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CHAPTER |

INTRODUCTION AND LITERATURE REVIEW

1.3 Introduction

The improvements of reproductive ‘performances in boars having the good genetic
are focused on semen preservation for intensiiication of boar utilization and reduction of
the cost. Thus, any methods for presepving sperm should be developed. Methods,
which improve fluidity-and stability”of plasma membrane, are ones of all. The sperm
plasma membrane has'been demonstrateid to contain a high content of 20 (C20) and 22
(C22) carbon atoms# of polyunsaturated fatty acids (PUFAs). Phospholipids of
mammalian sperm celldmembranes charagterlstlcally contain very high proportions of
long-chain (C22) polyunsatusated fatty acias, 'partioularly n-3 series. In most mammals,
docosahexaenoic acid (DHA, 22'6/; 3) isl-s"the- dominant polyunsaturated fatty acid,
although, in several species dooosapentaenorc acid (DPA, 22:5n-6) is also a major
component of the sperm cell membranes jAhza'rez and Storey, 1992; Cerolini et al,,
2000; Mazur et al., 2000; O'Flaherty et at 4-997 Park _and Graham, 1992). The
importance of C22 potyunsan,xraies_m_retanon_to_mate_temhty has been illustrated by
studies in humans demonstratlng that the amount of DHA-in spermatozoa is positively
correlated with sperm "motility (Conquer et al., 1999; Nissen and Kreysel, 1983; Zalata et
al.,, 1998). Mereover, RPUFAs which; are ,eoneentrated; instheshead and tail membrane
regions of spermatozoa have "been” shown*to "play=an important role in both sperm
capacitation and the interaction between spermatozoa and uterine surface environment
(Conqguer et al., 1999;Zalata et al.,;1998). Howeverithe sperm plagma membranes are
susceptible to lipid peroxidation because of the high content of PUFA (Miller et al., 1993;
O'Flaherty et al., 1997; Sprecher, 1989). In order to prevent the weakness on low sperm
motility and the damage from lipid peroxidation process, and to enhance the fertilizing
capacity, the methods of increasing the level of PUFAs in the plasma membrane of
spermatozoa and decreasing the lipid peroxidation of plasma membrane were

developed. One of those methods is the diet supplemented with DHA to increase -



number and lifespan of spermatozoa (Estienne et al., 2008; Strzezek et al., 2004).
Vitamin E, C and selenium have been added to the diet to reduce the lipid peroxidation
(Audet et al., 2004). Nonetheless, a number of literatures reported no effect (Rooke et
al., 2001), while some diet supplement products for increasing the fertility of boars are
commercialized. Enhancing the sperm production and viability after long-term storage is
contributed to the development of artificial insemination technology. Thus, effect of
PUFAs and DHA, together with antioxidant in-the diet, on sperm motility and storability of
boar semen should be investigated. This thesis consisted of three studies. First studly,
the semen was collected from the boars having normal motility >60% and low motility
<60% to compare lipid composition'in thélsemen, which were used as basic information
in boars. Second study, the differences éf;}ipids, lipid peroxide and total antioxidants
status in semen after.€ool storage _at“l8°(’{l"'fojr_ 24 h were investigated the alteration of
lipids and antioxidants ia semen ering Cogl_iné period. Third study, fish oil, vitamins and
selenium were supplemented on boar feed;-dt'b di-hvestigate the alteration of boar sperm

o
ik ¥ ol
lipid composition and semen quality- :

1.4 Literature Review

1.2.1 Structuréfbf plasma membrane lipid compo:siif_ti-on

The plasma memké_rane consists of three classes of ar’ﬁphipathio lipids: glycolipids,
phospholipids and cholesterols. The amountof,each depends upon the type of cell, but
in the main of‘cases phospholipids-are/the most abundant./Polyunsaturated fatty acids
(PUFA) in phospholipids and glycolipids usually contain an even number of carbon
atomss, | typically: Between 16"and-20. The “16- ‘and 18-carbon fatty.dcids are the most
comman. Fatty acids may be saturated or PUFA, with the configuration of the double
bonds nearly always cis. The length and the degree of PUFA chains have a profound
effect on membrane fluidity and flexibility. The ability of some organisms to regulate the
permeability of their cell membranes by altering lipid composition is called
homeoviscous adaptation. The whole membrane is held together via non-covalent

interaction of hydrophobic tails; however, the structure is quite fluid and not fixed rigidly



in place. Under physiological conditions, phospholipid molecules in the plasma
membrane are in the liquid crystalline state. It means the lipid molecules are free to
diffuse and exhibit rapid lateral diffusion along the layer where they are demonstrated.
However, the exchange of phospholipid molecules between intracellular and
extracellular of the bilayer is a very slow process. Lipid rafts and caveolae are examples
of cholesterol-enriched microdomains in the cell. membrane. In animal cells cholesterol
is normally found dispersed in varying degreessthroughout cell membranes, in the
irregular spaces between‘the hydrophobi"é tails of the'membrane lipids, where it confers
stiffening and strengthening.effect on the membrane (Alberts et al., 2010).

1.2.2 Incorporations of polyynsafurgted fatty acids in spermatogenesis and

maturation - ;

The seminiferous tupules 'éonsist:?_ofj’-many different cell types with different
phospholipid classes and faity acid comlp;'esittons Rat germ cells contained mostly
phosphatidylcholine (PC) and phosphandyle#ﬁanolamme (PE), whereas Sertoli cells had
a more evenly distributed phosphollpld patte.m._ﬁ greater proportion of the phospholipid
of rat Sertoli cells_than of germ ‘cells was-composed of phosphatidylserine (PS),
phosphatidylinositol fRD,—and%phingemyeM—and—lysephbsphatides. The fatty acid
profiles of phosphdli‘pids of rat Sertoli cells contained less- 1%:0 and 22:5n-6 and more
18:1, 20:4n-6, and 22:4n-6 than did the corresponding phospholipids of the germ cells
(Beckman and! Goniglio; #979)These, findingsawere alsoreonsistent with data from
studies of the, lipid compaosition of separated rat testicular germ cell types, which
showed that PE and PS contained a high concentration of 22:5n-6“(Beckman et al.,
1978)."Als0, the faity acid patterns of thetotal lipids of separated Icell fractions enriched
in rat Sertoli cells or germ cells have previously been studied. The fractions enriched in
rat Sertoli cells contained less 22:5n-6 and 22:6n-3 than did the germ cell fractions. A
24-carbon PUFA were only detected in the triacylglycerols, but not in the phospholipids
(Beckman and Coniglio, 1979; Beckman et al., 1978), and were present in higher
concentrations in triacylglycerols in germ cells than in Sertoli cells (Beckman and

Coniglio, 1979). In vitro studies have shown that after incubation of "“C-labeled 22:4n-6



or 22:5n- 3 with isolated human testicular cells, higher amounts of these fatty acids were
esterified into triacylglycerols than in phospholipids. With 20-carbon n-3 and n-6 as the
substrates more 20:5n-3 and 20:4n-6 was esterified into phospholipids than in
triacylglycerols (Retterstol et al., 2001). In the phospholipid fraction more fatty acid
substrates were esterified into PC than in PE, PS or PI. In cultures of cell preparations
enriched in rat Sertoli cells most of the incubated 18:2n-6, 18:3n-3, 20:3n-9, 20:4n-6,
and 20:5n-3 were incorporated into PC and.PE" The metabolites, 22:5n-6 and 22:6n-3,
were esterified into triacylglyeerols, cholesterol esters;yand phospholipid classes PC and
PE (Retterstol et al., 1998). Afterdncubation of Sertoli cells with 20- and 22-carbon n-3
and n-6 PUFA, more n-6thansn-8, fatty 'iacids were esterified into phospholipids, and
fewer n-6 PUFA than n-3 RUFA Were-esteiiﬁ,ed into triacylglycerols. With high substrate
concentrations, high amounts jof 27Q— and ?Z—Earbon n-3 and n-6 PUFA were esterified
into PC, and small amounts of thesé PUFA \.';gerre esterified into PE, PI, or PS (Retterstol et

al., 2000). 7]

i “

ald ¥ F

The spermatozoa have,to undergo a ecomplex process of maturation in the
@ e Lo "J

seminiferous epithelium and th-er epididymig?@i_mann et al., 1993; Jones, 1989). This

process involves awbroad ranije' of events, including thesremodeling of membrane

components (Joneé! fii989) leading to the acquisition of mot?rj‘itj (Esponda, 1991; Hegde,
1996) and the ability. to undergo the acrosome reactioni (Alvarez and Storey, 1995;
Toshimori, 1998; Yeu;g et al.,, 1996), that require an o;erall increase in membrane
fluidity (Flechen, 1985;. Myles ‘et al.;. 1987)." Therefore, polyunsaturated fatty acids, and
especially dodosahexaenoic acid (DHA), are thought to play a key role in regulating
membrane-fluidity-andisperm:=functioniThe) processyofispermatogenesis takes place in
the seminiferous epithelium of the testis and is closely regulated and coordinated by the
Sertoli cell (de Kretser et al., 1998; Griswold, 1998; Griswold et al., 1988; Kerr, 1995).
This paracrine process is synergistically regulated by testosterone and follicle
stimulating hormone (FSH) (McLachlan et al., 2002; Tesarik et al., 1998; Weinbauer and

Nieschlag, 1997). Regulation of spermatogenesis involves genetically programmed

changes in chromatin structure and gene expression in the developing germ cells



(Escalier, 2001; Grootegoed et al., 1995; Grootegoed et al., 2000; Wang et al., 1997).
The disruption of this double regulation system could lead to alterations in the
development of sperm cell function. Spermatogenesis in the seminiferous epithelium is
conventionally divided into stages and steps. Each stage contains a specific set of cell
types (e.g., spermatogonia, primary and secondary spermatocytes and round
spermatids). The number of these stages varies significantly in a species-specific
manner. For example, spermatogenesis in the rat involves 14 stages, whereas 6 stages
are involved in the humansThe process of differentiation of a round spermatid into a
differentiated spermatozoon+knewn . as |spermiogenesis, involves 19 steps in the rat,
whereas the same processiis completed rp the human in only 8 steps. In the mouse and
Rhesus monkey, spermiogenesis;spans aiot,al of 16 steps, whereas in dog, stallion, and
bovine sperm it spans'12 steps (Clermontﬂ %_63). The remodeling of the sperm plasma
membrane, which occugs during S|roe,r'm pa‘,?s‘sarge through the epididymis, is believed to
be crucial in the acquisition of rhbtil'ity and_-'f;Fie‘ébility to penetrate and fertilize the egg

Al 3 Y
(Esponda, 1991; Jones and Orcuit, 1998). This remodeling process includes the uptake
ek e .-__lj".l
of secreted epididymal glycoproteins, removal or utilization of specific phospholipids

from the inner leafletiof the bilayer, processing of existing opacquired glycoproteins by

endoproteolysis, and repositioning of both protein and hp|d molecules to different
membranes (James et al.,, 1999; Jones and Orcutt, 199:'8). These modifications are
carefully coordinated{ at different zones of the epidi;jymis and indirectly affect
intracellular membranes; organelles. and even nuclear components (Jones and Orcultt,
1998). Lipid c@mposition of the plasma membrane may be a key in the interaction of
spermatazoa Wwith~the tepididymal environments~Secretion byjepididymal jcells of lipid-
binding, proteins "‘may mediate "changes 'in" sterol” content of "particular membrane
domains. The contact of sperm cells with membranous vesicles and merocrine
secretions may be crucial in the development of physiological changes (Cooper, 1998;
Kirchhoff et al., 1997).

Since DHA is essential in maintaining membrane fluidity leading to the

acquisition of motility and the zona-induced acrosome reaction, mammalian sperm have



been forced during evolution to develop a powerful enzymatic antioxidant defense
system, involving superoxide dismutase, glutathione peroxidase, and phospholipase A2
(Alvarez et al., 1987). Most of the studies dealing with the analysis of fatty acid content
in sperm and germ cells have been performed on experimental models, especially in
rodents. It is worth noting that there are interspecific differences in the relative
importance of polyunsaturated fatty acids, and the identity of the most abundant
polyunsaturates. DHA, or 22:6n-3, is the predominant polyunsaturated fatty acid in
sperm from humans and ruminants, wheréas rodentand rabbit sperm contain mostly the
n-6 docosapentaenoic acid«(DPA, 22:5n-6) (Poules et al., 1973). In an early study
performed in the mouse, .Grogan et al. "1(1983) isclated different populations of germ
cells by light scattering soitingiand asseséed their lipid content. They found that 22:5n-6
(the most abundant polyunsaturate)_ iﬁoreqléeq_ progressively from 2 to 20% of total fatty
acid in the progression of germinalrcell diffé_[errwtiation from preleptotene spermatocyte to
condensing spermatid but deCreased in m_-éli_:f[]ré‘j sperm. lts precursor, arachidonic acid

