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nsneaesiiiinqusrasditemanuiduduiivenameanui@aiiu (Pen Advadilugas
asaraneiensindedenmnmueniidoanndminidenns Tasvhmsianaindimnsifiwesenag
Feusznoume msadeudiludneme (progressive motility) LLasgﬂLLUUﬂﬁiLﬂﬁauﬁmaﬂﬁaaq% (kinetic
parameter MNULUUYDY deAnsawLlElan) nI1N13senTIn (viability) ANNENYIHVDtRElATIAY
(acrosome integrity) AUUNATBINANANLLUTY (HOST) Snnisilluansinueysadassvenuiiganiiu
1num3997A SOD activity, Glutathione peroxidase activity LaN15LAA lipid peroxidation (3 MDA) lagly
ELisA kit Tngvhnsasaadeluudl o waetudl 1, 3, 5, 7 dndeasiidouandulilugiduiiniuey
gunniiliil 18 esmuwaifua Tnefingunaassionmn 8 nauUszneude nquasaraneiifunely
Ussinalnesiuiu 3 naulasdufunuvesansaraisssosdu oin TS, svognanswia Merck I uag
S28%812%00 Androstar® Plus agnguansazaefiiideAnTusn 5 ngufio BTS+PEN 0.125 mM, BTS+PEN
0.25 mM, BTS+PEN 0.5 mM, BTS+PEN 1.0 mM ag BTS+PEN 2.0 mM Taegidevinnisifiuindeanutan
vhsuansmaensiludminsyilasmnnihiuforiuivmn 10 Fuasihuvhmmeaedy
ﬁawﬁﬁ’amﬁﬁwﬁa NNANITNARDINUI milﬁmmﬂmﬁ%mﬁumiﬂiuqmmiazmsJL%ammf%%ja
fUBnas 0.125 83 0.50 mM anansavilviamnmesinde gnsfinunmifieuisstumsazaneidonns
syozem (eglsunds 7 5u) Mvglusemealngld Gefidoarlsthlunaassuauiieslurhiugnsudn
wuiwansuasiienliisanansazsareiifinneluviowatn  dmiunanisnsaianinduasiuey
Yadaserotnuilfaiulaunsiadn SOD activity, Glutathione peroxidase activity WagnIsLAA lipid
peroxidation (5 MDA) Taeld ELIsA kit wuiseduinnuuandsfulutusgfuaududues pen ld



Keywords : 4n3 (Pig) an3azangiiaanaiiie (semen extender) ansinuauyadasy (antioxidant) n1sWasiies

(artificial insemination)
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Abstract

Project Code : RSA5780049

Project Title : Development of fresh boar semen extender by supplementation of penicillamine:

from a laboratory to pig industry

Investigator : Assoc. Prof. Dr. Kampon Kaeoket, Department of Clinical Sciences and Public

Health, Faculty of Veterinary Science, Mahidol University
E-mail Address : vskkk@mahidol.ac.th
Project Period : 16 June 2014 until 15 June 2016

The aim of this study was to investigate the optimal concentration of Penicillamine (PEN) for
supplementation in boar semen extender. The measuring parameters were as follows:
progressive motility, viability, acrosome integrity and plasma membrane integrity (HOST). In
addition, the antioxidant capacity of extender was also evaluated by SOD activity, Glutathione

peroxidase activity and lipid peroxidation (MDA) by using ELISA kit on days 0 and days 1, 3, 5,

7 after storage at 18 0C. The experimental groups consisted of 8 groups: commercially available
extenders as a control groups (i.e., BTS-as a short term extender, Merck 1ll- as a medium term
extender and Androstar® Plus- as a long term extender) and a group of varying concentrations of
PEN (i.e., BTS+PEN 0.125 mM, BTS+PEN 0.25 mM, BTS+PEN 0.5 mM, BTS+PEN 1.0 mM and
BTS+PEN 2.0 mM). Ten semen sample (n=10 boars) were diluted with different extenders as
mention above and the results showed that supplementation of PEN at concentration between

0.125 and 0.50 mM maintain diluted semen qualities as long as 7 days after cold storage at 18
OC which comparable to commercially available semen extender in Thailand. For the fertility test
in pig farm, there is no significant different in farrowing rate and litter size between our extender

and a commercial extender. For the antioxidant activity, the levels of SOD activity, Glutathione



peroxidase activity and lipid peroxidation (MDA) varied depend on the supplemented

concentration of PEN in each semen extender.

Keywords : Antioxidant, Artificial insemination, Pig, Semen extender
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unidszinalng Falimslamsnaniisuninnii 90% (Gadea, 2003) lagATn Loy

%%Nﬂ’]’]&lﬁ’lﬂmLﬂ%ﬂ U’]GNWﬂI%ﬁ»UUﬂ’]?NﬁNW%ﬁ&ﬂ? Luaaﬁnmﬂm "11“11’%"] A0y ®2AIN

@amﬁ@mmaz"ﬁ’aalﬁmmmmuquLmzﬂaanummwiizm@maaIsa@mdaluWn%uqﬂi Tu

JuAanMILaTBNITeL I TaTaza81389191NL T (semen extender) WNBLALSNENG20RIT

q
A g; =3 g: [ Qs [ A 2’ d‘y
fnanuluszozam (3 1) seoznand (5 1) wazluszuzen (7 1) lagansazauiiaaniinige

k9

azluaanIzuauns metabolic activity va467ag3 drumaiaansaagilumiazansninig
P a ] ° A & ad s a A °
wanzaw Nganniiszndng 1520 °C Saflugamninanaunsainedsednimumaviinues
dagd 1w AnusvIalumausenindmesdnull lassudsznavvesmiazaiside
R y 4 L e o A 4 .
nahdenudsznaylddsasfiiduunsdindanuuesdiasgd sfiaruguangausauaasly
dn anitieinsaugannulunia-lwannuasFeiiiennnzuIN IR lYeIaIegd 4
' A A o & ~ ad A o [ A o
losaudeg Amwsnasanmaanbedussd  wazlondiucndoilosiumaiuiwu

a A

°naaL%aLmﬂﬁLiwawﬁaBﬂVLﬁ (Gadea, 2003; Mapeka et al., 2012) laanaldsenineniinig

a

Ausinge 3 uid anmgﬁ@h zimIiinauyadase (oxidants) NuALARAININITUaLAA

1]

v ¥

9
a AA = | o @ o o v A A a ] . . £ A
83z (antioxidants) Ndagluinzaazidald azvhlfiian1iziiionia oxidative stress 31
. . A s a
Mz oxidative stress 1funitsluifasunaniinadonsitinraauas £MITNUVBIAIBFT
sz lusingeas i3 antioxidant enzyme atinadfia vihlw antioxidant enzyme Aflwsii
Tumstlastumaasanmavhaislaseains DNA Slifiaswe Feunfud TuszuuFuiusiver
. . o o [l ' r g [} . .

924 antioxidant enzyme eﬁaazgﬂmaaaﬂmagaglumﬁa Lo glutathione peroxidase 5 Liag

. . g o v o a ) e A ] g
superoxide dismutase uanNANLIININIANIVOUNABATZ LU acetylcarnitine TianTnaniias
i = . ° o A o o A . . o
wu'ldly seminal plasma T9azgaovinninflunstasnunsiianne oxidative stress L@

. Qs U, e =) { =) J a et 1

(Aitken et al., 2012) ﬁaﬁguuﬁﬂﬂﬁmiwwm's%msa@maL?mﬁm@mumﬂauwaam:mﬂmﬂu
nzuwmManuins e ngng il ¢ (chilled semen) ) lapidnansduauyadaszoiiadig
sdlusnIazaneiieansiige 15w 3a1Tud (Vitamin E) ngannlau (Glutathione) waz Ganau

(Cysteine) WDuaw (Breininger et al., 2005)

Penicillamine (PEN) funinasfilunfdanesiluasdsznay SveglusUnfanavasen
UfTue penicilin 1as penicillamine  sa1sowula 2 31 fa D-penicillamine uas L-

- . é { a y - .
penicillamine (Taidugduuuidufizdaiions) lunsmsuwndinisld D-penicilamine 1ilu



