All these factors result
in poor survival and fertilizing competence of ze®w-thawing spermatozoa. Studies
have shown that the kinematic and motion parameitithe sperm cells are also
greatly affected and results in reduction in migmatf spermatozoa through cervical
mucus. It has also been established in many stutiegs lowering of kinematic
parameters are highly correlated with poor feitiiz ability of frozen-thawed
spermatozoa. In the study, viability, membrane gritg, acrosomal integrity and
progressive sperm motility were decreased aftezfreg-thawing in all groups but
these values were higher in group Il indicating pinetective effects of lycopene. It
was also noted that, higher Vanguard distance onmil indicating that motion and
velocity parameters may be responsible for highenguiard distance and membrane
protection potential of lycopene. Increase in VGLan indication that spermatozoa
were hyperactive; increased LIN indicated the fasied precise movement of the
spermatozoa towards the oocyte; increased ALH wasgdication that spermatozoa
head was laterally shifted indicating hyperactivitycreased VSL indicated that the
spermatozoa were active enough to move in straight increased in VAP was an
indication that the average path velocity of therspatozoa was increased so that the
sperm may be able to reach the site of oocyte gviglater motion potential; increased
BCF was an indication of higher flagella beatingl anore faster movement of the
spermatozoa; and increase in STR was an indicadforstraight movement of
spermatozoa which is highly essential for the spéompa to reach to site of
fertilization. Lycopene addition in semen extenddr 0.25 mM concentration
increased all the kinematic and motion parametdrsspermatozoa which are
indicators of better fertilizing competence of spatozoa.

71



Discussion

Average path velocity (VAP) indicates the averagghpcovered and is
correlated with directional movement of the speklocity of straight line (VSL)
indicates the sperm capacity for the forward pregjan and it is positively correlated
with travel time in the female genital tract. Tregdee of sperm movement away from
the natural straight path is known as curve linedocity (VCL); both VCL and VSL
affect the movement of spermatozoa in the fematetajetract. Studies have shown
that, spermatozoa having higher VSL are more capablcrossing the mucosal
barriers and to reach to the site of fertilizatithwas interesting to obtain higher
values of these parameters in the present stu@ranp Il indicating the effect of
lycopene on sperm kinematic parameters. Wobble (W&Bnd beat cross frequency
(BCF %) indicates the oscillation of sperm trajegtabout its averaged path and are
the indicators of the spermatozoa having highegellar beating potential to cross the

mucosal barriers.

Results of the present study indicated the effectisyoprotection ability of
lycopene on sperm functional attributes and in ifigesperm kinematic parameters.
The marked improvements in velocity and motion peaters in lycopene treated
group compared to control is an indication thabjyene favors the sperm movement
as well as protects the system which are associaitd sperm movement in the
female body. The lowering in velocity parameteterafreezing-thawing may impair
sperm movement; however, addition of lycopene hasiged beneficial effect on

sperm from the cryo-injuries during freezing-thagvin
5.4 Effect of lycopene omn vitro fertility test of Hariana bull spermatozoa
1. Effect of lycopene on BCMPT of Hariana bull sprmatozoa

The in-vitro sperm mucus penetration test (SMPT) is a spermtifum test
which measures the ability of sperm in the semersvion up into a column of
cervical mucus or substitute. Fertilizing capaotypermatozoa has been shown to be

strongly related to cervical mucus penetration (€&4PT) in bull (Tas et al., 2007).

In our study at post-thaw stage, maximum penetratistance was found in
the group Il and Il having 0.25 mM and 0.5 mM Ipeme compared to group |

(control) and group IV having 1 mM lycopene.