£
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(20:4n-6), showed a roughly reciprocal relatjqnshlp, whereas 22:6n-3 showed no
él a oo .-ljJ
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significant correlation with cell Eype. 22:5n-€‘>‘:—Wefi_s found highest in triglycerides at later

stages of differentiation, Wﬁéfé'as: 20'4n-6 'éﬁé-ZZ:Gn-a: were found primarily in

phospholipids frofp _‘?all cell fractions. The same authi:‘ir_'sf showed that the n-6
polyunsaturated fatty acids of the germinal cells Iabeléd with radioactive acetate
contained levels of r;dioactivity in each lipid class thTat were consistent with the
importance ofdong-chain polyenaic fatty, acidy metabolism ingerm cell function. Cells at
later stages of Imaturation incorporated much higher levels of radioactivity into fatty
acids“derived fromm20:4n=6 by-elongation [desaturatiom pathways than did less mature
cells or, whole testis in"vitro (Grogan and Huth, 1983). Therefore, germ Cells reach the
epididymis containing the biochemical tools necessary for polyunsaturated fatty acid
biosynthesis. However, the changes that sperm undergo in their membrane components
during epididymal transit seem to be mostly due to redistribution rather than to

acquisition of new components. Thus, immature spermatozoa of the caput epididimys

show higher ability to incorporate labeled fatty acids compared with mature



spermatozoa from the cauda (Srivastava and Olson, 1996). Nevertheless, a change of
the typical asymmetric pattern of membrane phospholipids has been attributed to
postgonadal maturation of sperm. A marked decrease in the
hosphatidylethanolamine/phosphatidylcholine ratio in the inner membrane has been
reported (Rana et al., 1993), as well as profound changes in the distribution of saturated
and unsaturated phospholipid-bound fatty @cids. Also, depletion of components has
been reported. Aveldano et al. (1992) descrived a.decrease in phosphatidylcholine and
phosphatidylethanolaminesin=rat  epididymis; “leading to a relative increase in
plasmenylcholine, which begeomes the main phospholipid. Oleate and linoleate are
decreased, whereas the proportion of Iortlger chain and more unsaturated fatty acids is
increased. The most relgvant ¢hange eor,fesponds to the relative increase in n-9
polyenes, accounting«for more tharn_ half ofthe acyl chains present in plasmenylcholine
of cauda spermatozoa (Aveldanor, 1992;{Avreldano et al., 1992). In an early study,
Adams et al. (1977) showed how sperrﬁ_:ét'odz-oa from the caput epididymis had a

ald v ol ol ok
significantly greater content,of phospholipid cholesterol cholesterol ester, and free fatty
+ i
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acid than those from the cauda epldldymlas_Spermatozoa from the corpus epididymis

had a S|gn|f|cant|y greater content of monoglycerlde than those from the caput

epididymis and a _g[eater content of phospholipid, choleet_erol, free fatty acids, and
monoglyceride than those from the cauda epididymis (Adems and Johnson, 1977). In
the ram and in the boar, the species containing ’the highest proportion of
polyunsaturated fatty ‘acids in“mature spermatozoa’(Poulos et ‘aly, 1973), a net loss in
phospholipid ¢ontent and phospholipid-bound fatty acids has been described (Evans
and sSetehelly~1979). (Thisy decrease (in| phosphaolipids contentseemsito be due to
phosphatidylethanolamine, resulting in an increase in the
hosphatidylcholine/phosphatidylethanolamine ratio, as well as in the
cholesterol/phospholipid  ratio, whereas desmosterol becomes negligible after
maturation. The relative predominant fatty acids switch from palmitic in the less mature

to DHA on the more mature spermatozoa (Parks and Hammerstedt, 1985). In a more

recent study performed in the epididymal sperm of human patients of prostate



carcinoma, Haidl and Opper (1997) found that the ratio between phosphatidylcholine
and phosphatidylserine plus phosphatidylethanolamine plus sphingomyelin - was
significantly higher in spermatozoa from the cauda compared to those from the caput
and corpus. This was attributed to both an increase of phosphatidylcholine and a
decrease of other phospholipids. With regard to fatty acids, those with saturated chains
predominated in caput spermatozoa, whereasithe highest concentration of unsaturated
longchain fatty acids was found in caudar~spéermatozoa. In another study using rat
epididymal sperm, 56%of the phospholipid-consisted of choline and ethanolamine
phosphoglycerides; the remainder consisted of sphingomyelin, phosphatidylserine, and
diphosphatidylglycerol. The mole perce'pt of phosphatidylethanolamine increased in
sperm proceeding from the caput o the (::Lorpus epididymis and then declined from the
corpus to the cauda epididymis. Th_e Dhos?lfhojl_ipid-bound fatty acids consisted primarily
of palmitate and stearate (Saturatéd); Witr{,arsignificant increase in the mole percent
22:5n-6 in cauda sperm (Hall et at. 991), l_\';_;ldéré'j recently there were analysis of the fatty

-, .}__
acid content of cells isolated from the semih*_lrfé‘rpys tubules and the epididymis of adult
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mice, and they found that the content in botkT—EZg’:_Sn—6 and 22:6n-3 is higher in cells from

seminiferous tubulessthan fror-n_ '5b'ididymis. Thé_?biél fatty acid content was found to be

6-fold higher in cé'[!sf;ifrom the seminiferous tubules. Slncé’tﬁe decrease in fatty acid
content per cell in epididymal sperm, compared to cells fr;jm the seminiferous tubules,
was much more pron;unced than the decrease in 22:677-3 content, when DHA was
expressed asithe"percent ‘of total fatty acid, therelappeared,to beyan apparent increase
in DHA in epididymal sperm (Ollero et al., 2000).

1¢2:8 Effectvof Reactive-Oxygen; Species«(ROS)ion semen quality.

Boar spermatozoa are“sensitive'to peroxidative damage due to the high content
of unsaturated fatty acids in the phospholipids of the plasma membrane (Cerolini et al.,
2000; Park and Graham, 1992) and the relative low antioxidant capacity of boar seminal
plasma (Brezezinska-Slebodzinska et al., 1995). It has been demonstrated in human

(Alvarez and Storey, 1992), bull (O'Flaherty et al., 1997) and mouse spermatozoa (Mazur

et al., 2000) that cryopreservation is associated with oxidative stress. Moreover, freezing



and thawing of bovine spermatozoa increase the generation of reactive oxygen species
(ROS) (Chatterjee and Gagnon, 2001), DNA damage (Lopes et al., 1998), cytoskeleton
alterations (Hinshaw et al., 1986), inhibition of the sperm-oocyte fusion (Aitken et al.,
1989) and can affect the sperm axoneme that is associated with the loss of motility (de
Lamirande and Gagnon, 1992°).

The oxidation of membrane phespholipid bound docosahexaenoic acid (DHA)
has been shown to be one of the major facters'thailimit the motile lifespan of sperm in
vitro. Sperm samples showhigh cell-to*cell variabilitysin lifespan and, consequently, in
susceptibility toward lipid pgroxidation: Therefore, it is postulated that there is also cell-
to-cell variability in DHA coentent in humar'lspermatozoa and that the content of the main
substrate of lipid peroxidations(DHA) is e‘.ritr'pal and highly regulated during the sperm
maturation process. Several studles’havq' been performed to analyze the fatty acid
content of germ cells and sperm at. drfferent stages of maturation, including in vivo
studies in animal modelsgand in \//Tro apprdaches in human spermatozoa. One of the
consequences of defective sperm maturatlon ;? the seminiferous epithelium is the
retention of residual cytoplasm Thrs resrde_al’ cytoplasm which is attached to the

midpiece and retronuclear area of the sperm head has been shown to produce high

levels of reactive oggzgen species (ROS) (Aitken et al., 199__4_;_, Gil-Guzman et al., 2001;
Gomez et al., 1996). In addition, the membranes enclosiné the residual cytoplasm are
enriched in polyunsatJrated fatty acids such as DHA (Hus;ar and Vigue, 1993; Ollero et
al., 2000). The 'combination of high polyunsaturated. fatty acid content and high ROS
production infthese immature sperm has been shown to lead to increased lipid
peroxidation’ and subsequentsloss ofl sperm functiony(Aitkemet al, #994: Gil-Guzman et
al., 200:1). ROS-mediated damage to human spermatozoa'was characterized in the early
1980s (Alvarez et al., 1984; Alvarez and Storey, 1982, 1984a’b, 1995; Alvarez et al., 1987)
and has been shown by many authors to be an important factor in the pathogenesis of
male infertility (Aitken and Fisher, 1994; Aitken et al., 1994; de Lamirande and Gagnon,
1994; Sharma and Agarwal, 1996). To a first approximation, the process of lipid

peroxidation involves the initial abstraction of a hydrogen atom from the bis-allylic
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methylene groups of polyunsaturated fatty acids, mainly DHA, by molecular oxygen.
This leads to molecular rearrangement to a conjugated diene and addition of oxygen,
resulting in the production of lipid peroxide radical. This peroxyradical can now abstract
a new hydrogen atom from an adjacent DHA molecule leading to a chain reaction that
ultimately results in lipid fragmentation and the production of malonaldehyde and toxic
shortchain alkanes (e.g., propane). These propagation reactions are mediated by
oxygen radicals. DHA is the major polyunsaturated.fatty acid in sperm from a number of
mammalian species, includingthe- human (Alvarez-and-Storey, 1995; Poulos et al., 1973;
Zalata et al., 1998), accounting insthis species for up to 30% of phospholipid-bound fatty
acid and up to 73% of pelyunsaiurated -'Iatty acids (Alvarez and Storey, 1995). At the
same time, DHA is the main substrate ofﬁlipid peroxidation, accounting for 90% of the
overall rate of lipid peroxidation'in hurﬁan ﬁermatozoa (Alvarez and Storey, 1995). Lipid
peroxidation has profound Consequences Jp biological membranes. The generation of
the polar lipid peroxides ultlmately resutts ‘in ‘the disruption of the membrane

. #
hydrophobic packing, mactnvahon of glycolytlo enzymes damage of axonemal proteins

.--..

(loss of motility), acrosomal membrane danéage and DNA alterations (Alvarez et al.,

2002; Fraga et al., 1'9.91) OX|dat|on of phosphollpld bound DHA has been shown to be

the major factor thé{_ c:i:’etermmes the motile lifespan of sperm:/r_?, vitro (Aitken et al., 1993
Alvarez and Storey, 1995; Jones et al., 1979). Three basic -factors determine the overall
rate of lipid peroxidati;n of sperm in vitro: oxygen concent?étion and temperature in the
medium (OXIBANT), the ‘presence. of‘antioxidant defenses' (ANTIOXIDANT), and the
content of membrane-bound DHA (SUBSTRATE). Thus, the higher the temperature and
the concentration=af oxygencin ssolution} thes higher the) rate (of, lipid peroxidation as
measufed by malonaldehyde “production (Alvarez et al.,"1987). The balance between
these key factors determines the overall rate of peroxidation in vitro. In this system, the

substrate seems to play a key role. The main substrates for lipid peroxidation are

polyunsaturated fatty acids, especially docosahexaenoic acid.
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1.2.4 Effect of vitamins and selenium on semen quality

Selenium is an essential component of the enzyme glutathione peroxidase.
Glutathione peroxidase is a major intracellular antioxidant that catalyzes the reduction of
hydrogen peroxide and organic hydroperoxides to nontoxic compounds. Vitamin E
(alpha-tocopherol) is the major antioxidant in cell membranes. Numerous experiments
have demonstrated an antioxidant @ synergism between glutathione peroxidase
(selenium) and vitamin E. The effects of added.selenium on semen characteristics were
more pronounced than the-eiiecis of added vitamin-E; and selenium supplementation
resulted in greater fertilization .rates. when gilts were bred with semen from the
experimental boars (Marin-@uzman et al.,'-l1 997). However, Audet and co-workers (2004)
concluded that supplementation of t_:zoar eiets with high levels of vitamin C; fat soluble
vitamins or water soluble V|tam|ns had -r'ro appremable effects on semen or libido
characteristics in boags. |t should be noted that current U.S. Food and Drug

Administration (FDA) regulations -allew tp to"U 186 mg of added selenium/pound of diet

o )
for all pigs. The immune system |s Gne exarﬁp‘le of where this synergism is most easily

observed. Wuryastuti and co-workers (1993):f0und that vitamin E deficient sows had a
significantly low immune response to these m1togens. However, when both selenium and
vitamin E were defléfem_rmparrrTTem—of_mltUgerTrc_strmuTatlon occurred even earlier,
compared to those seWs that were only deficient in vitamin I:EV.,These data suggested that
optimum immune respense required adequate levels of b(;th selenium and vitamin E. In
this same review lit was réported that selenium. and vitamin Ejindependently increased
antibody titersiin sheep exposed to the para-influenza3 virus. Oxidative stress may be
the lipk thatsexplains the interactions betweensanimals stressy nutritional deficiencies and
decreasing “of disease resistance, “which ‘often’ observed™in the“field=In cattle, the
production of reactive oxygen metabolites can be increased by the consumption of
Maillard reaction products, mycotoxins, and endophyte-infected tall fescue. Unbound or
“ill-place” iron can increase the production of reactive oxygen metabolites. Miller and
co-workers (1993) showed that inflammation, infections and environmental stresses

might encourage the formation of ill-placed iron. Under these conditions, the need for
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antioxidants is increased. If animals are marginally deficient in selenium and/or vitamin
E, the responsiveness of their immune system is impaired. These animals are more likely
to become sick and/or dead, while animals with a strong immune system may not show
any symptoms. In the past few years, there has been an effort to increase the energy
density of animal diets. With calorie-dense diets animal performance is maximized, feed
efficiency is improved and less animal waste is'generated. Fats additions are a common
means of increasing calorie density. HoweVer, recent data suggested that adding
certain types of fat can inerease the requirements forantioxidants. Beck and co-workers
(1994) conducted a study in.mice‘that the diets were supplemented with lard (saturated
fat) or menhaden fish oil (unsatdrated oil)."lThe diets were supplemented with 0.2 ppm of
selenium and 38.4 mg/kgg#of d-alpha tooépheryl actate. These levels of selenium and
vitamin E are considered to adequate’for Tf’icf' pbut they are not supernutritional levels.
Diets deficient in vitamin'E, Seleniur'n,,or bof}] V\;ere also fed. After being fed the test diets
for four weeks, the mice were eX’boéed to éi:@!irtfs that caused lesions in the heart. Both

£

. . . . i vl s !
selenium and vitamin E defigiency increased the cardiac muscle damage. However, the
g oo .-ljJ
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most severe lesions were seen |n mice fed f‘hT!r'henhaden fish oil diets deficient in both

i

selenium and vitamin, E. No lesions were observed in ice fed diets that were adequate

in selenium and viténﬁn E. Unsaturated fatty acids like thosé"ir_{fish oil increase the need
for antioxidants in the diet. When animals are in a “marginai' antioxidant status”, the type
of fat source added tc; the diet may affect an animal’s su;ceptibility to disease. Large-
scale animalgproduction ‘unitsjare: constantly 'seeking” ways toy minimize stress and
enhance immune function. Antibiotic feeding has been used in many production settings
to controlisubelinical diseases: Although this hasrbeenreffective imthe past, the real
dangers of continued "use are still” controversial. 1t is likely that™ this™practice were
increasingly regulated in the future. Consequently, maximizing the immune status of the
animal is critical to optimum health and longevity. Antioxidant concentrations in the diet,
especially selenium and vitamin E, were increasing emphasized. Feeding a trace

mineralized salt and vitamin premix that have been properly fortified with selenium and

vitamin E respectively; is essential to maintaining animal health and productivity
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Ascorbic acid (vitamin C), a major water-soluble antioxidant, acts as scavenger
for a wide range of ROS. Ascorbic acid is a powerful electron donor that reacts with
superoxide, peroxide and hydroxyl radicals to form dehydroascorbic acid. It is also
present at approximately 10-fold higher concentration in seminal plasma compare with
blood plasma in human (Fraga et al., 1991; Lewis et al., 1997) suggesting a
physiological role in seminal plasma. Further ascorbic acid concentration in seminal
plasma are positively related:to the percentage‘ol.morphologically normal spermatozoa
(Thiele et al., 1995) .4

1.2.5 Effect of polyunsaturated fatty acids supplementation on semen quality

Linoleic acid (an omega-6 fatty élcid) is the only fatty acid for which NRC has
established requirements for sexually_. acti;_/e,.boars (0.1% of diet). However, the effect of
dietary supplementation of various fatty atllﬂds, particularly the omega-3 fatty acids, on
semen and libido charagteristics ih-.boars &gs‘rincreasing interest by swine researchers.