815nH115A 13U Wilson's disease, rheumatoid arthritis, cystinuria, progressive systemic
sclerosis (Wang et al., 2014) wanandh PEN gailualdulancwiin (chelating agent) na
1A anIzMIILALNBILAS ‘ﬁﬂﬁﬂ%mmwammﬁqdLﬁuluiwmwadmgwﬁa@m lag PEN
(% [ [ o [ 1 t:l' 2/ [ g: =3 o nq/ ]
LNITIUNUNDILA LLE\]’J‘Y]’]I%E]Qi%gﬂ‘ﬂ&’]&l’]iﬂaza’muﬂ@ MNUBWTUNAIH BT aae
(Durand et al., 2001) lasdinsAnslasnsidnans PEN wazidSouifisuny N-acetyl cysteine
Twiiraves wywd h uszny wud PEN smaniavilvdiesilasiawizdegivesindiia
] U =S = d' a . d' d‘yd wAa n'
a%le@]%’]%ﬂd 8 1 Ngmngu 37 °C (Aitken et al., 2012) LummnmiuwQmawumlumim&l
qmmwmadﬁ’nfﬁa laginaanafani ldraniin LLaxé’@]i’lﬂ’liagiaﬂmadﬁ’saqﬁ lasvin
v dl & v a &) @ Qs a & s 1 a dl' LY >
%mmﬂumimumggaaai: waziduarulanzunn lasduanedianasauiailasnuainy
Lﬁ&lmmlaomaﬁaaﬁﬁmmﬁ@mnm‘smg;&aamﬂﬁ mﬂﬁagamaomm@aaa‘*ﬁwﬁﬂu m;omj
o & a N P s & v & A a A a
Wik URzN V9131 PEN JQuaaLa sl,umsmuqmmwmaomLmavl@]Lﬂuamdmm:wﬂszaﬂﬁmw
& . . v ] . > A = %
Tun13idu antioxidant la@n N-acetyl cysteine ud g lifinImnenuisnavasnsld PEN Tu
& @ a A s A AR A & o

ﬂ’]SLﬂua’]i@]’luaiwaamﬂumia:mULﬁ]aﬁnomL%amaoqm miﬂ@maau%m@qﬂizmmwa
= a & s & 4 = ¥ A e %
ANWINAYDINITLAN PEN 1%&'}3@:@78Liﬂamammagmswmummuml,“ﬁavl,@ﬂizmm 3%
(vfia BTS) lasdiauy@giwitans PEN azaunindangmaiiuinmamnIweadiizagns
% al A v v 3 Aa 6 v 1

(amﬂm‘imaauﬂ"lﬂmwm 2R IINIIDATIA m’mauyimmaaaﬂﬂﬂ‘m) ldouunin 3

a

U
ad
AIDNIINAADY
o 6

d0NA[DI

1 o 6 & 6 1 = o N Y 6 = Qs v
WOgNIWUDQIANT 8183eHIN 1-3 U %% 10 a7 I@ﬂl"ﬁwaqmﬂgquwmmnu muld
FEUUNNTLREY NTIANTT ANRITURLUNNL AL AUNUNIRNA %aw’aﬁuﬁfnﬂé’n:mumimnaau
Qmmwmaaml,%aazmaﬁuauanﬂ 3 - 4 10a% LAZYINNIRTIARAUTIDNATINARITYINANTLIAL

ABEINARD
AT U UNRDRTE \WWATSaa13% (Penicillamine)
1.8713 Penicillamine 31NL31N Sigma-Aldrich
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YnsTaiuiisegnIuaaz@Idisis Hand-glove technique IzwinimsaaLiviLaiinig
N384 Gel fraction Va4 Ejaculate aan wiiuwdaaaf lauviazaslussazaisidaansinisaus

azafia  MAlaanuidudu 3x10° spermatozoa/100ml  wastiusiudalu  Plastic  artificial

] 2 ¥
A o AA =3 o )

insemination bottles Ngannil 18 asewaldus wan 8 Ww(nnIanuisailuiun o)

U
Qs dl et dl s c; a dl a dl = o a 1 :/ 4%/ dl 3 v 1 dl
1%'3%“/] 0 MN 1T IUN 3 IUN 5 LR IUN 7 um‘smmamommamﬂmmvhaaﬂmqwn

aownnil 37 adrLraLToRLI WIzZI81 30 W ﬁné’hamaﬁnL%aa@mﬂsuﬁuﬂmmwﬁn%

MaassuanIazalunIImMasad: 8138caNYIaNENTALLUS AW 1 THA §138YANY
1AMV ALULTEENANY 1 THa  WRZETRZAUIIANITaRUUTEELENN 1 Tha

FURLLDUAANNTNIAIT

a e a £ g o o o A A o

1. aIazasinenulToninlwes Dadulnaunanizasony BTS fatinnsle

¥ & ' o = ' A ' = a A
ORI ULREINAIINW umﬂammwamuqummauqamaonima:ma wANNILAY PEN N
828U LAY NN DA WM TALINE Laun13tdy PEN NaMUT T ha NN

f8 0.5, 1.0, 2.0 LAz 4.0 mM Lamalummzmsuﬁaawﬁmﬁaqmmﬁmw:é’u

2. vievasmIazaeiiduniugu: BTS (a3aza1uiiansiiiauuuszuzau), Merck i
(138210 TAULLIZHZNANY) WA Androstar®Plus (R138¢a18130919H L TaUL LT B2

817)
3. Sy Mansazaaidaan s Tandasshanautinnawt, 000 IaaaaT
mmmagﬂmjumsmaaﬂﬁ 7 mjué’aﬁ
' A A A &
NENAILANN 1 §1382A18L9099THAIzZEW BTS
mjwmquﬁ 2 R1I9LAULIAITRATLHENANI Merck-lII
nq’umuquﬁ 3 #IRANULIAIITRATE L8 Androstar® Plus
1 n:l' a dld U U
NRUNANDIN 4 1@n PEN Nllanataiuank 0.5 mM
1 n‘ a dld LU v
N{UNANEIN 5 1en PEN Nlanataiuan 1.0 mM

ﬂajumaaaﬁ 6 16y PEN NUANNTNT% 2.0 mM

ﬂéjumaaaﬁ 7 @3 PEN NUANULDNTW 4.0 mM
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1. @9La3uNINsIaU NN 1 T lusnawnazldon

2. L@%ﬂuﬁﬂﬂé'uuazl,ﬁuvﬁﬁamvigﬁ 37 a9FNLTRLTHR Wt 2-3 TALNI Ao bTI%

q

3. dwranazlarIazanuiiaanstinmainidsumyinlae

A

4. MInauelgsIazanuiiaanssingali water bath eju"ﬁﬁqm%m 37 a9eNLTALTUR LD

U

wianfiazldou

2 mmmaﬁauqmmwﬁ?tfy@m lasdszidinlaann

2.1 .m‘smaaaauqmmwﬁnéaﬁ’sUml,ﬂm (macroscopic examination) laun
2.1.1. Psinasveninga Jalasmstnsiminudenisans
2.1.2. anudunsa — @19 lae pH meter uazussauaaaludnlagld Osmometer
2.1.3. anuidutuvasdiegd Salagldiaas spermacue TM (W1i28 x106 sperm/mi)

2.2.n3aareugunniianoldndaiganssel (microscopic examination) loun

v

221, MIAdauN@anIza? (individual motility) w38 dafifudmsiadend lUdeniin
. - o o & do A
(progressive motility) snansnayasauldlas wiiTafidansarazeunasIuwa ladngn
v a ° ¥ A v A 6 1 £ 2 6 A >
Toumpivszanm 37 °Cc udBadionszanlaalad desmoldndasansmisfiadauss
(Phase contrast microscope) gn1ataRauianMasueed lasldiasmens 100 1w (10 x
10) 200 111 (10 x 20) uaztuiAIBENENADIIaNTIFLTY 400 111 (10 x 40) LNBQMIBFAN
A A v % ¥ A I & & 6 A §‘ fj‘ Aa A o ad A A v v 1
waaud ldhamsuaafaiduiasidud sohrenfnldeginieiend ludmihay
wwin 70-90% (laslilSanmesdfidiafisnunnedeud lddnihveniuldagn 8o %)
fmIunnaagituuumaafaunfivesdiaginidu kinetic motility pattern vin1sasalasls