Different researchers have reported CMPT resultging from 14 to 58.7 mm
(Okuda et al., 1988; Matousek et al., 1989; Gdllale 1991; Kumar et al., 2001).
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David et al. (1979)observed a stronger correlation between sperm itgotihd
cervical mucus penetration by spermatozoa whersagtteer (Okuda et al., 1988;
Matousek et al., 1989; Galli et al., 1991; Verbencles et al., 2002) did not found any
positive correlation between spermatozoon migrasibiity and fertility. This may
possibly be explained by the fact that evaluatibthe vanguard spermatozoon alone

would not represent all spermatozoa in the ejaeulat

The rate of sperm penetration and bull fertilitynst correlated (Matousek et
al., 1989) but the contradictory results of homolag mucus penetration test is
significantly correlated with sperm concentratigmogressive motile spermatozoa,
mean velocity of progression and lateral head dwghent of progressive motile
spermatozoa as demonstrated in human and cattlmgeland Braum,1990). During
this study, spermatozoa having high curve linedopory, average path velocity,
amplitude of lateral head displacement were fougdificantly higher in 0.25 mM
lycopene added group Il and group indicating thaghér hyper activation of

spermatozoa, results in increaseditro fertilization.

Perusal of available literature did not reveal aeport where cervical

penetration test was conducted with the use ofdgne.
5.5 Effect of lycopene on seminal plasma enzymaprofile
1. Superoxide dismutase (SOD) activity (U/ml)

Superoxide dismutase (SOD) is a known enzymatiox@dant that scavenges
superoxide and peroxide and thus controls the tixelatress in mammalian sperm
(Fridovich, 1985). SOD protects spermatozoa by lgsitag the dismutation of
superoxide anions (Q to hydrogen peroxide @@,) and oxygen (¢ (Agarwal et al.,
2003). The physiological role of superoxide dismsatas to protect cells from the
toxic effects of superoxide anions JDgenerated during enzymatic oxidation of

NADPH in neutrophils and mitochondrial electronaséer reactions.

In the present study, we could not find any sigaifit (P>0.05) effect of
supplementation of lycopene (0.25 mM to 1 mM) orD&4ativity (U/ml) at post thaw
stages compared to the control sample. The SODitgctn the post thaw seminal
plasma was 804.07£20.51 U/ml in group | (controheneas in different treatment
groups (group Il to group IV) the respective valuese in the range of 770.51+19.12
to 787.91+21.69 U/ml.
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Tvrda et al. (2016), did not find any significaeftect of supplementation of

lycopene in the bull semen on SOD activity, whiglni confirmation to our results.
2. Glutathione-S-Transferase (GST) activity (nM/min/ml)

GST is a part of glutathione cycle that is respolesior detoxification of HO,
(Li, 1975) and prevention of sperm membrane frag{lAitken et al., 1993). Increase
in GST activity is indicative of enhanced antioxitability (Perumal et al., 2013).
Therefore higher GST values in the semen reflestrang sperm membrane and
limited spontaneous lipid peroxidation that destrélye structure of the lipid matrix
(Mohanty et al., 2004).

In the present study, we observed higly signifiq@#0.01) effect of lycopene
at concentration of 0.25 mM in protection of sperefl at post-thow stage. In post-
thaw semen samples, the GST activity was obserge@5a09+1.63 nM/min/ml in
group | (control) whereas in lycopene treated gso(group Il to group 1V), the

respective value were in the range of 46.17+4.7%&6t89+4.99 nM/min/ml.

Perusal of available literature did not rdweay report where Glutathione-S-
Transferase (GST) activity study was conducteduth $eminal plasma with the use

of lycopene.
3. Malondialdehyde (MDA) activity (nM/pul)

Under stress conditions, a cell undergoes lipidoxidation and loses its
function (Aitken et al., 1989). The activity of igbperoxidation can be evaluated by
measuring MDA level (Kasimanickam et al., 2006)nel® and Mann (1973) used
MDA as an index of spontaneous lipid peroxidatibsmerm cells. Thus, lower MDA

activity reflects less lipid peroxidation.