The omega-3 fatty acids are linelenic, eicds‘édéntaenoic (EPA) and docosahexaenoic

(DHA). The boar diets commonly contalﬁ “large amounts of cereals, with most
supplementary protein being added in thefofm of oilseed meals such as soya-bean.
Thus, dietary fatty acids have a (n—6) (n-3) rét|o of greater than 6:1 and do not contain
long chain polyuns'ériémmmﬁmggnnal for optimal fertility in
pig spermatozoa, a; it is in human spermatozoa (Conqd'é’r et al.,, 1999; Nissen and
Kreysel, 1983; Zalata{-et al.,, 1998), then it is possible; that boar diets provide a
suboptimal stpply of 22:6(n:3)!for spetmatogenesis, Thisistlboptimal supply may arise
from either a deficit of (n-3) fatty acids per se or a reduced synthesis of 22:6(n-3) from
18:3(n=3)s0wing to, competition Joctween «(n-6)=and (n-3)fatty, agidsfor desaturase
enzymes (Sprecher, 1989)."Suppiementing the diet ‘of the boars with tuna oil increased
the proportion of viable sperm cells and the percentages of sperm cells with progressive
motility, normal acrosome morphology, and normal morphology (Rooke et al., 2001).
Furthermore, when pregnant sows were offered diets containing either 18:3(n-3) or
22:6(n-3), feeding 18:3(n-3) did not result in increases of 22:6(n-3) in sow adipose tissue

or piglet tissues at birth, indicating a limited biosynthetic capacity of 22:6(n-3) to 18:3(n-



14

3). To date, studies in which fish oil has been fed to boars (Paulenz et al., 1995) have
not improved fertility, although these studies were carried out against a background of
good fertility. PROSPERM” (Minitube America, Inc., Minneapolis, MN) is a commercially
available product that contains DHA, vitamin E and selenium. In a commercial field trial
thirty-five boars were fed diets with or without PROSPERM for 16 weeks. Sperm
concentration (502 million for control,” 584/ million for supplemented), number of
sperm/ejaculate (74.1 billion. for control, 83.4*billien for supplemented), and sperm
motility score (3.9 for control; 4.5 for supplemented)were increased by PROSPERM.
Four hundred, seventy-eight.giltstwere mated via artificial insemination with boars that
received the supplemenit orsthose tﬁl?t did not. Significant improvements were
demonstrated for conception rate (83% de eontrol, 90% for supplemented) and number
of pigs born alive (10.2 for gontrol, 106 foféupplemented) Remaining to be determined
is the relative contribution of each ofithe Cpmponents of PROSPERM (DHA, vitamin E
and selenium) toward the ovarall pOSltlve eﬁect on reproduction (Strzezek et al., 2004).
In many experiments, 8- week perlod wés uied as the control period because
spermatogenesis in boars reqwres 34-39 d—’d ep|d|dyma| transport involves another

9-12 d (Swierstra, 19,58) It |s not surpnsmg that a 7 8 week perlod may be necessary

after dietary supple-‘gr_jéntatlon (Estienne et al., 2008; Strzezel§ e_e_,t al., 2004).

1.3 Objective of the thne--sis

1. To investigate proportion of fatty acid-(FA) composition éfispermatozoa from the
boars which have normal or low sperm motility.

2+, To revaluate, the relatienship jbetween, cenventionalssperm sarameters and FA
composition’in these boars.

3. To investigate the level of lipid composition and lipid peroxide in spermatozoa
and seminal plasma at 0 and 24 hours after cooling.

4. To investigate the total antioxidants in seminal plasma at 0 and 24 hours after

cooling.
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5. To compare the total antioxidants in seminal plasma at 0 and 24 hours cooling
between the semen which has normal storability and low storability.

6. To investigate the effect of fish oil supplemented on lipid composition of boar
spermatozoa.

7. To investigate the effect of vitamins and selenium supplemented on the total

antioxidant status in semi

8. To investigate the

1. The boar m has higher level of
sperm.

2. There are the di ipids, Hipi d total antioxidants status in

-

1.5 Keywords: ma membrane ;Ji: fatty acids, feed

supplementation, boaﬁ

iy 111 ney TNENT, oo

in semen after preservation.

3. Knowledge about the effect of fish oil supplementation on lipid composition of
boar spermatozoa.

4. Knowledge about the effect of fish oil, vitamins and selenium supplementation

on semen quality.



16

5. Knowledge about the effect of vitamins and selenium supplemented on the

antioxidant status in seminal plasma.
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CHAPTER I

RRELATION BETWEEN LEVEL OF POLYUNSATURATED FATTY ACIDS AND
SEMEN QUALITY IN BOAR

2.1 Abstract

Sperm plasma membrane lipids havean important role in membrane fluidity and
sperm motility. The objective of the preient study-was to determine whether there are
differences in lipid and fattysacid (FA) composition of-boar sperm and seminal plasma in
the ejaculates of boars#haviag diiferent sperm motilities. Semen was collected from
normal (>60%; n=53) and lew (<60%; n=53) motility. boars and evaluated for motility,
morphology and vitality#Semen was;.ihen-:ééntrifuged to separate sperm from seminal
plasma and both kept ai-20°C until 7anaI§3,ze‘d for lipid content and FA profile by gas
chromatography. Total antioxidaq_t_ s‘lt_eitus (T/&§) Q‘_f seminal plasma was determined using
a commercial kit. Comparing nofmal af'}"g{.-glow sperm motility boars, there were
differences (P<0.05) in spern{-idtjc}l Iipidsiﬁ_ﬁffesterol, saturated fatty acids (SFA),

phospholipids, n-3 polyunsaturated-fatty adi‘és’i@PUFA), docosahexaenoic acid (DHA)

and the ratio of n—6:n"f3 PUFA. There were positive correlat‘lions (P<0.05) between total
lipids, cholesterol, ."p"";wospholipids, PUFA, DHA and n-3 PUFA with sperm motility,
viability, normal morphelogy and normal plasma membrane: In contrast, SFA and ratio of
n-6: n-3 PUFA were negatively correlated (P<0.05) with sperm motility, viability, normal
morphology and narmal plésma membranel The (TAS of iseminéal plasma from normal
motility boars was higher (P<0.05) than that of low motility boars andiT AS was positively
correlated’ (P=0.0001), \with spefm .matility,’ viakility, normall marphology and normal
plasma'membrane. In summary, differences in sperm moatility were related to n-3 PUFA
content in the sperm plasma membrane and extracellular antioxidants in seminal
plasma, which protect sperm plasma membranes from lipid peroxidation during periods

of oxidative stress.
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2.2 Introduction

In sperm, lipid composition of the plasma membrane plays an important role in
sperm membrane fluidity as well as sperm motility and viability (Ahluwalia and Holman,
1969; Miller et al., 2004). Boar sperm plasma membranes have a higher percent of n-6
than of n-3 polyunsaturated fatty acids (PUFA) (Ahluwalia and Holman, 1969; Rooke et
al., 2001). The main fatty acid in boar sperm plasma membranes is docosapentaenoic
acid (DPA) (Rooke et al., 2001) and levels did aot change during storage and were not
related to decreasing..sperm  motility. In-—conirast, boar sperm membrane
docosahexaenoic acid (DHA) was decreased after storage and was positively
correlated with sperm matility (Cerolinl‘-l et al., 2000). Further, human sperm from
asthenozoospermic, “6ligozoospermic ané oligoasthenozoospermic men had a lower
level of DHA and PUFA than those from nofmozoospermlc men (Aksoy et al., 2006) and

a high DHA content in poth semlnal plasm‘é and sperm has been positively associated

with sperm motility in men (Nissen-and Kreysét 19883; Zalata et al., 1998). DHA may

- .}
contribute to membrane ﬂU|d|ty ne?:essary fGt motlllty of sperm tails (Connor et al.,

1998). Sperm total lipid content Was posmvety:correlated with sperm motility and viability
while saturated fatty aC|ds (SFA’) (Aksoy et a1 2006) and n-6 PUFA (Safarinejad et al.,
2010) were negatlvelymeﬁ'vmmwmmy’anﬁ'vrablhty

Plasma membranes of boar sperm are sensitive to lipid peroxidation (LPO)
damage caused by {r-eactive oxygen species (ROS) due to the high content of
unsaturated fatty ‘acids in‘the ‘phosphalipids-(Alvarez and Starey, 1992; Cerolini et al.,
2000; Parks and Lynch, 1992) and relatively low antioxidant capacity of boar seminal
plasma (Brezezinska-Slebedzinska et al.; 4995). The major, squrce~0f ROS in seminal
plasma is sperm metabolism (Cerolini ‘et"al., 2000) 'and these ROS‘may-be associated
with the time-dependant decreased motility, viability and membrane permeability
observed during storage. In particular, an aromatic amino acid oxidase enzyme system
activated following death of sperm has been identified as major source of ROS
production in semen (Upreti et al., 1998) and ROS such as hydrogen peroxide are

known to arrest sperm motility (Wales et al., 1959). It is therefore plausible that during
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storage, an increasing level of ROS causes increased sperm membrane LPO and so
decreased sperm motility. We hypothesize that relatively poor sperm quality is
associated with an altered fatty acid composition of sperm and seminal plasma. The aim
of the present study was to compare lipid content and fatty acid composition of boar
sperm and seminal plasma derived from boars expressing normal and low sperm

motility.
2.3 Materials and methods -

2.3.1 Animals |

The animal use amd care gom;nitj:ee of  Chulalongkorn University, Thailand
approved this study. Tihe study employee{ﬂ 06 healthy boars (Duroc, n=78, Yorkshire,
n=10 and Landrace nz18)sof/ 1 -:to . yrfsd Jé)f age on 16 commercial pig farms in
Nakhonpathom, Ratchaburi and Burirum p_'rb-Vin‘ces, Thailand. Immediately prior to the
study, five ejaculates from each boa'r were é-’\?‘i;iljua_ted for sperm motility immediately after
collection and the boars then éﬂooéted to g@u{og having normal motility (>60%; n=53)
and low motility (<60%; n=53). “Criteria for d1v1drh_g' the boars were 60% sperm motility

which is acceptable éwotﬂﬁyo%speﬁﬁused--iﬁpig tarm-forfresh semen.

2.3.2 Semen collection and evaluation

For allfBoars; sememwasicellected into pre-warmed«(372€) containers using the
glove-hand method once a week for" three weeks consecutively. Immediately after
collection, semen_was diluted 1:1 in BTS and motility determined*twice under light
microscopy. at! magnification’ %100 fon ‘al prewarmed (37°C)Jslide’ and sperm
concentration determined using a hemocytometer. Total sperm number was calculated
using sperm concentration and ejaculate volume. Sperm morphology was evaluated
using the William’s staining method for head abnormality and the formal saline method
for tail abnormality (Buranaamnuay et al., 2009). The minimum number of sperm
counted per slide was 500 for head and 200 for tail assessments. Sperm viability was

evaluated by eosin-nigrosin staining of a minimum of 300 sperm. Plasma membrane
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permeability was evaluated by the HOS test (Jeyendran et al., 1984). At least 200 sperm
were examined using a phase contrast microscope at magnification x400 for evidence
of tail swelling. Immediately following sperm evaluations, 30 ml of the semen was
transported to the laboratory at 37°C within 2 hours. The sperm was separated from the
seminal plasma by centrifugation at 700 xg for 20 min at 4°C. The sperm was re-
suspended in the same volume of normal saline.and re-centrifuged. This process was
repeated twice and the washed sperm and«the seminal plasma were stored at —20°C

until needed for analysis (Rookeetal., 2001).

2.3.3 Sperm lipid extractionand analysis '].

Total lipids were extragted from QXQ-OQ sperm, and from seminal plasma, after
homogenization in chloroferms methanol -('21 v/v) (Christie, 1982). The lipids were
classified into their major classes (phospﬁollp|d free cholesterol, triacylglycerol, free

fatty acids and cholesterol ester) by thin Iayer ehromategraphy on silica gel G using a
;: ,;
solvent system of hexane: dlethyl etherformlo acid (80:20:1, v/v). After visualization
,u

under UV light following spraylng Wlth 0-1% fm;‘v) 2,7-dichlorfluorescein in methanol, the

separated bands were scraped Trom the plates ﬁhosphollpld was eluted from the plates

by washing three tlmes with 2 -ml-methanol, and the other nplq classes were eluted with
diethyl ether. Free éhblesterol was determined by a color:i';wetric assay. The fatty acid
extract was saponified{i-n 1.0 ml of methanolic 1 M NaOH fc;r 45 min at 70°C and the fatty
acids were then methylated by 'addition of 1:0 ml methanhalic-bofen trifluoride (15 min at
70°C). The samples were allowed to cool to room temperature and 3.0 ml water added.
Methylatedsfatty acids, weresextracted withy diethyl ethery thewether removed under
nitrogen and methyl esters dissolved™in' n-pentane for further analysis“by gas-liquid
chromatography (SP-2330 capillary column [SIS, Ringoes, NJ, USA], 120 m at 120 to
210°C, 4°C/min, He 1.0 ml/min) (Christie et al., 1970; Rooke et al., 2001). Fatty acids

were identified according to their retention time compared to those of standards

analyzed under the same conditions. Deuterated Chlorobenzene was used as internal
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standard. Total lipids are expressed as pg/109 sperm and pg/ml seminal plasma. All

lipid analysis was done at TCUG, Bangpli, Samut Prakan.

2.3.4 Total antioxidants in seminal plasma assay

An aliquot of 10 ml of freshly thawed seminal plasma was analyzed for total
antioxidant status (TAS) with the use of the TAS Randox" kit (Cat No. NX2332, Randox
laboratories, Ltd, Crumlin, UK) using a Sunrise. Absorbance Reader (TECAN®, Austria).
The linearity of calibration-extended from:to 0.025-i0-2:5 mmol/I of Trolox. Inter and intra-

assay coefficients of variation.were'6.4% land 5.3%, respectively.