CASA system (SCA®, Spain) LALTISNUNIAUNIIIRLADIAE 9289 WHO (2010)

222, enududuvesdiesd insUsudulasnisld Neubauer haemocytometer law

Z/ d'ly ¥ ] v R A 2’ .:3’ v . . . A o .
NRUUILDOLYINWNA W LRIDILABINIWILTNY dilution pipette 1ae130971900 formal saline
gamdin 1:100 wiatszanm 1:50 dszfiumuldndasantiaisfadauss dudwiuud

A

awImaandNlu aﬁﬂmuéhaq%@amaam
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223 mwamalini"nadaﬂﬂﬂeﬁu lag/lFReay fluorescein isothiocyanate—labeled peanut
(Arachis hypogaea) agglutinin (FITC-PNA) lagnauasazaotiidaidaansdsunm 10 UL 111

a

U Ethidiumhomodimer-1 13anm4 10 UL uaz incubated figmwnni 37°C 1w 15 il
& L, ¥ X a A (% & A @ . [ I3
PMUBININL T30 19NNFNLRIRIARIUUE LA L0 5 UL ua2 Fix dastanuas 96% 1w
181 30 WITl NNHUAIRLAY Tuaauds lUnizanesszans Fit C-PNA USunm 50 L 89U
flag wa1in'ly incubate 1u<§ﬁL§uLLm%uLﬂunm 30 W7 RRINNBUIIIIUFNTRZANEY PBS
RIS LLﬁaﬁw"lﬂﬁiaoﬁ;amiﬂﬁﬁﬁwé'wmzl 100 L1 % 200 a2uuLiln eanezlaslaulng

(intact) LazazlaslouAadnd (non-intactanuuihanfailusasas

2.2.4 NITUIUNNINTIINTIENTIAvaIslSy (Viability) ¥inlaswaninibasa 10 ul 6o

[
a

NEUNU SYBR-14 2.7 ul 99n%i 9931107 10 ul W&NNU Ethidium homodimer (EthD)10 ul

U

o % Aa A a A A

LAz Incubation 37 °C 15 w7 aa28nNaad Fluorescence 40x 1 200 A1 AINGaRIULIADY

U

Aa i \ o Aa A A o . & A & w
736 (viable) §IUAINAAFTULAIADANLUAD (non-viable) InuuNNAaLTuIasA:
3. MIATINInaRNaaTETia19 9

¥msduifiu supernatant maam‘sa:mm%amaﬁwL%aqﬂﬂumjwmaawm6] WAJANLAL
lughiu Twiud 0, 1, 3, 5 uaz 7 4% lasduwwlesdi 2000 saudewd Wwan 10 wif
(SPECTRONIC® 20 GENESYSTM, Spectrum Chemical Mfg. Corp., USA). ﬁ]’mﬁ?mﬁ‘uvl’qfﬁ -
20°C wazthaniaszauvasionlmiuszanduauyadaszaiiadngg &% T-AOC, SOD activity,
Glutathione peroxidase activity (GSH-Px) and lipid peroxidation (MDA) lagld ELISA kit 310

U%ﬁﬂLaﬂTu(Biology Institute of Nanjing Jianchen, Jiangsu, China) (Hu et al., 2014)

4. mshasazans e lunnsuianow
' o S & an s A v o v v
Tagwignsnnalnzgnwan 2 assaemaiudaamismsvesrhsuiidn llimsnaass daelaa
A J 9 £ v 1 v 9 v 1 9 a A aa 9 1 =1
amavhsuld Feegszning 3-5 wudwiae Iae Usuias 80 aaansuaz ldMonauiiounny
.. o )=} Y A~ = =~ Y
5350A1 (traditional AI) fmskamfiondlogasatsazateiil PEN-0.25 nfsouifieunuasazats
{ 4 o 1 1 @ <] @ 3 4 @
15 unhsy (Merck 111 S1usignsnguaz 30 A2 uazinudoya oasinsasioes (Insesda

I v ° 1 1
$316179) ﬂ@]ﬁ’]ﬂ’]ﬁL%’]ﬂﬁ@ﬂllﬁgﬂ’]u’)ugﬂl!ﬁﬂﬂaﬂﬂ Gluu@]agﬂﬁjll

13



NMINATZARANITUITLLABHE

>

1 mzﬁﬁmsmnqmmwmaaﬁ'}L%aqmmﬂwwswﬁL@ﬂ%@mGJ g Samstadand
14nThve9egd 89NNIIAATIA LLa:mmauHsrﬁmadaﬂﬂﬂsﬁw LLa:ﬁauﬁazﬁﬁayammﬁ:
WNIATIER ﬁagaﬁamm:gﬂmnaauimUglmim:mﬂéfmuuﬂﬂa (normal distribution) @28
Shapiro-wilk test mﬂﬁ?wﬂ'a%laﬁlzgﬂﬁﬁuﬁLﬂﬁzﬁﬁi&l one way ANOVA Tu Completely
Randomized Design (CRD) I(ﬂﬂﬂﬁjwmaaaﬁy’omm:lﬂuﬁau,ﬂsmuquLLa:wwswﬁmai’ﬁ{@
Wuaudsdase uazwegnaluauysgu (random block factor) warmsidSauiiaudads
Ya3udaznnniinaiaznasaulas Duncan’s new multiple range test @28lUsunsuNIIaDa
SPSS (SPSS 19.0; SPSS Inc., Chicago, IL, USA) I@aJLL@ia:wwﬂﬁma%%uamag’lugﬂmaa
WasiFuduas Mean + SD Liiae P< 0.05 me'j']LL@iazﬂ@:umimaaaﬁm'}ml,@ﬂ@mﬁ'uasm

(2
% o

Idpddyneedd wananidimanuiuiusvesdayaniniinaionig saiqmuniniiize

nuezasenlodriiadig g Miipidesnunsdueuyadaszdan Pearson’s correlation
HANIINARDY

NANIINARBINLNEITRINU progressive motility, viability, acrosome integrity, HOST,
. ' ' o A o A

osmolarity uaz pH Tunguensg lwiun o, 1, 3, 5 uaz 7 lduaaaliluamf 1-5 (Tables 1-5)
A ' o & y & ' & 1 = ' o ' A o

Taonlu 129 3 mmﬂuuqmmwmaau’w’}jaluwwm@aima6] ladanuuand1anuasnade

BeN ARG WAlwIuA 5 uaz 7 uk Bullanuuandinuwaglinssziayneaia lasd ngw

A a 1 ® & v A dl' ai ¥ ¥ . .

niad PEN-0.25 Wazngu Androstar-Plus gafimsiefani laanin (progressive motility)

"L@Tgaﬂiw 70%
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Table 1 The mean percentages of progressive matility, viability, acrosome integrity, HOST, osmolarity and pH and of 8 extenders on day 0 (n=10)

Parameters BTS Merck-lll Androstar®Plus PEN 0.125 PEN 0.25 PEN 0.50 PEN 1.0 PEN 2.0
Motility 36.74 66.56 77.62 52.69 24.32 77.52 19.51 58.91
Viability 76 80 50 64 61 48.5 25 50
Acrosome
89.5 89 82 63 80.5 60 48 56.5
integrity
HOST 42 29 34 34 28 25 21 19
Osmolarity 340 360 300 336 344 340 342 348
pH 8.03 8.35 8.04 8.2 8.09 8.09 8.18 8.3
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Table 2 The mean percentages of progressive matility, viability, acrosome integrity, HOST, osmolarity and pH and of 8 extenders on day 1 (n=10)

Parameters BTS Merck-lll Androstar®Plus PEN 0.125 PEN 0.25 PEN 0.50 PEN 1.0 PEN 2.0
Motility 51.07 55.44 82.74 70 67.66 53.61 71.33 62.73
Viability 66.5 59 68 65 71.5 65 72 69.5
Acrosome
93 87 90.5 92 90 96 80 82
integrity
HOST 26 36 19 18 24 17 22 17
Osmolarity 338 354 297 340 352 354 348 345
pH 8.29 8.16 8.15 8.04 7.96 8.17 7.96 7.96
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Table 3 The mean percentages of progressive matility, viability, acrosome integrity, HOST, osmolarity and pH and of 8 extenders on day 3 (n=10)