In the present study, we found highly signific@&0.01) effect of lycopene
in controlling lipid peroxidation at post-thaw stagLycopene supplementation in
semen @ 0.25 mM showed significantly lower value$M®A activity compare to

control or other treatment groups.

Tvrda et al. (2016), did not find any significariteet of MDA in bull semen

supplemented with lycopene which is contrary toresults.

74






CHAPTER-6

SUMMARY AND CONCLUSIONS

The present study was conducted on four Hariané beared at Semen
Biology Lab, Department of Gynaecology and Obatstsituated at ILFC, DUVASU,
Mathura, (U.P), India, during the session 2020-2021

The present study was aimed with following objesiv

» To study the effect of lycopene on physio-morphglogroperties of

cryopreserved Hariana bull spermatozoa.

* To study the antioxidant activity of lycopene oryapreseved Hariana bull

semen.

Eight ejaculates from each bull were collected bgans of artificial vagina
and were evaluated for freshly collected semeibaters. The data are summarized as

under.
6.0 Seminal attributesin the freshly collected semen of Hariana bull

The freshly collected semen was evaluated for vel@ml), pH, mass motility
(0-5 scale), concentration (millions/ml), progresty motile spermatozoa (%) and

live spermatozoa (%).

1) The overall mean seminal volume irrespective of th#l was recorded as
4.81+0.16 ml. The mean seminal volume differs digantly (P<0.05) amongst
different bulls. The seminal volume of bull numhkef623 was significantly

(P<0.05) higher as compared to other bulls.

2) The overall mean seminal pH in the freshly colldcdemen of the Hariana bull
was 6.58+0.02. The seminal pH did not differ siguwiftly (P>0.05) amongst

different bulls.

3) The overall mean mass motility of spermatozoa enfthshly collected semen of
Hariana bull was 3.84+0.08 (0-5 scale). The mastlitgyadiffers significantly
(P<0.05) amongst different bulls. The mass motiitybull number H-448 was
significantly (P<0.05) higher as compared to otindts.
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4) The overall mean sperm concentration in the freshliected semen of Hariana
bull was 1783.75+£51.23 millions/ml. The sperm concation did not differ
significantly (P>0.05) amongst different bulls.

5) The overall mean percentage of progressively mepkrmatozoa in the freshly
collected semen of Hariana bull was 84.22+0.68. friogressive motility did not

differ significantly (P>0.05) amongst different ksul

6) The overall mean percentage of live spermatozdaarnreshly collected semen
of Hariana bull was 90.32+0.42. The live percentafjespermatozoa did not

differ significantly (P>0.05) amongst different ksul

All the seminal characters of different Harianaldwvere within normal range.

The samples were processed for cryopreservation.

6.1 Effect of lycopene on different seminal attributes at pre-freeze and post-

thaw stages of Hariana bull semen

After the evaluation of freshly collected semenmpkes which fulfils the
criteria as stated vide supra were processed yopeeservation. Extended semen was
divided into four parts in equal volume (5 ml each) the first test tube was added
100 pl of DMSO (Control) where as in second, thardl fourth test tube, lycopene
stock (50mM) was added @ of 25 ul, 50 pl and 100making the effective
concentration of lycopene as 0.25mM, 0.5mM and 1nibl.balance the amount of
DMSO in treatment groups, additionally 75 pl andlB@MSO was added in second
and third test tubes. Thus making the amount of DM&me in control and treatment
groups same. These diluted sample was than utifizedurther processing. These
samples were processed for cryopreservation an@ wealuated for progressive
motility, live spermatozoa, membrane integrity (HDSspermatozoa with intact
acrosome (Giemsa), capacitation status of spermataperm motility kinematicsn
vitro fertility test (BCMPT) and antioxidative enzyme3QD, GST, LPO [MDA]) at
pre-freeze and post-thaw stages of cryopreservation

1) At both pre-freeze and post-thaw stages, per ceogressive motility of
spermatozoa was significantly (P<0.01) higher wugrll (0.25 mM) as compared
to I (control), 11l (0.5 mM) and IV (1 mM) group#t higher concentration (0.5

mM & 1 mM) of lycopene, a negative influence of dyene was observed
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2)

3)

4)

5)

6)

7

compared to control. The post-thaw per cent prajresmotility in treatment
group Il was 50.16%£29.17.