)
2.3.5 Statistical analysis y 3 4

Statistical analysis was perfor;medawnh SAS 9.2 (The SAS Institute Inc., Cary,
NC, USA). Normal distripution of re&duals-*frc;m the statistical models was tested using
the UNIVARIATE procedure option-NORMAt ‘Since the sperm per ejaculate, normal
plasma membrane and total I|p|d m-sperm Ia'hd semmal plasma did not follow a normal
distribution, they were arcsiné- transformed—before inclusion in the model. Sperm
parameters, lipid compositioh “Ih-Both spérm ’éna seminal. plasma, and antioxidant
capacity in seminal| pIasma—arepresenfed—a&meaﬂSB—AlL parameters were subjected
to analysis of variancg, which was performed using the MIXED procedure according to
a statistical model incruding the fixed effect of breed (3), collection number (3) and the
interaction béetween] Breed and’collectionthumberto Compare: differences between
groups. Boarsywere used as random effect in the model. Correlations between variables
were .determined by .using .the..Pearson,, correlation.. coefficient .in” case of normal

distribution "and By Spearman's: rank’ correlation ‘¢oefficient in case-of non-normal

distribution. The limit of significance was set at P<0.05.

2.4 Results
Boar age was 1 to 3 yrs and was not different between sperm motility groups
(P>0.05). Total sperm produced per ejaculate was similar for each motility group

(P>0.05) but when compared the low motility sperm group with the normal sperm
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motility group. The latter group had higher (P<0.05) percentages of motility, viability,
and normal membrane permeability as well as higher (P<0.05) percent normal
morphology (Table 1).

Normal motility sperm had higher (P<0.05) total lipid content, percent

phospholipids (P<0.05) and percent cholesterol (P<0.05) than those from low motility

boars (Table 2). Regarding fatt tions, normal motility sperm had higher

(P<0.05) percentages of D IdS (P<0.05) than those from low
motility boars (Table 2). had lower percent saturated
fatty acids, total n-6: n- .0 for each; Table 2)

Table 1 Characteristi

Characteristics Low motility
Sperm per ejaculate (x 76.9+36.2°
Sperm motility, % 30.6+12.8"
Sperm viability, % 31.5+14.9°
Normal morphology, % 85.1+4.9°
16.747.5°

Table 2 Lipid and fatty ai‘,icligr:rofiles of sperm%t})zoa from normal and low motility boar

sperm (Mearﬁ

Normal mot|||ty Low motility
ﬁﬁ”ﬂim A ﬂ YV
Cholesterol ester, % 1.440.19° 1.45+0.46°
Phospholipids, % 64.2042.01° 60.78+2.48"°
Phospholipid fatty acids (%)
Saturated 26.66+1.94° 32.93+1.77°

Monounsaturated 12.11+1.53° 12.13+1.65°



23

18:2(n-6) 9.68+0.64° 9.45+0.62°
20:2(n-6) 2.16+1.31° 2.1441.54°
20:3(n-6) 2.17+1.09° 2.160.81°
20:3(n-9) 1.08+0.89° 1.02+0.81°
20:4(n-6) 7.1620.75" 7.2520.61°

20:5(n-3) EPA 4.52+2.24°
22:4(n-6) 6.25+0.65°
22:5(n-6) DPA 12.76£2.17°
22:6(n-3) DHA 10.23+3.63"
Total (n-6) 40.01+3.16°
Total (n-3) 14.75+3.67"
Total (n-6):(n-3) 2.95+1.07"
DPA:DHA 1.53+0.97°
Rows with different superserip é‘&;{j
The lipid, fatty acid pro, d t ntioxidant status of seminal plasma are

presented in Table"3 helesterol were not different

between motility oyr

" normal motility boars had
higher percentages oﬂhosp olif otal n-3 f@y acids (P<0.05), and lower

ratios for total n-6: n-3 ind DPA: DHA ( P<OJ ) than seminal plasma from low motility

boars. Addltlﬁ uﬂ %%ﬂﬂﬁ@ﬂﬂ@ﬁ ﬁi a higher antioxidant

total status tha that from low mot|||ty boars (P<O0. 05

o) W LN, TUUBANIIAY. ...

from normal and low motility boar sperm (Means + SD).

Normal motility Low motility
Total lipid, pg /ml 15.53+1.66° 15.57+2.09°
Cholesterol, % 44.21+3.27° 44.06+4.19°

Cholesterol ester, % 9.60+3.36° 10.09+3.75°
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Phospholipids, % 39.91+5.64° 34.28+5.97°
Phospholipid fatty acids (%)

Saturated 24.91+2.37° 27.11+2.09°
Monounsaturated 4.13+1.40° 3.83+0.99°
18:2(n-6) 1.83+0.80° 2.11+1.44°
20:2(n-6) §'ﬂ% n/a
20:3(n-6) : n / n/a
20:3(n-9) : é 9.36+4.21°
20:4(n-6) 2.26+1.24°
20:5(n-3) EPA \ 1.53+2.84°
22:4(n-6) 1.75+0.83°
22:5(n-6) DPA 24.3642.21°
22:6(n-3) DHA 27.06+3.62°
Total (n-6) 30.93+2.71°
Total (n-3) 28.59+3.69"°
Total (n-6):(n-3) 1.11+0.20°
DPA:DHA 0.92+0.19"
a0 0.80+0.56"

Rows with different superscripts (a,k

s|gn|ﬁ u Ejv{‘}cﬂﬁlaﬁ»m Wﬁ @ﬂ %e detected between

measures of eﬂerm quality percentages of motlllty, viability, normal morphology, and

TSR NN e
cholesterol, phospholipids he DPA: A ratio, total FA (Table 4).

Significantly negative correlations (P=0.009 to 0.0001) were evidences between the

measures of sperm quality and SFA and ratio of total n-6: n-3 PUFA (Table 4). Total
antioxidant capacity of seminal plasma was positively correlated (P=0.003 to 0.0001)

with measures of sperm quality (Table 4).



25

Table 4 Correlations between sperm parameter and lipid content from sperm and

antioxidant capacity from seminal plasma

Motility Viability Morphology Normal plasma

(% normal) membrane

r P r P r P r P
Total lipids 0.34 0.0004 0.34 f0:0004 0.16 0.1 0.53 0.0005
Cholesterol 0.63 0.0001 0.63 0.0004 0.28 0.004 0.60  0.0001

Phospholipids 0.64"%0:0001 0.64 00007034 00004 061 0.0001

SFA -0.84 00004 -0183« 0.0001.0.41 0.0001 -0.81 0.0001
PUFA 0.76_#0.000% //0.75 00001 038 0.0001 073 0.0001
DPA ofe LA [ Froiis do 0.03 08 012 0.2

DHA 089 Gog0i 57| 00001 0334 00006 057 0.0001
DPA:DHA os6ff obodn 654 f,_o?oom 080 0.0002 0.54 0.0001
Total (n-6) 0.10 #0.06 “ 0.1 92 004 07 0.09 04

Total (n-3) 043  QIO0DF 0.4 ;f_ji.‘r_)_gm 024 002 042 0.0001

Total (n-6):(n-3) 042 0.0001 039 00001 -0.29 0009 -041 0.0001
TAS 0580.0001 0.54 00001 08 £~ 0003 056 0.0001

2.5 Discussion

We were suogessful in our attempt to create gopulations of boars having
relatively normal “and; poor| measures | of ‘sperm. quality, Specifically percentages of
motility, viability; morphologically normal sperm and normal sperm plasma membrane
permeability: Altheughndirecttmeasures wereinot available pitjis“reasonable to suggest
that ferdility expectations would be lower for the low motility boars. Producers keep these
low motility boars because they have been imported and are of superior genetic merit
and so are perceived to have great value to their owners who, therefore, are very
reluctant to cull them. The present results also clearly indicate an association between

the conventional measures of sperm quality we employed and lipid composition of the

washed sperm and their seminal plasma. In common with recent data from fertile and
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infertile men (Safarinejad et al., 2010), we noted that measures of sperm quality were
positively correlated with their n-3 PUFA content and negatively correlated with their
ratio total n-6; n-3 PUFA content. Lipid content of sperm plasma membranes is known to
correlate with sperm motility, viability and a functional plasma membrane (Ahluwalia and
Holman, 1969; Aksoy et al., 2006; Conquer et al., 2000; Parks and Lynch, 1992; Rooke
et al., 2001; Zalata et al., 1998), which is consistent with the positive correlation of sperm
total lipid content with sperm motility, viabilitz.@andsnormal plasma membrane noted in
this studly. .4

Cholesterol is an impertant component of the lipid fraction in the sperm plasma
membrane, playing an important.role in '_fpromoting sperm membrane permeability and
fluidity in bulls (Beer-Ljubi¢ et al., 2_009;:‘.LM-oraes et al., 2009), stallions (Glazar et al.,
2009; Oliveira et al., 2009) and rar_ns‘(Mqéej_et al., 2009). Fluidity and permeability of
sperm plasma membranes Contribrute's to Eﬁe rmaintenance of their motility and viability
(Beer-Ljubic et al., 2009; Glazar et al 2009{7\7!6& et al., 2009), which is consistent with
our results showing the low motrlxty sperm ‘fnavmg a lower cholesterol content. It has

been reported that boar sperm Iose up to_—h_lf of the cholesterol from their plasma

membranes after cryopreservahon (Cerohm et aI 2001) This"is likely one of the causes

of a premature caga_putatlon—llke effect seen in cryopreser\z__régir sperm cells. It is known
that a loss of cholesterol from the plasma membrane |s one of the first events in
capacitation which degreases the stability of the membrar:e (Tulsiani et al., 1997). This
premature capacitation-like state ofis thoughtto be ane reason why cryopreserved cells
do not remaintviable in the female reproductive tract as long as fresh sperm. Further,
whenboarsiwere fed aidiet,supplemented with tunaeiljithe gholesteral content of sperm
was increased ‘as was sperm motility,” viability, and normal“acrosomes™(Rooke et al.,
2001). In contrast, some study found no differences in sperm motility after fed the boars
which have a good motility of sperm by omega-3 fatty acid. Perhaps, increasing of
sperm motility depends on percentage of sperm motility before feed by supplementation

(Estienne et al., 2008). The increment of antioxidants requirement after adding fat to the

diet must be considered (Beck et al., 1994). Interestingly, with human sperm there was a
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negative correlation of cholesterol content with sperm motility, viability, permeability and
normal morphology (Zalata et al., 2010).

Sperm concentration and motility have been shown to decrease with age in bulls
and this change in sperm quality was associated with reduced n-3 PUFA, likely due to
reduced activity of desaturase enzymes necessary for synthesis of long chain PUFA
(Kelso et al., 1997). This is consistent with theinon-age related lower n-3 PUFA content
of sperm and seminal plasma from the low moiility.oars in the present study. However,
whether there is an age-independent causal relationship between lower enzyme activity,
PUFA content, and sperm qualityremains to be determined.

The phospholipidsgn the plasma -'Enembrane affect sperm function. In particular,
DHA and other n-3 PUFAvare impo_rtant.ffor; sperm development, motility and viability
(Kelso et al., 1997; Safaringjad et al ’20‘@ DHA was decreased in sperm membrane
phospholipids of asthenospermlc men (Akspy et al., 2006; Zalata et al., 1998) and this
was related to oxidative damage (Comhla‘rre et al., 2000). In the present study,
phospholipids, PUFA and the n 3 PUFA rncl{ﬁmg DHA correlate positively with sperm
motility, viability, normal morphology and nonﬁ;rplasma membrane. However, n-6 PUFA

are the main PUFA of sperm plasma membranes of boar (Rooke et al., 2001), bull

(Moraes et al., 2009),‘pou|try (Douard et al., 2000) and human ,(Aksoy et al., 2006; Zalata
et al., 1998), but as shown in the current study and those of previous workers (Aksoy et

, 2006; Cerolini et al 2000; Conquer et al., 1999; Douard et al., 2000; Rooke et al.,
2001; Wathesset“al., '2007; |Zalata ‘et al., 1998), 'n-6 PUFA" donot correlate with our
measures of sperm quality. The present study did demonstrate that the ratio of n-6: n-3
PUFA™in iphospholipids is;negatively correlated with, sperms quality;which agrees with
data from human sperm (Aksoy et al., 2006).

The high PUFA content in sperm plasma membranes make them vulnerable to
ROS-induced lipid peroxidation (Aitken et al., 1989; Aitken et al., 19936’b; Alvarez and
Storey, 1995; Awda et al., 2009). Sperm can be protected from lipid peroxidation by
extra-cellular antioxidants in seminal plasma and, consistent with this, a low antioxidant

capacity has been associated with human male infertility (de Lamirande and Gagnon,
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1992% Fraga et al., 1991; Khosrowbeygi and Zarghami, 2007; Lewis et al., 1997;
Murawski et al., 2007). Previous reports showed that high level of antioxidants presented
in boar seminal plasma are derived from low molecular weight fractions (Strzezek, 1999;
Strzezek et al., 2002). Thus, a deficiency of these fractions can affect the overall

protection of sperm from oxidative damage, which can have a negative effect on sperm

In summary, d ne6C.ifl Spe motili ssomated with the n-3 PUFA
content in sperm plasma ’, [ ortant role in sperm motility,
viability and fluidity. nal plasma protect sperm
plasma membrane fro stress. It is possible that in
the event of lower spern i liIng semen with antioxidants or

adding a source of n—é PUFA ¢ >viate the problem.