Parameters BTS Merck-lll Androstar°Plus PEN 0.125 PEN 0.25 PEN 0.50 PEN 1.0 PEN 2.0
Motility 64.57 52.65 72.62 72.56 62.27 82.04 57.69 61.05
Viability 76.5 72.5 69 77 70.5 64 65 66
Acrosome
89 91.5 90.5 92 86 85 90 88
integrity
HOST 20 16 28 28 24 23 24 21
Osmolarity 340 358 302 342 340 355 352 345
pH 8.28 8.27 7.94 7.84 8.04 7.91 7.97 7.6
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Table 4 The mean percentages of progressive matility, viability, acrosome integrity, HOST, osmolarity and pH and of 8 extenders on day 5 (n=10)

Parameters BTS Merck-Ill Androstar® PEN 0.125 PEN 0.25 PEN 0.5 PEN 1.0 PEN 2.0
Plus
Progressive motility 53.0 £ 11.5° 47.0 + 12.0° 76.0 £4.2° 63.0+ 14.8° 70.0+12.2* 63.0x11.0°° 59089 480z 14.8°
Viability 74.3 £ 6.6 716 £85 755+ 48 73.0+7.7 76.5 + 8.8 721 +8.2 69.0 £ 55 69.6 £ 4.9
Acrosome integrity 87.3+47 88.4 + 5.1 90.3+29 89.25+1.4 88.8 + 3.6 89.0 £ 8.8 88.8+2.0 87.5+29
Osmolarity 323.8+3.9 358.0 +4.2 302.0 £ 3.1 329.8+54 3224 +1.8 3228+ 3.4 323.8 £ 3.6 323.0+2.6
pH 79+02 8.0+ 0.1 77301 7.86 £ 0.1 7.8+0.2 77+04 78+0.2 7.7+0.2
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Table 5 The mean percentages of progressive matility, viability, acrosome integrity, HOST, osmolarity and pH and of 8 extenders on day 7 (n=10)

Parameters BTS Merck-Ill Androstar® PEN 0.125 PEN 0.25 PEN 0.5 PEN 1.0 PEN 2.0
Plus
Progressive motility 46.0 £ 8.9 440 + 16.7° 73.0+6.7° 63.0 £ 14.4% 70.0 £ 13.7° 57.0 £ 14.8°°  50.0 £ 10.6™  49.0 £ 12.9"
Viability 72151 69.5 + 3.0 73.1+£51 68.3£6.5 68.6 +7.5 67.3+6.2 64.2+55 61374
Acrosome integrity 78.7 £2.9° 789 +2.3° 85.7 + 2.0° 81.6 £ 3.0™ 85.7 £ 2.9° 81.6 £ 3.3 83.7 £2.4%® 78.8 £ 2.3°
Osmolarity 321.8+1.9 356.0 £ 3.5 2972+ 05 3204 54 318.6 +4.0 3228+4.6 321.2+5.0 325.0+5.3
pH 79%0.1 7.8 +0.1 7.62+0.2 7.7 0.1 7.7+02 7.72+0.2 7.7+0.1 7.73+0.2
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FMIUNANINARaINNLITINUM SR UALLUAINY Y09 I0ET  (Kinetic parameters) FITARY
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Ui 1, 3, 5 uaz 7 ¥awINeIdY Frwaunegni=10) gninauelua1ieid 6-10 (Tables 6-10)
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Table 6 The mean percentages of sperm progressive motility and their kinetic parameters of 8 extenders on day 0 by using CASA (n=10)

Parameters BTS Merck-Ill Androstar®Plus PEN 0.125 PEN 0.25 PEN 0.50 PEN 1.0 PEN 2.0
Motility 36.74 66.56 77.62 52.69 24.32 77.52 19.51 58.91
VCL(um/s) 251 24.15 37.54 30.26 18.44 32.16 17.66 30.4
VSL(pm/s) 8.8 15.36 26.84 19.56 3.75 235 2.31 20.01
VAP (pm/s) 12.3 18.78 31.11 23.22 6.42 27.6 5.85 23.65
ALH(um) 1.42 1.39 1.51 1.59 219 1.33 2.18 1.5
LIN(%) 35.08 63.62 71.48 64.62 20.34 73.08 13.07 65.82
STR(%) 71.54 81.82 86.28 84.23 58.4 86.84 39.46 84.59
WOB(%) 49.03 77.76 82.85 76.71 34.84 84.16 33.14 77.8
BCF(Hz) 8.2 5.95 7.65 6.46 2.73 6.68 1.65 6.63
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Table 7 The mean percentages of sperm progressive motility and their kinetic parameters of 8 extenders on day 1 by using CASA (n=10)

Parameters BTS Merck-Ill Androstar®Plus PEN 0.125 PEN 0.25 PEN 0.50 PEN 1.0 PEN 2.0
Motility 51.07 55.44 82.74 70 67.66 53.61 71.33 62.73
VCL(um/s) 24.78 25.33 31.45 37.72 30.52 20.43 36.47 29.57
VSL(pm/s) 16.89 16.49 23.64 29.37 23.07 7.71 26.86 18.57
VAP (pm/s) 19.76 19.52 27.36 32.87 26.2 11.28 30.64 21.59
ALH(um) 1.26 1.33 1.34 1.4 1.33 1.84 1.47 1.43
LIN(%) 68.16 65.09 75.16 77.85 75.58 37.73 73.65 62.8
STR(%) 85.45 84.46 86.39 89.34 88.05 68.31 87.65 84.61
WOB(%) 79.76 77.07 87 87.14 85.84 55.24 84.02 74.23
BCF(Hz) 6.24 6.72 6.41 6.91 6.62 6.63 6.85 7.3

22



Table 8 The mean percentages of sperm progressive motility and their kinetic parameters of 8 extenders on day 3 by using CASA (n=10)

Parameters BTS Merck-Ill Androstar®Plus PEN 0.125 PEN 0.25 PEN 0.50 PEN 1.0 PEN 2.0
Motility 64.57 52.65 72.62 72.56 62.27 82.04 57.69 61.05
VCL(pm/s) 26.37 18.06 33.36 24.73 33.92 38.29 31.28 35.64
VSL(pm/s) 15.92 9.78 26.16 18.42 27.37 31.01 23.66 26.93
VAP(pm/s) 19.09 12.86 29.62 21.53 30.4 34.25 26.96 30.75
ALH(pm) 1.42 1.47 1.28 1.26 1.26 1.35 1.41 1.44
LIN(%) 60.39 54.17 78.42 74.51 80.7 80.98 75.63 75.56
STR(%) 83.39 76.05 88.34 85.56 90.05 90.53 87.76 87.59
WOB(%) 72.41 71.23 88.77 87.08 89.61 89.45 86.18 86.27

BCF(Hz) 7.1 7.15 6.33 5.94 6.88 6.73 6.22 6.8




Table 9 The mean percentages of sperm progressive motility and their kinetic parameters of 8 extenders on day 5 by using CASA (n=10)

Parameters BTS Merck-Ill Androstar®Plus PEN 0.125 PEN 0.25 PEN 0.50 PEN 1.0 PEN 2.0
Motility 77.42 30.31 75.14 63.23 77 67.91 42.48 53.08
VCL(pum/s) 33.91 21.05 29.55 26.59 34 38.27 33.56 29.03
VSL(pm/s) 247 9.83 22.02 12.89 24.15 28.14 23.29 19.17
VAP(pm/s) 28.72 12.93 25.08 17.2 27.78 32.21 26.71 22.78
ALH(pm) 1.42 1.37 1.3 1.78 1.47 1.56 1.62 1.5
LIN(%) 72.85 46.67 74.54 48.48 71.02 73.53 69.38 66.03
STR(%) 86.01 76 87.81 74.93 86.92 87.38 87.19 84.12
WOB(%) 84.7 61.41 84.88 64.71 81.71 84.15 79.58 78.49