At both pre-freeze and post-thaw stages, per ceat $permatozoa were
significantly (P<0.01) higher in group Il (0.25 mM$ compared to | (control), 11l
(0.5 mM) and IV (1 mM) groups. At higher concentat(0.5 mM & 1 mM) of

lycopene, a negative influence of lycopene was miesecompared to control. The

post-thaw per cent live spermatozoa in treatmemigil was 68.88+0.39.

At both pre-freeze and post-thaw stages, per c@8Hreactive spermatozoa was
significantly (P<0.01) higher in group 1l (0.25 mM3 compared to | (control), 11l
(0.5 mM) and IV (1 mM) groups. At higher concentat(0.5 mM & 1 mM) of
lycopene, a negative influence of lycopene was mesecompared to control. The
post-thaw per cent HOST reactive spermatozoa iatrtrent group Il was
63.90+0.54.

At both pre-freeze and post-thaw stages, per cetacti acrosome was
significantly (P<0.01) higher in group Il (0.25 mM$ compared to | (control), 11l
(0.5 mM) and IV (1 mM) groups. At higher concenwat(0.5 mM & 1 mM) of

lycopene, a negative influence of lycopene was miesecompared to control. The

post-thaw per cent intact acrosome in treatmenifgtbwas 66.04+0.81.

At both pre-freeze and post-thaw stages, per cecdpacitated spermatozoa was
significantly (P<0.01) higher in group Il (0.25 mMdmpare to group I, lll & IV.
On the other hand there was a significantly (P<0r8duction in capacitated and
acrosomal reacted spermatozoa in group Il (0.25 rodmypare to other groups.
At post-thaw stage, the per cent uncapacitatedrsgggeroa was 56.20+0.87 where
as capacitated & acrosome reacted spermatozoa m@8+8.75 & 8.79+0.63 in

treatment group |II.

At both pre-freeze and post-thaw stages, all theam@nd kinematic parameters
was significantly (P<0.01) higher in group Il (0.2BM) as compared to |
(control), 111 (0.5 mM) and IV (1 mM) groups, exddpN, WOB and STR .

At post-thaw stage mean distance of vanguard spemoa was significantly
(P<0.01) higher in group Il as compared to groufl Bnd IV. The recorded mean

distance travelled by spermatozoa was 34.75+0.68mmtreatment group Il.
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8) At post-thaw stage, the SOD activity (U/ml) did mbtfer significantly (P>0.05)
between group | (control) and other lycopene tikgteups (group I, Il and V).

9) At post-thaw stage, the GST activity (nM/min/ml) svaignificantly (P<0.01)
decreased in group Il as compared to group I,nd B/. The mean value of GST

was 46.17+4.72 nM/min/ml in treatment group II.

10)At post-thaw stage, the MDA activity (nM/ul) wasgsificantly (P<0.01)
decreased in group Il as compared to group I,nd B/. The mean value of MDA
was 0.07+£0.01 nM/ ul in treatment group ILI.

CONCLUSIONS

e Addition of lycopene @ 0.25 mM to egg yolk basedeexler improved the
freezability of Hariana bull spermatozoa in termf rootility, viability,
membrane integrity, acrosome integrity, capacitagtatus, sperm motion &

kinematics.

* Further, lycopene @ 0.25 mM effectively control thedative stress of semen
and improves the quality of spermatozoa based onced mucus penetration
test.

* Lycopene at lower dose<@.25 mM) improves parmeters under study
however, at higher concentratior0(5 mM) was found to have an inhibitory
effect.
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