ﬂ'lJEJ’J‘VIEWl‘iWEJ’lﬂi
Q‘imENﬂ‘iﬂJ UA1AINYAY



CHAPTER Il

THE CHANGES OF THE LEVELOF LIPIDS, LIPIDPEROXIDE AND ANTIOXIDANTS IN
BOAR SEMEN AFTER COOL STORAGE

3.1 Abstract

Lipids have an important role in memprane fluidity and sperm motility. Imbalance
of antioxidants and Reactive Oxygen Spﬁcies (ROS).ean make lipid peroxidation (LPO)
of the sperm membrane whieh plays ani importantrole in damage and loss of function
associated with sperm steragesThe aims Iof this study were to investigate the changes in
viability, lipid peroxidatien, fatty acid COTijpOSitiOI’\ in boar spermatozoa and antioxidant
capacity comparing between normaf (>5(t}:/i;§ or low (<50%) sperm motility at 24 h. For
the present study, 20 boars were pre?sele'c‘-:gted based on normal (>50%) or low (<50%)
sperm motility at 24 h'after collegtiqh and'ﬁédalct]_ normal boar paired by age with a low

motility boar. All boars were housed under'e!:'tJta__e same conditions. Semen was collected

from each boar once a week foF 3 wks and the semen evaluated for motility, sperm

concentration, and total num_b_gr_ of sperm;;:pg{c@ntage of normal morphology and

membrane perme_é@ility, and viability. Additionally, s_b@rm motility, membrane
permeability and vit’a‘I—i’ty were assessed following storage ir_:—B'eItsviIIe Thawing Solution
(BTS) for 24 h at 18°C. Lipids were extracted and analysed for lipid profiles, and lipid
peroxide products quantified directly usinga commercially available LPO kit using
sperm separated fram BTS gxtender after 0 and 24 h. Totallantioxidant in extender at 0
and after 24 h were quantified usinggTAS Randox®,Kkit. Effects of starability group were
observed after 24°h storage for motility, viability and membrane permeability (66.7+4.8
vs. 37.8£6.4, 66.2+7.4 vs. 32.3x3.7 and 68.2+5.3 vs. 41.3£7.1, for normal and low
storability groups respectively; P<0.05). After storage for 24 h, LPO levels of normal
motility sperm were lower (P<0.05) than of the low motility sperm (11.53+£1.42 vs.
19.14+1.12). Contrastingly, total lipid, proportion of cholesterol and TAS of normal
motility sperm were higher (P<0.05) than of the low motility sperm (161.58+21.36 vs
155.12+12.31, 33.41+£1.82m vs 25.91+1.23, 1.18+0.35 vs0.97+0.36, respectively). We
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concluded from the present data that LPO level, total lipid, proportion of cholesterol in
sperm membranes and TAS have an involvement in reductions in motility, viability,

membrane permeability and hence, storability of sperm.

3.2 Introduction

Fertility of liquid boar semen progressively decreases with duration of storage
(Bennemann et al., 2005; Waberski et al., 1994) and is associated with compromised
sperm quality (Kumaresan«et-al., 2009) and-a-iredueced ability of sperm to bind to
oviductal epithelium (Waberskitet.al., 2006). These changes in fresh boar sperm, as well
as reduced fertility of cryopreserved boéir sperm, likely involve changes in the sperm
plasma membrane. Boar sperm are_,.sens}itiye to peroxidative damage due to the high
content of unsaturated fatiy aC|ds in the*phosphollplds of their plasma membranes
(Alvarez and Storey, 1992: Cerollm et aF 2000 Park and Graham, 1992) and the
al., 1995). It has been demonst‘ra‘ted in HU‘man (Alvarez and Storey, 1992, 1995;
O'Flaherty et al., 1997) and mouse sperm (Mazur et al., 2000) that cryopreservation is
associated with oxidative stress W|th conseqdent |nh|b|t|on ofimotility (de Lamirande and
Gagnon, 1992°) anémmym(ﬁﬁmxm%) Sperm are efficient
producers of reactivé oxygen species (Cerolini et al., 2000):';nd these ROS may be one
factor involved in tﬁé decreased motility, viability a’nd membrane permeability
associated with 'storage ofisperm. The IROS"Wwere produced™from several potential
sources during icryopreservation of sperm (Bailey et al., 2000; Wang et al., 1997). In
particular; an ,activated, aromatic .aminoyacid exidase, enzyme system, following death of
sperm has been identified 'as*major‘source of ROS“praduction in semen’(Upreti et al.,
1998) and ROS such as hydrogen peroxide are known to arrest sperm motility (Wales et
al., 1959). Total antioxidant capacity is reduced during storage of boar semen at 18°C
(Brezezinska-Slebodzinska et al., 1995). It is therefore plausible that an increasing level
of ROS causes increased sperm membrane LPO and strongly decreased sperm motility

during storage (White, 1993). The responsibilities for the sperm deterioration during in
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vitro storage are not clear. Evidence is accumulating that changes in the sperm
membrane structure and thus in membrane properties are responsible for the
decreased the ability of stored spermatozoa. For example, the ability of the molecular
organization of the sperm membrane to respond to cooling may be impaired through an
inability to change fluidity (Buhr et al., 1989). Fluidity is related to the integrity of the
membrane lipids (Stubbs and Smith, 1984), /and changes in the lipid composition of the
plasma membrane may therefore be associated with the cooling and storage effects.
Sperm cells are characterized by a high level~of*polyunsaturated fatty acids; lipid
peroxidation may be one of.ihe.mechanisms responsible for the negative biochemical
and physiological changgs during sperrLP storage. However, data on the changes in
sperm lipid composition .and their_susc%p,tibility to peroxidation during storage are
limited. The aim of sthis sstudy was’ toTin\f_estigation of changes in viability, lipid
peroxidation, fatty acid composition'in b‘fgarr spermatozoa and antioxidant capacity
comparing between normal (>60%)and Iovv-':_(éSjC-)O/o) sperm motility at 24 h.

"
ald v ol

3.3 Materials and methods -~ —

381 Animals |

The animal -u;e' and care committee of Chulalongk:'c:rn University approved this
study, which employea-ZO mature (22 m) boars housed at a commercial farm in Burirum
province, Thailand. |Boars™Weleipfeisélécted ©0n [the |basis ofdhormal (>50%) or low
(<50%) spermamotility at 24 h after collection and each of 10 normal boars were paired
by age with.a.low.motility.boar. Criteria for.dividing-the, boars, were.50% sperm motility
which is acceptable motility of'sperm used'in pig farm ‘after=24 h' of'Goolstorage. Each
sperm motility group comprised 4 Duroc, 3 Yorkshire, and 3 Landrace boars and all
boars were kept under the same conditions. Each boar was housed individually and

allowed 2.5 kg/d of commercial gestating sow ration. Water was available ad libitum.
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3.8.2 Semen collection and evaluation

For all boars, semen was collected and evaluation as description in chapter Il

3.8.3 Sperm lipid extraction and analysis

Total lipids were extracted from 3x10° sperm from 0 and 24 h in BTS extender
and analyzed for lipids and fatty aci

,’ﬁ descrlptlon in chapter Il

3.8.4 Lipid peroxide assay..... -J '_

Sperm pellets thawed in a 37°C water bath

for 5 min. Lipids wer as description in chapter Il

3.8.5 Total antioxida

3.8.6 Statistical an' :
Qtltute Inc., Cary, NC, USA).

alyzed using SAS 9.1 (The SAS
Differences ﬁvﬁ grﬁ t-test and between
motility grouﬁeu %m ED[T[( ﬂngjﬁnirs are presented as
mean£SD.

’Q“mﬂﬂﬂim UAIINYA Y

3.4 Re ults

All data Were

There was no difference between motility groups for any parameter at the time of
collection (fresh semen). After 24 h storage in BTS, sperm motility, membrane
permeability and vitality had decreased in both sperm motility groups (P<0.001; Table

1). Further, compared to the normal motility group, at 24-h the low motility group had
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lower (P<0.05) percent motility (66.7+4.8 vs. 37.3+6.4), percent viability (66.2+7.4 vs.
32.0+3.7) and percent membrane permeability (68.3+5.3 vs.41.3x7.1) (Table 5).

Table 5 Comparison of sperm parameters from normal and low sperm motility groups

(means + SD)

Variables Low motility group
at24 h

Semen volume (ml) 259.7490.1

Sperm (x10% ml) 250.7+24.3

Head normality (%) 97.8+2.5

Tail normality (%) 93.6+7.6

Fresh semen membrane pe 84.6+6.0°

Membrane permeability at O h (_, —— 81.4+5.3°

Membrane permeability.at 24 h (%) 41.357.1™

Fresh semen motility (E} 80.7+4.5°

Motility at 0 h (%) d8.4¢5.3° 79.443.5°

oty afer @% Ei 'f“j VNENTHHT)T ames”
CRRIAN I NRIF N

Viability after 24 h (%) 66.2+7.4* 32.3+3.7"

*® within row, means followed by different letters differ, £<0.05.

*“within column block, means followed by different letters differ, P<0.05.
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Table 6 Comparison of lipids, fatty acid profiles, lipid peroxide of sperm and total

antioxidant status (TAS) at 0 and 24 h of normal and low motility boar sperm at 24 h

(Means + SD).

Normal sperm motility at 24 h Low sperm motility at 24 h

Oh 24h Oh 24h

Total lipid, ug /10° sperm ~ 165.42416.33° | 161.58+21.36° 162.14+18.46" 155.12+12.31°

Cholesterol, % 3491+1.34° 3841Lie82°  32.23+2.39° 25.91+1.23°
Cholesterol ester, % 1:33+0.28° 7 1.31x0:12° 1.36+0.41° 1.34+0.58°
Phospholipids, % 6379871171 | 61.18+421° .  62.73+2.37° 59.12+2.83°
Phospholipid fatty acids (%) \
Saturated 25 1A+4 33° © 7 2532+44.23% . 26.32+3.23° 25.31+2.83°
Monounsaturated 13.0944 .1235 ?243511 657 11.87+1.98° 11.49+1.69°
18:2(n-6) 1000981 23" fm.13¢1.45a 9.13+1.11° 10.1442.43°
20:2(n-6) D ag1 21 3122i183 218+1.76°  2.65+1.77°
20:3(n-6) 3.26;_2;54&-1; é.—é;}%Jj,.ess . 2.29%1.52° 2.78+1.56°
20:3(n-9) 1.180.35° 251_:] 51° 1.63+1.05° 1.63+1.43°
20:4(n-6) A 6.9742.31° 6.43+351" 17,09£1.87° 7.98+2.67°
20:5(n-3) EPA AT 2444155 2.07+1.43° :.2-.'44i1 32° 1.67+1.43°
22:4(n-6) 6.53+1.56" 6.86£1.34° | 6.89+1.78° 6.43+1.32°
22:5(n-6) DPA 12.98+2.35° 14.08+4.25° 13.55+2.56° 13.18+3.45°
22:6(n-3) DHA 16,01%1.85° 16,91+1.29° 15.54%1.76° 16.74+1.35°
Total (n-6) 42.166.75°  41.36+7.45°  41.13+456" 43.16%2.45°
Total (n-B) 18.4542.83° 18.9842.28° 18.98+3:43°% 18.41+2.21°
Total (n%6):(n-3) 2.28+0.98" 2.45+0.75" 2.18+0.76" 2.48+0.92°
DPA:DHA 0.81+0.21° 0.75+0.43° 0.87+0.43° 0.79+0.41°
TAS, mmol/L 1.34+0.72° 1.18+0.35° 1.44+0.72° 0.97+0.36°
Lipid peroxide, 8.12+0.74° 11.53+1.42° 8.32+1.81° 19.14%1.12°

mmol /10° sperm

“° within row, means followed by different letters differ, P<0.05.
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After storage for 24 h, LPO levels in sperm of normal motility sperm were lower
(P<0.05) than of the low motility sperm as determined (11.53£1.42 vs 19.14+1.12; Table
6). Contrastingly, total lipid, proportion of cholesterol and TAS of normal motility sperm
were higher (P<0.05) than of the low motility sperm (161.58+21.36vs 155.12+12.31,
33.41+1.82vs 25.91+1.23, 1.18+0.35vs0.97+0.36, respectively). There was no difference

of phospholipid fatty acid between normal anddow sperm motility at 24h (P>0.05).

3.5 Discussion .

The present findings.eoniirm reduced sperm motility, membrane permeability
and vitality after storage offsperm for 2'111 h in BTS. Further, the magnitudes of these
reductions were markedly larger for the bw,.motility group. Similarly, the amount of LPO
was increased after 24¢h storage with=the h:r’crease peing much larger for the low motility

group. One factor influencing spérm mof_llityr and viability is the production of ROS

(Cummins et al., 1994) sawhich-are known o induce lipid peroxidation of sperm

i - .}__
membranes, inhibit sperm metabotisi, dep’létg ATP, and cause leakage of intracellular

enzymes (Brezezinska—Slebodz-.i'r.{srk:a S —1:99—5‘ Cerolini et al., 2000; Chatterjee and
Gagnon, 2001). The increaséa"[Pb noted rﬁﬁé present study agrees with previous
reports where incfeémée of liquid boar semen
(Kumaresan et al., 5009) and frozen-thawed boar sperm:'r(’Rooa et al., 2004). Similar
effects have also been{-observed for cryopreserved buffalo’(Kumaresan et al., 2006) and
bull sperm (Q'Flahertyiet al., 11997).

ROS are a normal byproduct of cellular metabolism but become injurious when
produced, sin sexcess. sROS were, produced, from=several peotential sources during
cryopréeservation ‘of sperm’ (Bailey et ‘al’, 2000;'Wang' et ‘al;, 1997). In-particular, an
aromatic amino acid oxidase enzyme system activated following sperm death has been
identified as a major source of ROS production in semen (Upreti et al., 1998), which is
consistent with the higher sperm mortality and LPO content with storage in the present

study, especially in the low motility group. Although speculative, it is plausible that the

sperm in the low motility group were more sensitive to ROS and associated LPO
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production resulting in increased sperm mortality. This, in turn, would increase ROS
production via the aromatic amino acid oxidase enzyme system and so accentuate the
LPO effect, reducing motility and membrane permeability resulting in further sperm
mortality. This would be further accentuated by a lower antioxidant capacity of seminal
plasma from the low motility group. The etiology of defects of sperm function are likely
multifactorial, although a major involvement of LPO seems likely (Aitken et al., 1989;
Alvarez and Storey, 1992; Audet et al.,” 2009, Chatterjee and Gagnon, 2001; de
Lamirande and Gagnon, 4992+ Kumaresan etal;2009):

In particular, DHA and other n-3 PUFA are important for motility and viability
(Kelso et al., 1997, Safarinejadietr al, 20'10). DHA was decreased in sperm membrane
phospholipids of asthenospermic men (A:risey et al,, 2006; Zalata et al., 1998) and this
was related to oxidative damage (C_)ornhaq“'e e_t al., 2000). In the present study, the n-3
PUFA including DHA have no posrtive rest‘iltsron sperm motility, viability. However, n-6
PUFA are the main PUFA of sperm plasma membranes of boar (Rooke et al., 2001), bull
(Moraes et al., 2009), poultry (Douard et al; .2060J ‘and human (Aksoy et al., 2006; Zalata
et al., 1998), but as shown in the Current stuey;;and those of previous workers (Aksoy et

al., 2006; Cerolini et— al 2000 Conquer et aT 1999 Douard et al., 2000; Rooke et al.,

2001; Wathes et aI 2007 Zalata et al., 1998), n-6 PUFA do:hgt have positive effects on
sperm quality. '

Cholesterol is ;n important component of the Iipid’fraction in the sperm plasma
membrane, playing an.important role in/promoting 'sperm membrane permeability and
fluidity in bulls](Beer-Ljubic et al., 2009; Moraes et al., 2009), stallions (Glazar et al.,
2009Oliveira~et 2k, 2009), and rams (Moceret-al:;2009). F luidityandapermeability of
sperm plasma membranes contributes to the maintenance ©f their motility and viability
(Beer-Ljubic et al., 2009; Glazar et al., 2009; Moce et al., 2009), which is consistent with
our results showing the low motility sperm to have a lower cholesterol content. It has
been reported that boar sperm lose up to half of the cholesterol from their plasma

membranes after cryopreservation (Cerolini et al., 2001). This is likely one of the causes

of a premature capacitation-like effect seen in cryopreserved sperm cells. It is known
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that a loss of cholesterol from the plasma membrane is one of the first events in
capacitation which decreases the stability of the membrane (Tulsiani et al., 1997).