BCF(Hz) 6.58 7.3 6.89 6.36 7.13 6.85 7.15 6.35




Table 10 The mean percentages of sperm progressive motility and their kinetic parameters of 8 extenders on day 7 by using CASA (n=10)

Parameters BTS Merck-Ill Androstar®Plus PEN 0.125 PEN 0.25 PEN 0.50 PEN 1.0 PEN 2.0
Motility 65.96 45.77 70.9 67.95 70.97 61.19 64.32 53.86
VCL(pm/s) 34.26 23.81 36.57 37.7 32.99 291 24.49 29.28
VSL(um/s) 25.14 10.22 26.08 27.85 23.6 18.04 14.46 19.47
VAP(um/s) 28.27 14.29 30.29 31.67 27.08 21.96 18.07 22.87
ALH(pm) 1.45 1.98 1.53 1.62 1.5 1.51 1.39 1.36
LIN(%) 73.4 42.93 71.31 73.86 71.53 62 59.02 66.52
STR(%) 88.96 71.55 86.1 87.93 87.14 82.15 80 85.16
WOB(%) 82.52 60 82.82 83.99 82.09 75.47 73.78 78.11
BCF(Hz) 7.09 6.22 6.88 6.81 6.71 6.15 6.86 6.74
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Figure 1 The levels of T-AOC unitml), SOD unitmlyand MDA (nmol/ml) in different types of semen extenders

on day 7 of storage at 18°C.
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Table 12 Pearson’s correlation among semen qualities, T-AOC and MDA levels (P value)

Parameters

T-AOC day 3 T-AOC day 5

T-AOC day 7

Motility day 5
Motility day 7
Viability day 3

Acrosome
integrity day 5

Acrosome
integrity day 7

MDA day 7

-40.7(0.09

0580.01)

051003

-53.000.02)

0.400.1

0.510.03)
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Table 13 Pearson’s correlation between viability and MDA levels (P value)

Parameters MDA day5 MDA day 7

Viability day 5 -0.38(0.1)

Viability day 7 -0.35 (0.1)

uan199 11z T35

o Ay Y Aav = J o @ ~ & yao 14
hensazarei lannandde lunaaswwauionluhsugnimaensuludmiarays  #dIde’ld
a 1 Y 9 9 1 1 9 1 dy [} % ;’f [ I~
anao 3i5ouiesnds Taauisngugnsmumsadeaiedl Tasuignsnndlazgnray 2 asenomsiily
o Aa J ! o { 4 : 1 v o o 0
danAsmsveahsuig liimsnaaes dreTaanmahsuld deegszning 3-5 Wudwade 1dd
9 v
151103 80 Tadans lanadasinsaaies sas1msdinasa 31uIUgNUINATEA AWA1T1N 11 (Table

11)

Table 11 Comparison between pregnancy rate (% PR), farrowing rate (% FR), total number of

piglet born (TB) of different extenders (BTS, Merck Ill, Androstar®Plus, PEN-0.25)

Groups (sow =30) % PR % FR B

Gr. 1 (BTS) 96.7 83.3 12.3
Gr. 2 (Merck Il) 93.7 84.4 12.6
Gr. 3 (Androstar®Plus) 90.0 80.0 12.4
Gr. 4 (PEN-0.25) 93.3 86.7 11.6
Statistics (%) NS NS NS

NS = not significant
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Introduction

Boar semen evaluation is the first step in semen
processing and artificial insemination (Al) dose
production. Effective methods for semen
analysis are necessary for improving on
reproductive performance. Generally, there are
four parameters that are assessed boar semen
quality including concentration, motility,
viability and morphology. (1). Of these,
concentration and sperm motility are most
routinely used to select boar ejaculates and
calculate semen doses prior to semen process of
storage or cryopreservation. It is generally
accepted that sperm motility reflects the
viability of a sperm and a positive correlation
between motility and fertilizing capacity has
been shown in many species (2, 3). In practice,
the motility of boar sperm is manually assessed
with phase contrast microscopy by well-trained
technicians. Visual assessment is cheap and not
time-consuming but its accuracy depends on
variation between and within technician
experience (4). Moreover, it only allows
discrete motility score (increment of 5-10%).

To improve the methodology of measuring
sperm motility, several different methods have
been developed for objective assessment
including frame-by-frame video micrography,
spectrophotometry and computer assisted
sperm analyzer. The first commercial
computer assisted sperm analysis (CASA)
system was CellsoftTM system which used for
evaluation of sperm movement in human,
mouse and rat sperm (5). In 1986, the next
commercial CASA system, HTM-2000; was
developed by Hamilton-Thorn research which
include the optical system, video camera,
keyboard, monitor and automatic positioning
of semen sample in the box. Hamilton-Thorne
introduced the IVOS integrated system in 1992,

5119

and the CEROS for use with an available visible
light/  phase-contrast  microscope  and
computer. These innovations provide sharp
images, accurate and precise image digitization
and automated classification of sperm motility.
Currently, there are many company produce
CASA for boar semen analysis, and
commercially available in Thailand for
example, ISAS (Spain), SCA® (Spain) and
AndroVision® (Germany).

Using CASA for semen evaluation

Nowadays, there are more than 12 CASA
systems are commercially available, for use in
animal sperm (6). Mostly, the basic principle of
CASA systems is to view and capture
successive image of 500-2000 sperm in multiple
field, at 50-60 frames/second, and provide
accurate and precise summary data for each
sperm and population. CASA systems at lower
frequency (<50 frames/second) may conceal
data on sperm motility because of a sperm
trajectory likely different than the real one (7).
Based on centroid trajectory, a large number of
sperm is assessed for sperm motility according
to the proportion of sperm cells with strong
progressive ~ movement,  non-progressive
movement and no movement (rapid, slow and
immotile sperm). The various kinematic sperm
parameters or motility pattern included
velocity average path (VAP, um/sec), defined
as average velocity along the smoothed cell
path; curvilinear velocity in (VCL, pm/sec),
defined as average velocity along the entire
trajectory;
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Table 1 The mean percentages of sperm progressive motility and their kinetic parameters (using CASA. SCA®) of 7 extenders (i.e. two commercial extenders and Sperm-B-
Fit™ with different concentrations of Penicillamine, PEN) on day 7 by using CASA (n=10)

Parameters BTS Androstar*Plus

PEN 0.125

PEN0.25 PEN 0.50 PEN 1.0 PEN 2.0

Progressive

motility T0.9

VCL(pm/s) 34.26 36.57

V5L(um/s) 1514 16.08

VAP(um/s) 18.27 30.29

ALH(um)

LIN(%) 7131

STR(%) 86.1

WOB(%) 81.52

8182

BCF(Hz) 7.09 6.38

6795

3.7

17.85

3167

162

73.86

37.93

3399

6.81

T0.97 6119 64.32 53.86

3199 449 19.28

136 18.04 14.46 19.47

17.08 2119 18.07

151 139 L36

TL53 59,02 66.52

87.14 5115 80 8516

809 7547 73.78 7811

6.15 6.86 6.74

straight linear velocity in micrometers per
second (VSL, pm/sec), defined as average
velocity of straight line path from first to last
position of sperm head; amplitude of lateral
head displacement (ALH, pm), defined as
mean lateral sperm displacement along the
smoothed cell path; beat-cross frequency (BCF,
Hz), Frequency of sperm head cross the
smoothed cell path; straightness (STR), defined
as ratio VSL:VAP which express the linearity of
average path; linearity of the curvilinear path
(LIN), defined as ratio VSL:VCL (8, 9). Velocity
of any sperm is determined by VCL, VSL and
VAP parameters (10) (Table 1). Hyperactivated
motility is characterized by energetic, non-
linear, non-progressive movement. This special
type of movement is responsible for prevention
of sperm entrapment and assistance of zona
pellucida penetration before acrosome reaction.
The kinematics characteristics of
hyperactivated sperm are high VCL and ALH
values with a decrease in LIN (10). In addition
to sperm motion parameters, a few systems
have been developed the different hardware
and software to detect the abnormality of
sperm such as cytoplasmic droplets (ie.
AndroVision®, Fig. 1), bent and coiled tail in
wet and dry preparation.

Besides, total numbers of sperm in chamber
were counted for use in Al dose calculation.
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Furthermore, CASA systems could evaluate
sperm function including the plasma
membrane integrity, acrosome integrity, DNA
fragmentation and mitochondrial activity, after
staining sperm with specific-fluorescent probe.
For motion characteristics and sperm
concentration, values are mnot mnormally
distributed and varied in among samples and
individual animal (9).

Figure 1 Picture show different motility
patterns (green and orange) and proximal
cytoplasmic droplet (yellow square) using
AndroVision®.

The variation in accuracy and precision of each
output parameters also depends on species,
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type of extender, chamber type (Figs. 2 and 3),
sample preparation, temperature (stage
warmer should be set at 37°C, Fig. 4), time of
sample analysis and instrument settings. More
importantly, laboratory room with air
condition, a set of CASA should be avoiding
against cool air which resulted in under
estimated of progressive motility during
analysis.

20 micron
sample ~3 |

Figure 2 Leja® chamber (disposable chamber
with 4 chambers).

-

Figure 3 Hamilton Thorne Research (Reusable
chamber with 2 chambers.

Figure 4 Warming Chamber and Coverslip at
37°C.
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Factors affecting using CASA for semen
evaluation

During CASA analysis performance, many
factors can influence the precision and accuracy
of output values of motion parameters or
concentration including sample temperature,
dilution factor, sample preparation, time of
analysis, difference in chamber depth,
validation of instrument setting and expertise
of operators. Ejaculate sample temperature
causes variation in CASA results. It is
demonstrated that too low temperature result
in the underestimation of progressive motility
and leading to discard the ejaculates or less
production of Al dose (11, 12). Based on sperm
cell density in the chamber, a CASA system
needs to optimal density because higher sperm
density sample showed more collisions of
sperm which affect the overestimated the
number of motile sperms. The optimal dilution
factor resulted in an increased number of
analyzed samples and improved time speed of
analysis which is quite important for running a
CASA system in the field. Therefore, the
dilution factor should be considered for varied
concentration of ejaculate, different species or
individual CASA systems (12, 13, 14). In semen
preparation, mixing method also impact the
CASA results. The mechanical mixing method
for 3 sec showed significantly higher
concentration and percentage of progressive
motility when compared to manual mixing
(tube upside down 5 times for 2-3 sec) (12). In
counting chamber, it is indicated that chamber
depth and starting position of measurement is
also affecting the motility and concentration
assessment due to the irregular distribution of
sperm cells in the chamber (12, 15, 16). Lenz et
al. (17) determined sex sorted frozen bull
semen and revealed that total and progressive
motility in Makler chamber or glass slides with
coverslips were higher than Leja chamber
approximately =~ 25%.  Nevertheless, no
significant  difference  between  Markler
chamber and glass slide with coverslips was
found. Therefore, the validation of other types
of chamber in laboratory should be performed.
Time of semen sample analysis after loading
significantly influenced the motility results.
Then, it is highly recommended to analyze
immediately after chamber filling or loading
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(12). To avoid meaningless data, the technician
or operator must be well-trained and all
hardware and software settings must be
validated and checked regularly (12, 13).
Finally, optimal temperature, dilution factor,
mixing method, chamber depth, time of
analysis and together with suitable training of
technician is beneficial for standardized output
values of CASA assessments.

The application of CASA in Al practice
Nowadays, the artificial insemination is
generally extensively used in intensive pig
farm worldwide. In practice, Al protocol refers
to the intra-cervical deposition of a large
number of sperm (generally more than 3
billion) in a dose of 80-100 ml using cervical
catheter (Cervical Artificial Insemination, CAI).
The number of inseminations was done 2-3
times/estrus cycle. In Thailand, current
practices of using excessive number of sperm
(probably over 5 billion sperm) has been
routinely used for Al (19). In Thailand, during
the past ten years, pig farmers have been
implemented post cervical artificial
insemination (PCAI) or intrauterine
insemination (IUI) with a lower number of
spermatozoa per dose of 1.5-2.0 x 10° with a
less volume of 50 ml. When using this PCAI or
IUI, a more accurate for measurement of sperm
concentration is needed in order to minimize
number of boar use per farm and also to spread
superior genetic boar to each particular farm.
Therefore, CASA technology is selected to
fulfill this mission.

Normally, subjective motility is routinely
assessed for selecting the good or poor boar
ejaculates. However, this technician-based
variation in sperm motility results make it
difficult to predict the boar fertility. Hence,
CASA systems is introduced to boar Al centers
especially centers with a large number of boars.
CASA systems are the valuable tools for semen
evaluation because they provide
simultaneously objective assessment of sperm
motility, morphology and concentration within
a few minutes. Total sperm motility and
morphology are used to identify the useable
ejaculates, whereas sperm concentration is
measured to calculating the number of Al
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doses from each ejaculate. Correct estimation of
total sperm number in each ejaculate is an
important economic parameter in boar Al
centers (18). The more accurate calculation of
total sperm number in an ejaculate contribute
to a reduction in total sperm number per Al
dose. Then, less number of boars will be
necessary to produce the semen doses which
leading to reducing cost of feed, facilities, labor
and operating (18).

Besides, optimizing semen dose production,
CASA is a tool for Al centers to predict the
fertilizing capacity of ejaculates. Many studies
showed that significant correlations between
motility and fertility in cattle, horse, human
and rabbit (20). In boar, several studies to
determine the relationship between sperm
motility parameters by CASA assessment and
fertility have been reported (2, 20, 21, 22). The
relationship between motility pattern (VAP,
VSL, VCL, ALH and BCF) and fertility was
found (2). In addition, Vyt et al. (22) revealed
that the percentage of motile sperm was
significantly associated with litter size as well
as with total born alive piglets. The litter size
increased by 0.14 piglet per 1% increase of the
percentage of motile sperm (22). On the other
hand, Didion (21) did not find any significant
association of semen motility with in vivo
fertility in boars. In 2012, it was found that
farrowing rate and litter size was significantly
affected by progressive motility and VAP,
respectively. On the contrary, it was found that
a negative correlation between CASA
parameters (VSL, ALH) and litter size (20).
Currently, the relatively high sperm numbers
per dose used in commercial Al practice and
the pooling of semen from boars that may
masks the reduced fertility that can be
demonstrated in some of these boars when
lower numbers of sperm are used for AL

In addition to liquid stored semen, computer-
assisted sperm analysis (CASA) was also
introduced to reduce subjective bias on the
motility and morphology assessment and to
discriminate sperm kinematic parameters in
frozen-thawed semen. During
cryopreservation, the sperm was injured by
many factors and resulting in a reduction in
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motility and low survival rate of sperm. There
are several studies of post-thawed sperm
quality evaluation using CASA systems in bull,
buffalo, goat, fish and boar (23, 24, 25, 26, 27,
28). In boar, CASA system assessment can be
used to improve the cryosurvival of sperm by
comparing types of cryoprotectant, freezing
and thawing procedures, equilibration time,
supplementation of antioxidant in extender (19,
24). It is suggested that hyperactivated motility
occur after freezing-thawing process. The post
thawed sperm is characterized by an increase
in LIN and a decrease in VCL and ALH.
However, VSL and VAP do not increase after
freezing- thawing procedures (24).
Identification of hyperactivated motility is the
prediction of the feasibility of sperm to fail to
fertilize both in vivo or in vitro oocytes (10, 24).
Therefore, the motility patterns of several
hundred spermatozoa must be assessed, which
is only practical using CASA.

Figure 5 Spermatozoa stained green (SYBR-14,
live and red (PI, dead) fluorescent using CASA,
SQS® Pro.

Recently, there is a new CASA (SQS® Pro,
Spain) that did not use the motility of
spermatozoa for evaluation of semen quality,
instead this CASA use viability of spermatozoa
in which stained by using fluorescent SYBR-14
(green) and PI (red) (Fig. 5), the green represent
live spermatozoa and red represent the dead
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one. Besides, this CASA is able to detect plasma
droplet and tail abnormality, taken the results
of viability, plasma droplet and tail
abnormality together and then calculate “useful
spermatozoa” for semen doses (29).