We concluded from the present data that LPO level, total lipid, proportion of
cholesterol in sperm membranes and TAS have an involvement in reductions in motility,

viability, membrane permeability and hence, storability of sperm.

AULINENTNEINS
PRIAATUAMINYAE



CHAPTER IV

THE EFFECT OF FISH OIL, VITAMINS AND SELENIUM ON-TOP FEED
SUPPLEMENT ON LIPID COMPOSITION OF THE BOAR SPERMATOZOA AND
EXTEND SEMEN QUALITY

4.1 Abstract

DHA can improve sperm plasma membrane lipids which have an important role
in membrane fluidity and.sperm motili%. The=objective of the present study was to
determine the effect of fish gilpvitamins and selenium.on-top feed supplemented on boar
spermatozoa lipid compesitioprand semen quality. Twenty one boars were assigned to
this experiment. All boars were assigne;ld randomly to one of the three experimental

groups: 1) supplemented diet for 8:'-\/veeks"(n:7); 2) supplemented diet for 16 weeks

(n=7) and 3) no supplemented diet ((;ontr'g!) (n=7). Fish oil (40 ml), vitamin E (480 iu),
vitamin C (2,400 mg) and gelepium (0.3 mg‘) were given once a day by on-top feeding
assigned as presented in 3 grorup_é. The g’éf]le-n was collected from all boars (n=21)
using the glove-hand methodi orce a w'eé}:;gjﬂstarting from 7 week prior to the

supplementation and continues__for-a total oﬁ*é;&’gol_lections per boar. Semen evaluation

was performed usi_ng conventional methods. Semen was the_n centrifuged to separate
sperm from seminal élasma and both kept at -20°C until ag;ri/zed sperm pellet for lipid
content, FA profile by.gas chromatography and seminal.plasma for total antioxidant
status (TAS) and glutathionésperoxidase (GPX) using a commercial kit. Total sperm per
ejaculate in | Group, | _increased [from 6921+3.21x10° during: Control Period and
70.53+3.21x10° during Period | to 72.353.21x10° during Period i, also in Group Il
increased the total sperm! (P=0.04) from 69.65+2.87%10° during [ Gontral Period and
70.98+2.87x10° during Period | to 72.49+2.87x10° during Period Il. In Control Group, the
total sperm was 71.23x10° during Control Period, 70.24x10° during Period | and
70.45x10° during Period Il (S.E.M= 3.21, 2.87 comparing with Group | and Il
respectively). Semen volume on Group | increased (P=0.01) from 300.24+27.23 ml
during Control Period and 318.37+£27.23 ml during Period | to 400.21+27.23 ml during

Period Il and also in Group I, the volume increased (P=0.04) from 295.69+31.43 ml
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during Control Period and 309.54+31.43 ml during Period | to 348+31.43 ml during
Period II. In Control Group, the volume was 278.65 ml during Control Period, 288.36 ml
during Period | and 295.23x10° during Period Il (S.E.M= 27.23, 31.43 comparing with
Group | and Il respectively). Proportion of DHA and total n-3 in sperm composition were
increased Group | and Il comparing with Control (P<0.05). Glutathione peroxidase in
seminal plasma in Group | was increased (P=0.02) from 1.28+0.14 mmol/ml during
Control Period and 1.31£0.22 mmol/ml during*Pesiod | to 1.49+0.29 mmol/ml during
Period II, and Group |l wassinereased (P=0.009) from*4:82+0.31 mmol/ml during Control
Period and 1.34+£0.34 mmaol/m! during Reriod | to 1.55+0.24 mmol/ml during Period Il
(Table 14). In Control Group; glutathiobe peroxidase in seminal plasma was 1.18
mmol/ml during Control Period; 1.21:-mm<:)Al/ml during Period | and 1.22 mmol/ml during
Period Il (S.E.M= 0.2940.31 compar_ing WitTIT Qroup | and Il respectively). The duration of
gjaculation was increased on Grourp | (P<O‘.::QO?1) and Il (P<0.04) comparing with Control
Group. In conclusion, the number"of'total srs"e-d"r!m{ semen volume, Proportion of DHA, and

F

total n-3 in sperm composmon was xncreased duration of ejaculation was altered and
L

glutathione peroxidase in semmal plasma were improved, in the boars fed a diet

supplemented with combmahon of fish oil, V|tam|n and selen[um

4.2 Introduction

Mammalian sparmatozoa consist of a particularly Fwigh proportion of long chain
polyunsaturated fatty acids(PUFA)Wwithispecies:spegificvariability in fatty acid contents
(Wathes et al.52007). " Lipid composition of the plasma membrane of spermatozoa has
plays.an important.role.n.sperm membrane. fluidity'as well as sperm.motility and viability
(Ahluwalia and Helman, 1969;Millerietiall, 2004) and susceptibility“to lipid peroxidation
(Aitken, 1995; Stubbs and Smith, 1984). Several studies have been conducted to
evaluate the effect of dietary omega-3 (n-3) PUFA supplementation on semen
parameters and try to make the correlations among plasma membrane lipid
composition, fluidity and sperm quality (Cerolini et al., 2000; Kelso et al., 1997; Nissen
and Kreysel, 1983; Rooke et al., 2001). There were many studies with fow! (Blesbois et

al., 2004; Surai et al., 2000) and with boars (Estienne et al., 2008; Mitre et al., 2004;
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Rooke et al., 2001; Strzezek et al., 2004) which indicated benefits of n-3 fatty acids on
sperm quality.

Dietary lipid supplements have been used to improve sperm quality. In boars,
tuna oil improved progressive motility after 5 weeks of feeding (Rooke et al., 2001),
feeding shark oil increased velocity and motility of sperm (Mitre et al., 2004), and top-
dressing boar diet with n-3 fatty acids increased the number of sperm per ejaculation
after 7 weeks of supplementation (Estienne et.al., .2008). We hypothesize that relatively
poor sperm quality is assoeiated with an altered fatty-acid composition of sperm and
seminal plasma. However, oiherresearches in humans (Conquer et al., 2000), turkeys
(Zaniboni et al., 2006), rabbits (Gliozzi et"lal., 2009) and boars (Paulenz et al., 1995) did
not demonstrate any effectof a-3/PUEA SL:xPQIementation on semen quality. Due to these
conflicting results, likely related tQ_Ia‘rge Yarijation in type and quantity of dietary fats
especially for n-3 PUFAadditional Vres'earcf?z,herad to be conducted. Thus, the objective of
the present study was to detgrmine the eff'é_é!t of fish oil, vitamins and selenium on-top

;: '3

sl v A
feed supplemented on boar §permatozoa lipid composition and semen quality
#f i e g

-

4.3 Materials and Methods =~ - el

4.3.1 Animals

Twenty one boars (9 Duroc, 6 Yorkshire, 6 Landrace) were assigned to this
experiment. Allkbboars were.distributed, according,to age and.breed, to three groups of 7
animals each. Within leach'group, ‘the animals ‘were=assigned randomly to one of the
three experimental groups: 1) supplemented diet for 8 weeks (n=7);.2) supplemented
diet for| 16'weeks (n=7)'and 3):noysupplemented dist (control) (n=7)(figure 2). They are
housed individually in 2x3 m pens on semi-slatted floors and were given 2.5 kg of

gestation sow formula feed. Water was available ad libitum.

4.3.2 Diet supplementation
Fish oil (40 ml), vitamin E (480 iu), vitamin C (2,400 mg) and selenium (0.3 mg)

were given once a day by on-top feeding assigned as presented in 3 groups. Three
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samples of basal diet and supplemented diet (at start, mid and late of experimental
period) were analyzed for lipid composition profile by gas liquid chromatography (Table
7).

Table 7 Lipid and fatty acid profiles of basal diet and supplemented diet

Supplemented diet

Total lipid, g/kg dry matter - ’ 196.83+2.54
Cholesterol, % — 431@4-4_ 17.45+1.34
e —
Cholesterol ester, % / ~ 1.05+0:45 " . 1.23:0.87

Phospholipids, % \ 63.58
Phospholipid fatty acids ( I///g l\\\

Saturated éi 83474281 135.2843.25
Monounsaturated s g 8 \ 8.86+1.43
18:1(n-9) - _' 9.63+2.45
18:3(n-3) adl iy 440 1.3042.25
20:4(n-6) & N 2.08+0.34
20:5(n-3) EPA : = 2.79+1.65
22:5(n-6) DPA ) 6.62+3.5
226(19)DHA Lo E e Lo 15152

)

4.3.3 Semen collectiomnd evaluatio m

Semen collection'was performed forgach boar. The semen was collected from

ot s =] S DI IHT P BT o 7 vk o

the supplemerﬂahon and Contlnuesg)r a total of 23 collections per boar. Semen was

e“'ﬂ“ﬁﬂ’ﬂa@ﬁﬁﬁﬁmﬂﬁ VIO B

4.3.4 Sperm lipid extraction and analysis

Every week, total lipids from sperm of all boars were extracted from 3x10° sperm

and analyzed for lipids and fatty acid profiles as description in chapter Il.
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4.3.5 Lipid peroxide assay
Sperm pellets were thawed in a 37°C water bath for 5 min. Lipids were extracted
and analyzed lipid peroxide as description in chapter Il. This assay was processed on

semen which were collected in week -7, 0, 7 and 15 respectively.

An aliquot of 10 ml of . ‘f%| al plasma was analyzed for total
&vtio@n Cﬁ}his assay was processed on

4.3.6 Total antioxidants in seminal

antioxidant status (TAS)

semen which were coll tively.

Two meastl ts were : etween entrance in the

t of ejaculation, and T2, the duratm of ejaculation (Audet et al.,

WA mw%’wmm

4.3.9 Statlstlca%nalyms

PR TR SRV | S

compasition were reported as pg/10 spermatozoa. The ratios of n-6/n-3 FA and the
SFA, MUFA and PUFA were calculated. The lipid peroxide was reported as mmol lipid
peroxides/10g spermatozoa. Total antioxidants in seminal plasma were reported as
mmol/l. Glutathione peroxidase in seminal plasma were reported as mmol/l. Data

between groups were analyzed by repeated measurements ANOVA. The model
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included group, boar within group, week, and groupxweek as possible source of
variation.

For subsequent analysis, means for semen volume, total sperm, behaviour
characteristic, lipid peroxide, total antioxidants, and glutathione peroxidase in each boar
were calculated for Control Period (7-week prior to study), Period 1 (Weeks 0-7) and
Period 2 (Weeks 8-15). Data were analysed as above, using a model included group,
boar within group, period, and groupxperiodas‘possible sources of variation. Individual
means were compared using the PDIFF option of Gl procedure of SAS.

Correlations betweensn-3-PUFA insperm composition (DHA and total n-3) and
semen volume, total spermyandithe durati-'i)n of ejaculation were determined by using the
Pearson correlation coeffigient'in case of‘n(;)rmal distribution and by Spearman's rank
correlation coefficientin case of no_rj—nbrmqfdietribution.

o \
. J

dad

4.4 Results 7 =4

There was no S|gn|ﬂcant dlfference 01’ aII semen parameter and lipid profiles,
which affected by groups and week of collecimﬂ among Control, Group | and Group |l
(Table 8,9,10; P>0. 1) Semen volume and total sperm have a tendency for an effect of
groupxweek; compaﬂrTg_Uetween_CUerI_anU_GrUU‘rf | (Table 8; 0.1>P>0.05),
comparing between Control and Group Il (Table 9; O.1>P>0.05). We found some effect
of groupxweek on DHX and total n-3 in sperm compositier’;from Group | (table 11) and

[l (Table 12).comparing ‘with. Control! (P<6.05). | Qther semen=parameters were not

affected by greupxweek (P>0.05).