In conclusion, CASA systems can play an
extensively useful role in boar Al centers by
identifying the useful sperm in each ejaculate
and optimizing the production of Al dose
during semen processing. Moreover, the
relation between the semen qualities
assessment using CASA and fertility can be
very helpful in evaluating fertilizing capacity of
boar ejaculate. However, the effect of
individual boar and the breed of boar should
be concerned for decisions regarding ejaculate
rejection.
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Introduction

Nowadays, most of pig farm worldwide,
including Thailand use diluted fresh semen
with 3-5x109 spermatozoa per 80-100 ml by
using cervical artificial insemination technique.
A major advantage of using fresh or chilled
semen is about the stability of sperm fertility
which is maintained even with low numbers
(1.5-2.0x10°% of spermatozoa in the Al dose
when wusing intrauterine  insemination.
However, if the planned storage time is shorter
than 72 hours, it would be preferable to use
short term extenders because this type of
extender is inferior cost and the reproductive
outcomes within 3 days are similar to long term
extender. For long distance transportation, long
or medium term semen extenders were
considered for semen preservation. Farmer
sometime reluctance to select which extender is
suited with their need. Penicillanmine (PEN) is
a derivative of Penicillin; its D-isomer is a
useful form (1). PEN has been used as
antioxidant in the chilled storage of hamster,
mice, stallion and human semen in which can
maintained progressive motility after storage at
room temperature (2). Therefore, the aim of this
study was to test the antioxidant activities of
short-, medium-, long-term commercial semen
extenders that using by the pig farmer in
Thailand and a new semen extender,
containing PEN (Sperm-B-FitPlus),

Materials and Methods
A Duroc boar provided semen of proven
motility and morphology for this study. After
collection, fresh semen samples were extended
with 4 extenders, i.e. BTS, M III, Androstar®
Plus (Phillips International Ltd., distributor of
Minitube products in Thailand) and Sperm-B-
FitPlus (formulated by Dr. Kampon Kaeoket) at a

dose of 3x10° sperm/100 ml, kept at 18°C (3)
and investigated for antioxidant activities such
as T-AOC, SOD, GSH-Px and MDA on day 7
after storage (semen collection day=day 0). The
supernatant of diluted semen was collected by
centrifugation of diluted semen at 2,000 rpm
for 10 min, and kept in -20°C until analysis. The
enzymatic activities of T-AOC, SOD, GSH-Px
and the MDA were determined with a
spectrophotometric method using T-AOC assay
kit, SOD kit, GSH-Px kit and MDA kit (Nanjing
Jiancheng Biological Engineering Research
Institute, Jiangsu, China) (4) as follows;

Total anti-oxidative capability (T-AOC): T-AOC
was measured using T-AOC assay kit (Biology
Institute of Nanjing Jianchen, Jiangsu, China)
according to the manufacturer’s instruction. In
principle, organism contains various
antioxidative compounds which can reduce
Fe3+ to ©Fe2+, Fe2+ can react with
phenanthrolin to produce stable complex. It
was able to calculate T-AOC by measuring OD
values. The T-AOC activity was measured at
520 nm on the  spectrophotometer
(SPECTRONIC® 20 GENESYSTM, Spectrum
Chemical Mfg. Corp., USA). Total T-AOC
activity of each sample was converted into
units per ml of supernatant (U/ml).

Superoxide dismutase (SOD): The SOD activity
was measured using an SOD assay kit (Biology
Institute of Nanjing Jianchen, Jiangsu, China)
according to the manufacturer’s instruction.
The SOD activity was measured at 560 nm on
the spectrophotometer  (Spectronic® 20
GenesysTM, Spectrum Chemical Mfg. Corp.,
USA). Total SOD activity of each sample was
converted into units per ml of supernatant
(U/ml).
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Figure 1 The levels of T-AOC (unit/ml), SOD (unit/ml) and MDA (nmol/ml) in different types of

semen extenders on day 7 of storage at 18°C.

Glutathione peroxidase (GSH-Px): The GSH-Px
activity was determined using GSH-Px assay
kit (Biology Institute of Nanjing Jianchen,
Jiangsu, China) according  to the
manufacturer’s  instruction. The GSH-Px
activity was measured at 412 nm on the
spectrophotometer. Total GSH-Px activity of
each sample was converted into units per ml of
supernatant (U/ml).

Lipid peroxidation: Lipid peroxidation was
estimated by the end point generation of
malondialdehyde (MDA), the MDA content
was analyzed with 2-thiobarbituric acid,
monitoring the change of absorbance at 532 nm
with the spectrophotometer according to the
instructions of the MDA test kit (Biology
Institute of Nanjing Jianchen, Jiangsu, China).
The spermatozoa samples MDA levels were
expressed as nmol/ml of supernatant.

Results and Discussion
The levels of T-AOC, SOD and MDA in
different types of semen extenders are
presented in Figure 1. However, the level of
GSH-Px is not presented due to the level is
under detectable limit.

The present results confirmed that during cold
storage of fresh diluted boar semen even at
18°C, the oxidation is still occurred which can
be seen from the level of MDA in different
extenders. However, these levels differ among
extenders. This might be due to the fact that the

differences in composition of each extender.
For example, M III is medium term extender
that showed a higher level of MDA than the
other groups, while Androstar® plus showed a
lowest levels of MDA. This is due to the fact
that BSA and L-cysteine were added as lipid
peroxidation inhibitor and antioxidant,
respectively. For the enzymatic antioxidant
activities, the levels of TOAC and SOD are also
different among extenders which are depended
on the different antioxidant and lipid
peroxidation inhibitor used in each extender.
The highest levels of T-AOC and SODS were
found in Sperm-B-Fit'us when PENO0.5 was
added. The lowest level of those enzymes was
found in BTS group. This is to confirm that BTS
(without antioxidant and lipid peroxidation
inhibitor), a short term-extender in which can
storage semen only for 3 days could not control
the oxidation during cold storage. However,
Sperm-B-FitFlus, contained PEN at different
concentrations provided different levels of T-
AOC and SOD, indicating a dose respond
manner. Comparing the present results and our
results on semen qualities (presented
elsewhere), especially the progressive motility
outcome, it has been shown that the
progressive motility of higher than 70% on day
7 of storage at 18°C only found in Androstar®
plus and Sperm-B-Fitflus groups. This implied
that a new product, Sperm-B-FitPus has its
ability to prolong boar semen qualities as long
as 7 days during storage at 18°C. This is in
agreement with Aitken (2) in which PEN can
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diminish lipid peroxidation and improves the
qualities of semen during cold storage.

In conclusion, from the present results, Sperm-
B-FitPlus is able to diminish lipid peroxidation
and shows enzymatic antioxidant activities
comparable to those of long term extender,
Androstar® plus.
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Introduction

Nowadays, most of pig farm in Thailand use
fresh semen with a dose 3.0-5.0x10°
spermatozoa per 80-100 ml together with
traditional cervical catheter. A major advantage
of using fresh or chilled semen is about the
stability —of fertility outcome which is
maintained even with low numbers (1.5-2.0x
10%) of spermatozoa in the Al dose when using
with intrauterine insemination (IUI). However,
if the planned storage time is shorter than 72
hours, it would be preferable to use short term
extender because this type of extender is less
expensive and the reproductive outcomes
within 3 days are similar to long term extender.
For long distance transportation, long or
medium term semen extenders were
considered for maintaining the qualities of
semen during preservation. Pig farmer
sometime reluctance to select which extender is
suited with their need. Therefore, the aim of
this study was to test the quality of a
commercial short semen extender (BTS) that
using by the pig farmer in Thailand and a new
product, Sperm-B-Fit"us, which is formulated at
Faculty of Veterinary Science, Mahidol
University by adding Penicillamine (PEN) at a
particular concentration.

Materials and Methods
Six Duroc boars provided semen of proven
motility (progressive >70%) and morphology
(normal >80%) for this study. After collection,
fresh semen samples were extended with 2
extenders, i.e. BIS (Phillips International Ltd.,
distributor of Minitube products in Thailand)
and Sperm-B-FitPlus  (formulated by Dr.
Kampon Kaeoket) at a dose of 3.0x10°
sperm/100 ml, kept at 18°C (1) and
investigated for progressive motility (under

phase contrast microscope), viability (SYBR-
14/EthD-1, under fluorescence microscope),
acrosome integrity (FITC-PNA), Osmolarity
(Osmometer, Fiske® Micro-Osmometer model
210, Advance Instrument Inc., Massachusetts,
USA) and pH (ConsortC830, Consort,
Turnhout, Belgium) on days 3, 5 and 7 after
storage (semen collection day = day 0). All the
data are presented as Means+SD.