Table 8 Semen ‘characteristics of'boarsfed ‘a controldiet or‘a-diet'supplementation for 7

weeks and collected semen weekly for 23 weeks

Characteristics Control 7-week S.E.M. P-values

of supplement group week groupxweek
Volume (ml) 290.14 341.60 2587 0.85 0.06 0.05
Sperm (x10°%) 70.84 71.69 4.84 0.26  0.21 0.05

Sperm motility, % 84.53 84.66 3.21 0.15 0.15 0.38
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Sperm viability, % 89.10 89.55 4.25 0.21 0.21 0.45
Normal morphology, % 94.58 95.28 2.35 0.18  0.41 0.21
Normal plasma membrane, %  88.34 87.83 3.26 0.30 0.32 0.17

Table 9 Semen characteristics of boars fed a control diet or a diet supplementation for

14 weeks and collected semen wi

Parameter 14-we . P-values

of supplemen : group week groupxweek
Volume (ml) AN > 084 0.6 0.05
Sperm (x10%) : . . 012 0.4 0.06
Sperm motility, % _ 0.32 0.32
Sperm viability, % 0.54 0.19
Normal morphology, % 1.8 M. I : 6.45 0.12 0.42

Normal plasma membrane, % & 88.34 ... y 0.41 0.33 0.14

i il
Table 10 Semen characteristic ‘f 3 supplementation for 7 weeks or a

diet supplementation for 14 we and . e ne Weel‘ﬂ'_}/ for 23 weeks
Parameter 4 - P-values
g group week groupxweek
B supplemer upplement m
Volume (ml) g F-. 341.60 326.27 1956  0.21 0.32 0.21
Sperm (x10) ﬂuEJ’J 'ﬂﬂﬂ‘jw Ej‘qaﬂﬁ 012 054
Sperm motility, /q 84. 66 84.74 5.21 0.24 045 0.25

z:fmﬁmnﬁu WA TNy o

Normal plasma membrane, % 87.83 88.15 4.12 0.18  0.41 0.12
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Table 11 Lipid and fatty acid profiles of spermatozoa from boars fed a control diet or a

diet supplementation for 7 weeks and collected semen weekly for 23 weeks

Control 7-week S.E.M. P-values
of supplement group week groupxweek
Total lipids, ug /10° sperm  153.07 154.73 9.56 0.21 0.12 0.21

Cholesterol, % 33.10 0.63 0.23 0.89

Cholesterol ester, % 1.24 0.25 0.63

Phospholipids, % 0.14 0.31

Phospholipid fatty acids (%

Saturated 0.23 0.25
Monounsaturated 0.29 0.65
18:2(n-6) 0.36 0.36
20:2(n-6) 0.32 0.21
20:3(n-6) 0.12 0.27
20:3(n-9) 0.89 0.12
20:4(n-6) 0.14 0.09
20:5(n-3) EPA 0.76 0.55
22:4(n-6) 035 0.12
22:5(n-6) DPA f: 0.09 0.09
22:6(n-3) DHA m 14. 0.81 0.04
Total (n-6) 138.26 37.64 269 0.07r 025 0.08
Total (n-3) ‘ﬁ U 0 0.04
Total (n-6):(r@) u EJ 2 12w ELﬁ 5 ﬁ ’31?] ﬁ: 0.07
DPA:DHA 0.87 ¢£0.83 014 0714 0364, 009

CARIANNIUANTINEINE

Table 12 Lipid and fatty acid profiles of spermatozoa from boars fed a control diet or a

diet supplementation for 14 weeks and collected semen weekly for 23 weeks

Control 14-week S.E.M. P-values
of supplement group week groupxweek
Total lipids, ug /10° sperm ~ 153.07 153.44 1033 085 0.21 0.21

Cholesterol, % 33.10 33.08 1.84 056 0.23 0.25



46

Cholesterol ester, % 1.24 1.23 0.12 0.23 0.45 0.12
Phospholipids, % 62.57 63.58 2.31 0.21 0.65 0.09

Phospholipid fatty acids (%)

Saturated 25.97 25.48 2.34 029 0.14 0.09

Monounsaturated 11.92 . . 0.09 0.84

18:2(n-6) 0.25 0.25

20:2(n-6) 0.21 0.32

20:3(n-6) 0.12 0.22

20:3(n-9) 0.1 0.32

20:4(n-6) 0.67 0.28

20:5(n-3) EPA 0.23 0.15

22:4(n-6) 0.25 0.28

22:5(n-6) DPA 0.45 0.07

22:6(n-3) DHA 0.25 0.03

Total (n-6) 0.44 0.08

Total (n-3) 0.08 0.04

Total (n-6):(n-3) 0.25 0.08

DPA:DHA 0.15 0.09
Table 13 Lipid and-fa u[!-;- from boars fed a diet
supplementation for 7 weeks or a diet supplementationfor 14 weeks and collected
semen weekly.for o g I Ilatal s

-week 14=we CJSEIIII d P-values
Y of supplement”  of supplement, group Gweek groupxweek

Total Tisasl L L8344 ] 3 0o 0.12

Chol&terol, % 33.08 33.08 1.58 0.12 051 0.36

Cholesterol ester, % 1.22 1.23 0.14 0.36  0.23 0.25

Phospholipids, % 65.51 63.58 2.56 0.25 0.65 0.89
Phospholipid fatty acids (%)

Saturated 25.26 25.48 1.35 0.23 0.25 0.36

Monounsaturated 12.11 11.06 2.36 0.08 0.13 0.56
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18:2(n-6) 9.19 9.30 1.58 0.21 0.12 0.26
20:2(n-6) 1.32 0.81 0.31 0.22 0.34 0.13
20:3(n-6) 0.88 0.84 0.23 0.34 0.2 0.31
20:3(n-9) 5.05 3.61 212 0.15 0.1 0.45
20:4(n-6) 7.20 7.08 2.65 0.65 0.36 0.32
20:5(n-3) EPA 0.1 0.35 0.23
22:4(n-6) 0.21 0.23 0.25
22:5(n-6) DPA 0.09 0.27 0.54
22:6(n-3) DHA 0.21 0.76 0.15
Total (n-6) 0.65 0.18 0.36
Total (n-3) 0.45 0.25 0.25
Total (n-6):(n-3) 0.25 0.36 0.14
DPA:DHA 0.32 0.32 0.56
Subsequent analysi } II >ct of groupxperiod for total sperm;

Group | increased the tota 3.21x10° during Control Period

and 70.53%3.21x10° during x10° during Period I, Group II

increased the total sperm ( 542.87x10° during Control Period and

70.98+2.87x10° during Period | to 72.49+2.87x10" dl uring Pefiod 1. In Control Group, the
- l\‘

total sperm was 742 ).24%10° during Period | and

70.45x10° during Pod I (S.E.M= 3.21, 2.87 Coinng with Group | and |

respectively). For seméh Amelume, groupxpeériod affected on Group | increased the

volume (P= oﬂ ura a ma nj wcﬂ ’}m jnd 318.3727.23 ml

during Penod?to 400.21£27.23 mlduring Penoﬂl Group I |nc sed the volume
@ TP T AN VM R B o oo
Period | to 348+31.43 m during Period II. In Control Group, semen volume was 278.65
ml during Control Period, 288.36 ml during Period | and 295.23 ml during Period Il

(S.E.M=27.23, 31.43 comparing with Group | and Il respectively).
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Table 14 Sperm lipid peroxidation, total antioxidant status and glutathione peroxidase in
seminal plasma from boars fed a control diet or fed a diet supplementation for 7 weeks

and collected semen in week -7, 0, 7 and 15 for 4 weeks

Parameter Control 7-week S.EM. P-values

of supplement group Period”  Periodxweek

Lipid peroxide, 8.41 . AN . 0.21 0.36 0.54

mmol /10’ sperm

TAS, mmol/L 1.43 0.06

GPX, mmol /ml 1.22 0.02

°Control Period= week- 15

Table 15 Sperm lipid pegoxidati otataf idant statu nd glutathione peroxidase in
seminal plasma from boap 5 ' ) od ¢ supplementation for 14 weeks

and collected semen ir

Parameter Control . P-values

oup Period® Periodxweek

Lipid peroxide, 0.23 0.14
mmol /10° sperm [

. ; i
TAS, mmol/L 143 163 .36 0.05
GPX, mmol /ml 1.2 3 0.1 0.009

1

°Control Period= week- 7 Per|od I=week 0,7, Perlod [I= week 15

ﬂ'lJEJ’J‘VIEWl‘iWEJ’lﬂi
Q‘imENﬂ‘iﬂJ UA1AINYAY
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Table 16 Sperm lipid peroxidation, total antioxidant status and glutathione peroxidase in
seminal plasma from boars fed a diet supplementation for 7 weeks or fed a diet

supplementation for 14 weeks and collected semen in week -7, 0, 7 and 15 for 4 weeks

Parameter 7-week 14-week S.E.M. P-values
of supplement  of supplement group Period”  Periodxweek
Lipid peroxide, 8.97 N, 5‘,,/ 0.32 0.25 0.23
mmol /10° sperm \.% ! //
TAS, mmol/L . \ . . 0.18 0.35
== g -
GPX, . . . 1 0.65 0.36
mmol /ml . \N: "
“Control Period= week- ' k-a :—"wﬁ
There were or groupxPeriod on Sperm

lipid peroxidation and mong Control Group, Period |

and Period Il (Table 14, nd the effect of groupxPeriod
increased glutathione peroxidase
in seminal plasma (P=0. 02) Jf‘ ﬁj .,r'i_,f‘ﬂ: during Control Period and

1.31+0.29 mmol/ ,ang Period | to 1 4910‘ﬁ

Group Il increased athione peroxi

ing Period Il (Table 14),

P=0.009) from 1.32+0.31
mmol/ml during Cona Period an mmol/mlﬂﬂing Period | to 1.55+0.31
mmol/ml during Period [1(Table 15). In Contral.Group, glutathione peroxidase in seminal

ﬁmﬂ DS N EIATN S oot 1

mmol/ml durln eriod Il (S.E.M= 0. 29,0.31 compa&g with Group | @ Il respectively).

AWIANNIUNNTINE T E

Table 17 Sexual behavior characteristic of boar fed a control diet or a diet

supplementation for 7 weeks and collected weekly for 23 weeks

Parameter Control 7-week S.E.M. P-values
of group  Period”  Periodxweek
supplement
T1, sec 360.19 364.47 19.52 0.24 0.87 0.35

T2, sec 374.82 439.01 50.23 0.21 0.06 0.001
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°Control Period= 7 weeks prior to study, Period |= week 0-7, Period II= week 8-15
°T1=the time between entrance in the collection area and onset of ejaculation

“T2=the duration of ejaculation

Table 18 Sexual behavior characteristic of boar fed a control diet or a diet

supplementation for 14 weeks an

Parameter Co P-values

‘—¢

- v pple m,___

‘s group Period®  Periodxweek

T1, sec 3 5 ).8 0.25 0.36
T2, sec 3 0.21 0.04

°Control Period= 7 weeks'priof to study; Period -‘*\ Period II= week 8-15
°T1=the time between ent@nce in t d‘bﬂ t‘ - onset of ejaculation

"'v.

J‘l. - S
R
pJat s

.u’f—-‘. s

Table 19 Sexual behavior ¢ ar of boar fed a diet supplementation for 7 weeks

or a diet supplementation for M@a&; s

“T2=the duration of ejatulation

sted weekly for 23 weeks

)

Parameter P-values
Period®  Periodxweek
T1, sec 64.47 358.29 22.13 0.54 0.22 0.14
¢ - s

0.15

T2, sec ﬁ q

“Control Peno@ weeks prior to study, Period I= week 0-7, Period lI= week 8-15

ARSI T e

There was no effect of group, groupxPeriod at any period (Table 17,18,19; P >
0.05) on the time between entrance in the collection area and onset of ejaculation.
However, the duration of ejaculation was affected by groupxPeriod on Group | (Table

17; P=0.001) and Il (Table 18; P=0.04) comparing with Control Group. There was no
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effect from groupxPeriod on the duration of ejaculation comparing between Group | and

Table 20 Correlations between n-3 PUFA in sperm composition, and semen volume,

total sperm and the duration of ejaculation

al sperm T2

r P
DHA 0.76 0.09
Total (n-3) 0.72 0.1
Significant positi Yolgr: " 7 etween n-3 PUFA in sperm
composition (DHA and totz ar 7 me tal sperm (Table 20). There

was no correlation betwee

duration of ejaculation

4.5 Discussion

Boar sper a contain FA (Poulos et al., 1973),

which play an impoﬂgt role in sper (Wathes@ al., 2007). Several studies
have investigated the effeet, of dietary n-3 RWFA on boar reproductive performance.

s o b Y Hab4A B rr o o o

(Estienne et al 2008; Strzezek et aI‘2004 ) and qu lity (Mitre et al. &904 Rooke et al.,
o TR TR GG o o
fatty acid supplementation. The same relationship applies also with the fatty acid profile
of the semen (Wathes et al., 2007). For fish oil supplementation, total n-3 PUFA and n-
3/n-6 ratio are enhanced in sperm composition of human, pigs, poultry (Conquer et al.,
2000; Rooke et al., 2001). In this present study, proportions of DHA and n-3 PUFA were
significantly increased in both supplement groups after feeding by fish oil

supplementation and agreed with previous reports by Maldjian et al. (2005) and
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Strezezek et al. (2004), the fatty acid composition of boar sperm indicates an effective
transfer between diet and sperm cells. Additionally, fish oils on-top diet may promote n-3
biosynthesis, thereby decreasing the n-6/n-3 ratio as observed in this present study.
Furthermore, the proportions of DHA (C22:6n-3) and DPA (C22:5 n-6) in sperm are
inversely related such that an increase in the proportion of DHA in sperm phospholipids
is balanced by a decrease of DPA on fatty acids profile in sperm (Rooke et al., 2001).

Semen production from this presentsstudy was influenced by intersection
between group and Period;agreed with' more recent studies in (Estienne et al., 2008;
Maldjian et al., 2005; Strzezek eiral,, 2004), stallions (Harris et al., 2005) and chicken
(Surai et al., 2000) reported apositive eﬁ‘ect of a n-3 PUFA diet on sperm production.
Any reports have observed positive _,effeo.ts on sperm motility and morphology (Mitre et
al., 2004; Rooke etsal., 2001) HGwev'ér some report observed no benefits in
reproductive performange (Maldjlan etal, 5905 Paulenz et al., 1995).

The effect of n-3 PUFA" sprlementaﬂon was confounded with antioxidant
supplementation and it is unclear Wthh oz‘; that dietary component contributes to the

23704
improvement of boar performance as compared to the control treatment. Furthermore,

evidence of the |mpact of ant|OX|dants on sperm productnon in a variety of livestock was

indeed reported (Audet et al., 2004; Castellini et al., 2007,-Cerolln| et al., 2000; Marin-
Guzman et al., 1997) An improvement of sperm V|ab|l|ty was reported after
supplementation with fish oil and antioxidants (I\/Ialdpan et al.,, 2005). It was also
demonstratedathat la diet 'supplemented with/ivitamin |E* enhanced sperm quality
(Brezezinska-Slébodzinska et al., 1995). Therefore, as for semen production, it is
unclear whichreomponentimproves sperm guality.

Some association was made between the high content of brain"h-3 PUFA and
the possible role of n-3 in the regulation of the libido (Bourre, 2005). A study in pigs
indicated that the duration of ejaculation was increased by 300 g/d of a dietary
supplement (Estienne et al., 2008). The type of n-3 fatty acids and their impact on male

sexual behavior characteristics remains to be investigated as present in this study.
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In summary, the number of total sperm, semen volume, proportion of DHA, and
total n-3 in sperm composition was increased, duration of ejaculation was altered and
glutathione peroxidase in seminal plasma were improved, in the boars fed a diet

supplemented with combination of fish oil, vitamin and selenium.

AULINENTNEINS
PRIAATUAMINYAE



CHAPTER V

GENERAL DISCUSSION AND CONCLUSIONS

Lipids play an important role in cell membrane fluidity and flexibility. The sperm
plasma membrane has been demonstrated to contain a high content of 20 (C20) and 22
(C22) carbon atoms of polyunsaturated: faty” acids (PUFAs). Phospholipids of
mammalian sperm cell membranes chagacteristically contain very high proportions of
long-chain (C22) polyunsaturated fatty acids, particularly n-3 series. In most mammals,
docosahexaenoic acid (DHA, .22:6n-3) '-1is the dominant polyunsaturated fatty acid,
although, in several specigs docosepentaenoic acid (DPA, 22:5n-6) is also a major
component of the sperm cell mem-bLanejs.rl(AIvarez and Storey, 1992; Cerolini et al.,
2000; Mazur et al., 2000; OFIaherty etJal 1997; Park and Graham, 1992). The
importance of C22 polyunsaturates: in relatic;)n ‘to male fertility has been illustrated by
studies in humans demonstratmg Ihat the amgunt of DHA in spermatozoa is positively
correlated with sperm motility (Conquer et aL,_1_9é9 Nissen and Kreysel, 1983; Zalata et
al.,, 1998). Moreover, PUFAs “Which-are Conteh’freted in the head and tail membrane
regions of sperma{ozga_hasze_beaq_shgwn_to_play_an_umortant role in both sperm
capacitation and the mteractlon between spermatozoa and uterme surface environment
(Conquer et al., 1999; Zalata et al., 1998). However, the Sp’jerm plasma membranes are
susceptible toslipid peroxidation heecauserofithehighreantent.of RUFA (Miller et al., 1993;
O'Flaherty et al., 1997;"Sprecher, 1989).

In order to investigate the fatty acid compesition of boar“semen and study
effects of feed Supplementations en Semen| quality in jour!expefiment, semen was
collected from the boars having normal motility (>60) and low motility (<60%) to
compare lipid composition in the semen as first study, which were used as basic
information in boars. Second study, the differences of lipids, lipid peroxide and total
antioxidants status in semen after cool storage were investigated the alteration of lipids

and antioxidants in semen during cooling period. Third study, fish oil, vitamins and
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selenium were supplemented on boar feed to affect the boar sperm lipid composition
and semen quality.
5.1 Correlation between lipid profiles of semen an the boar semen quality

The present results clearly indicated an association between the conventional
measures of sperm quality we employed and lipid composition of the washed sperm
and their seminal plasma. Lipid content ofisperm plasma membranes are correlated
with sperm motility, viability and a functional plasma.membrane (Ahluwalia and Holman,
1969; Aksoy et al., 2006;-Conquer et al., 2000; -Parks-and Lynch, 1992; Rooke et al.,
2001; Zalata et al., 1998), whieh is'consistent with the positive correlation of sperm total
lipid content with sperm motility, viability"land normal plasma membrane noted in this
study. Cholesterol is“an imporiant Cgmpdnept of the lipid fraction in the sperm plasma
membrane, playing aa'important rolesin qll'bmoting sperm membrane permeability and
fluidity in bulls (Beer-Ljubic jet aI.,'-.27009; I%’:_/I_‘o‘rraes et al., 2009), stallions (Glazar et al.,
2009; Oliveira et al., 2009) and tams (Moc_’:‘_'_e"!e’tial., 2009). Fluidity and permeability of

i - .}__
sperm plasma membranes gontributes o tﬁé‘_maintenance of their motility and viability

(Beer-Ljubic et al., 2009; Glaza:r".éf él., 2009,%&1?6;(::% et al., 2009), which is consistent with
our results showingsthe low r'ﬁbjfiii'ti/' sperm téh?i&é a lewerscholesterol content. It has
been reported thafié:ml@se—up—to—mlésterol from their plasma
membranes after or;/o'preservation (Cerolini et al., 2001).:'7,It is known that a loss of
cholesterol from the pTésma membrane is one of the first events in capacitation which
decreases thg.stability of the,membrane (Tulsiani et al., 1997). \Farther, when boars were
fed a diet supplemented with tuna oll, the cholesterol content of sperm was increased as
was spermsmeotilitys, viability, .and=normal; acrosemes (Reoke et=al..~2001). In contrast,
some study'found’no differences’in“sperm motility ‘after fed=the boars (Estienne et al.,
2008). The increment of antioxidants requirement after adding fat to the diet must be
considered (Beck et al., 1994). Interestingly, with human sperm there was a negative
correlation of cholesterol content with sperm motility, viability, permeability and normal
morphology (Zalata et al., 2009). In the present study, phospholipids, PUFA and the n-3

PUFA including DHA correlate positively with sperm motility, viability, normal
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morphology and normal plasma membrane. DHA and other n-3 PUFA are important for
sperm development, motility and viability (Kelso et al., 1997; Safarinejad et al., 2010).
DHA was decreased in sperm membrane phospholipids of asthenospermic men (Aksoy
et al., 2006; Zalata et al., 1998) and this was related to oxidative damage (Combhaire et
al., 2000). However, n-6 PUFA is the main PUFA of sperm plasma membranes of sperm
(Rooke et al., 2001; Moraes et al., 2009; Douard et al., 2000; Aksoy et al., 2006; Zalata et
al., 1998). The increasing of PUFA contentinsSperm plasma membranes make them
vulnerable to ROS-inducedlipid peroxidation (Aitkenvet al., 1989; Aitken et al., 1993a;
Aitken et al., 1993b; Alvarezrand Storay, 1995; Awda et al., 2009). However, extra-
cellular antioxidants in seminal’ plasma 'tl;an protect sperm from lipid peroxidation by
and, consistent with this, a low anti_oxidazrlta,capacity has been associated with human
male infertility (de Lamirande and G_ag‘non,,‘lﬂ 992a; Fraga etal., 1991; Khosrowbeygi and
Zarghami, 2007; Lewis et al 4 19975 Murawébi et al., 2007). Previous reports showed that
high level of antioxidants presented in bpar “Seminal plasma are derived from low
molecular weight fractions (Strzezek 2002; étrze};‘ek et al., 1999). Thus, a deficiency of
these fractions can affect the overall protecf_;of sperm from oxidative damage, which

can have a negatlve effect on sperm motlllty and fertlllzatlon (Strzezek et al., 2004). The

present data confo[rr),, to this in that we note a lower total e_rn_Uomdant status in seminal

plasma derived from the low motility boars.

5.2 The changes 'of the level ofl lipids, lipidperoxide and antioxidants in semen after cool
storage

This study was reported from cooling semen-6f boars which was divided into two
groups, by ‘spermi 'matility |after iceol (storage at 18°C for._24h. The lincreased LPO
demonstrated in the present study agrees with previous reports where increased LPO
was documented after storage of liquid boar semen (Kumaresan et al., 2009) and
frozen-thawed boar sperm (Roca et al., 2004). Reduced sperm motility, membrane
permeability and vitality after storage of sperm were performed after 24 h in BTS. The
amount of LPO was increased after 24-h storage with the increase being much larger for

the low motility group. One factor influencing sperm motility and viability is the
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production of ROS (Cummins et al., 1994) which are known to induce lipid peroxidation
of sperm membranes, inhibit sperm metabolism, deplete ATP, and cause leakage of
intracellular enzymes (Brezezinska-Slebodzinska et al., 1995; Cerolini et al., 2000;
Chatterjee and Gagnon, 2001). ROS are a normal byproduct of cellular metabolism but
become injurious when produced in excess. In particular, an aromatic amino acid
oxidase enzyme system activated following sperm death has been identified as a major
source of ROS production in.semen (Upreti‘eial.;»1998), which is consistent with the
higher sperm mortality ana+:PO contentwith storagerin'the present study, especially in
the low motility group. The iaereasing ROS was produced via the aromatic amino acid
oxidase enzyme system and_.so aoceniyated the LPO effect, reducing motility and
membrane permeability resulting /in fur’@e,r sperm mortality. This would be further
accentuated by a lower antioxidarn_t Capa‘,lditx_of seminal plasma from the low motility
group. (Aitken et al., 1989; Alvarezran'd Stdfr‘ey, 1992; Audet et al., 2009; Chatterjee and
Gagnon, 2001; de Lamirande and G‘égnon,_-'j;g;gz-a; Kumaresan et al., 2009).

ald v oll ok
DHA in sperm membrane phospholipids of asthenospermic men was
él a _.- .-ljJ

il

decreased (Aksoy et al., 2006; Zalata et a1?1E998) and this was related to oxidative

damage (Comhaire-et al, 2000). In the present study, the.n-3PUFA including DHA have

positive results on'-_rsé:'erm motility, viability. However, n-6 PUFA are the main PUFA of
sperm plasma membranes (Rooke et al., 2001; Moraes et ail., 2009; Douard et al., 2000;
Aksoy et al., 2006; Zailrata et al., 1998), but n-6 PUFA do’not have positive effects on
sperm quality.as shawn in‘the current study and those of previotsyworkers (Aksoy et al.,
2006; Cerolini ‘et al., 2000; Conquer et al., 1999; Douard et al., 2000; Rooke et al., 2001;
Wathes etial.y2007; Zalata, etrals1998).ltiisy knowny thatjarloss~of ,cholesterol from the
plasma membrane is one of the first'events in capacitation which decreases the stability
of the membrane (Tulsiani et al., 1997). Cholesterol is an important component of the
lipid fraction in the sperm plasma membrane, playing an important role in promoting
sperm membrane permeability and fluidity to contribute the maintenance of their motility

and viability in sperm (Beer-Ljubic et al., 2009; Moraes et al., 2009; Glazar et al., 2009;
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Oliveira et al., 2009; Moce et al., 2009) which is consistent with our results showing the

low motility sperm to have a lower cholesterol content.

5.3 Effect of fish oil, vitamins and selenium on-top feed supplemented on lipid
composition of the boar spermatozoa and extend semen quality

PUFA (n-3) are predominant PUFA in boar spermatozoa (Poulos et al., 1973),
which play an important role in sperm funciion®which was contributed by improving
sperm membrane fluidity and. flexibility (Wathes et .al.,.2007). In mammal species, fatty
acid profiles in blood plasma.andssemen reflect the fatty acid supplementation. There
are the studies of theeffecivof dietary n—(f PUFA on boar sperm production, which has
reported beneficial effects of n-3 PUFA st,lpplementation on total sperm (Estienne et al.,
2008; Strzezek et al., 2004) and quahty (I\/Il-t=re et al., 2004; Rooke et al., 2001). The same
relationship applies alsoswithithe fatty aadéproﬁle of the semen (Wathes et al., 2007). |
this present study, proportions of DHA and h‘8 PUFA were significantly increased in
both supplement groups after feedrﬁg by flSIH 0l| supplementatlon agreed with previous
reports by Maldjian et al. (2005’) and Strezezat@et al. (2004), the fatty acid composition
of boar sperm indicates an effectlve transfer betWeen diet and sperm cells. Additionally,
fish oils on-top diet p{emeted—n—%—bmsyﬁtheﬁs,—thefeby—decrelasmg the n-6/n-3 ratio as
observed in this -Fa‘tasent study. Semen production frd;- this present study was
influenced by intersecti-on between group and Period, agreed with more recent studies
n (Estienne etal12008; Maldjian et alf) 2005 Stizezek €t al:;12004), stallions (Harris et
al., 2005) andgchicken (Surai et al., 2000) reported a positive effect of a n-3 PUFA diet
on sperm. production. Furthermore, the.proportions of DHA (C22:6n-3) and DPA (C22:5
n-6) inisperm arelinversely related such’ that an increase lin'the proportion of DHA in
sperm phospholipids is balanced by a decrease of DPA on fatty acids profile in sperm
(Rooke et al., 2001). Any reports have observed positive effects on sperm motility and
morphology (Mitre et al., 2004; Rooke et al., 2001). However, some report observed no
benefits in reproductive performance (Maldjian et al., 2005; Paulenz et al., 1995).

The evidence of the impact of antioxidants on sperm production in a variety of

livestock was indeed reported (Audet et al., 2004; Castellini et al., 2007; Cerolini et al.,
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2000; Marin-Guzman et al., 1997). However, the effect of n-3 PUFA supplementation
confounded with antioxidant supplementation is unclear which of that dietary component
contributes to the improvement of boar performance as compared to the control
treatment. Not only the study which presented the improvement of sperm viability after
supplementation with fish oil and antioxidants (Maldjian et al., 2005) but also the study
which demonstrated a diet supplemented with vitamin E enhanced sperm quality
(Brezezinska-Slebodzinska et al., 1995). Therefore, as for semen production, it is
unclear which componentimproves sperm quality:

Some association was'made between the high content of brain n-3 PUFA and
the possible role of n-3 infthe regulation‘l of the libide (Bourre, 2005). A study in pigs
indicated that the duratiop’of ejacul;ation::l/vas increased by the n-3 PUFA supplement
(Estienne et al., 2008)y'which these _as?;ocial”[iojrj remains to Pe investigated as present in

)

i

this study.

J ' ¥
. ild vl
Conclusion -

After comparison betvve-.é-n n-ormal and::}-c;_"\;\fmotility of fresh boar sperm, we found
that the differencessof sperrﬁ_ﬁﬁbti-fity were.‘;égé'ééTated with-the n-3 PUFA content in
sperm plasma memb‘ran@s_wﬁrch—ptay—an—rmmrtantTGIEm fluidity and flexibility to
improve sperm motiI‘ity; viability. In semen, the balance bet;/\;een ROS and extra-cellular
antioxidants in seminél;plasma maintain the stability of cel] membrane and also protect
sperm plasma, membrane/from [LPO during-oxidative stress: The, LPO level, total lipid,
proportion of gholesterol in sperm plasma membranes and TAS have an involvement in
redugtionsgin smotility, viabilityz=membrane permeabilitysandshenee, .storabijlity of sperm.
The LPO ‘significantly increased ‘after storage for 24 h'can=reduce sperm motility and
fluidity resulting in further sperm mortality. Cholesterol in sperm plasma membrane
promotes plasma membrane fluidity and flexibility to contribute sperm motility and
viability, which is consistent with our results showing in the sperm having low motility to

have low cholesterol content. It is possible that in the event of lower sperm motility and

fertility, supplementing semen with antioxidants or adding a source of n-3 PUFA to the
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boar diet may alleviate these problems. In the boars fed a diet supplemented with
combination of fish oil, vitamin and selenium, the number of total sperm, semen volume,
and proportion of DHA, total n-3 in sperm composition and glutathione peroxidase in
seminal plasma were increased. Moreover, the duration of ejaculation was longer

resulting in improving semen volume.

AULINENTNEINS
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