Results and Discussion
The semen qualities are presented in Tables 1-3.

Table 1 Semen qualities on day 3.

Parameters BTS Sperm-B-Fit"1us
Motility 620£115 680130
Viability 762485 70868
Acrosome integrity ~ 89.3+20 90.6+22
Osmolarity 323.8+19 3180435
pH 7.8£02 79402

Table 2 Semen qualities on day 5.

Parameters BTS Sperm-B-FitPl“S
Motility 53.0+115 7004122
Viability 743166 765188
Acrosome integrity =~ 87.3+47 88.8+3.6
Osmolarity 3238439 3224+18
pH 79402 78402
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Table 3 Semen qualities on day 7.

Parameters BTS Sperm-B-Fit'1us
Motility 46.0+£89 700£13.7
Viability 721451 68.6%75
Acrosome integrity 787429 857429
Osmolarity 321.8£19 318640
pH 79101 7702

The present results, especially the progressive
motility, confirmed that BTS is a medium term
extender which is able to preserve the semen
qualities only for 3 days. Considering the
semen qualities (progressive motility, viability
and acrosome integrity) on days 5 and 7 of
Sperm-B-FitFlus, this new extender is considered
as medium or long term extender. Sperm-B-
FitPlus, a short term based extender, comprises
of constituents (i.e. Penicillamine, PEN) which
is able to maintain semen qualities as long as 8
days (semen collection day = day 0). This might
be due to the direct effect of its constituents in
term of inhibiting the lipid peroxidation (2, 3)
and diminishing the quantity of ROS during
the cold storage at 18°C (4).

In conclusion, BTS that was tested in this study
show its ability to preserve boar semen
qualities as declaration by the company. In
addition, a new product, containing PEN
(Sperm-B-FitPlus) is considered as medium or
long term extender.
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Introduction

Nowadays, most of pig farm in Thailand use
fresh semen with a dose 3.0-5.0x10°
spermatozoa per 80-100 ml together with
traditional Al. A major advantage of using
fresh diluted semen is about the constancy of
fertility (i.e. pregnancy rate and farrowing rate)
which is maintained even with low numbers
(1.5-2.0x10°% of spermatozoa in the Al dose
when wusing with post-cervical artificial
insemination (PCAI). However, if the designed
storage time is shorter than 3 days, an extender
of choice should be a short term extender
because this type of extender is not expensive
(approximately 2 US$ per a small bag in Thai
market) and the reproductive outcomes after
storage for 3 days are similar to long term
extender. However, if the pig farmer needs
extender for long distance transportation, long
term semen extenders was considered in order
to maintain the qualities of semen during
preservation at 18°C or lower temperature (1).
Pig farmer sometime reluctance to select which
extender is met with their need. Penicillanmine
(PEN) is a derivative of Penicillin, its D-isomer
is a beneficial form (2). It has been used as
antioxidant, chelating agent and lipid
peroxidation inhibitor in the chilled storage of
hamster, mice, stallion and human semen in
which can maintained progressive motility
after storage at room temperature (3).
Therefore, the aim of this study was to test the
quality of a commercial long semen extender
(Androstar® Plus) that using by the pig farmer
in Thailand and a new product, Sperm-B-
FitPlus, which is formulated at Faculty of
Veterinary Science, Mahidol University by
adding Penicillamine (PEN) at a particular
concentration.

Materials and Methods

Six Duroc boars provided semen of proven
motility (progressive >70%) and morphology
(normal >80%) for this study. After collection,
fresh semen samples were extended with 2
extenders, i.e. Androstar® Plus (Phillips
International Ltd., distributor of Minitube
products in Thailand) and Sperm-B-FitPlus
(formulated by Dr. Kampon Kaeoket) at a dose
of 3.0x10° sperm per 100 ml, kept at 18°C (4)
and investigated for progressive motility
(under phase contrast microscope), viability
(SYBR-14/EthD-1, under fluorescence
microscope), acrosome integrity (FITC-PNA),
Osmolarity ~ (Osmometer, Fiske® Micro-
Osmometer model 210, Advance Instrument
Inc., Massachusetts, USA) and pH
(ConsortC830, Consort, Turnhout, Belgium) on
days 3, 5 and 7 after storage (semen collection
day = day 0). All the data are presented as
Means+SD.

Results and Discussion
The results of semen qualities diluted with
Androstar® Plus and Sperm-B-FitPlus are
presented in Tables 1-3.

Table 1 Semen qualities on day 3.

Parameters Androstar® Sperm-B-
Plus FitPlus

Motility 69.0+143 68.0+13.0

Viability 746192 70.8+6.8

Acrosome 91.043.7 90.6+2.2

integrity

Osmolarity 303.0£7.8 318.0+3.5

pH 7.8+02 79102
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Table 2 Semen qualities on day 5.

Parameters Androstar® Plus  Sperm-B-FitPlus
Motility 76.0+4.2 700£122
Viability 755148 765£88
Acrosome integrity 90.3+29 888136
Osmolarity 3020431 3224418
rH 77x01 78+02

Table 3 Semen qualities on day 7.

Parameters Androstar® Plus  Sperm-B-FitPlss
Motility 73067 700£13.7
Viability 731+51 686175
Acrosome integrity 85.7+20 857429
Osmolarity 2972405 318.614.0
pH 76102 77402

The present results confirmed that Androstar®
plus is a long term boar semen extender, and
Sperm-B-FitPlus is also considered as a long
term boar semen extender. This was supported
by its ability to maintain semen qualities such
as progressive motility, viability and acrosome
integrity as long as 8 days (semen collection
day = day 0) of storage at 18°C. In agreement
with Aitken (3), semen extender that contained
PEN can diminish lipid peroxidation and
improve the qualities of semen during cold
storage. This might be due to the direct effect of
its constituents (i.e. PEN) in term of inhibiting
the lipid peroxidation and diminishing the
quantity of ROS during the cold storage as can
be confirm by the level of MDA, T-AOC and
SOD in the supernatant of extender (presented
elsewhere). The semen qualities result of
Sperm-B-FitFlus is comparable with that result of
Androstar® plus, even though the latter semen
extender contained BSA (lipid peroxidation
inhibitor) and L-cysteine (active antioxidant).
With this regards, for commercial purpose,
Sperm-B-Fit'lus has a lower cost for production
(approximately 1.5 US$ per a small bag).

In conclusion, Sperm-B-Fitflus, a new product,
containing PEN at a particular concentration is
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able to preserve boar semen qualities as long as
8 days of storage, which comparable to a
commercial long term boar semen extender,
Androstar® plus.
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Introduction

Nowadays, most of pig farm use the fresh
semen with 3-5x10° spermatozoa per 80-100 ml.
A major advantage of using fresh or chilled
semen is about the stability of sperm fertility
which is maintained even with low numbers of
spermatozoa in the Al dose. However, if the
planned storage time is shorter than 72 hours, it
would be preferable to wuse short term
extenders because this type of extender is less
expensive and the reproductive outcomes
within 3 days are similar to long term extender.
For long distance transportation, long or
medium term semen extenders were
considered for semen preservation. Farmer
sometime reluctance to select which extender is
suited with their need. Boar spermatozoa, its
plasma membrane comprises of rather high
levels of polyunsaturated fatty acid (PUFAs)
which decreased dramatically when the
spermatozoa are attacked by reactive oxygen
species (ROS) due to lipid peroxidation during
cold storage and after freezing (1, 2).
Penicillanmine (PEN) is a derivative of
Penicillin; its D-isomer is a beneficial form (3).
It has been used as antioxidant, chelating agent
and lipid peroxidation inhibitor in the chilled
storage of stallion and human semen in which
can maintained progressive motility after
storage at room temperature (Aitken).
Therefore, the aim of this study was to test the
quality of a new product Sperm-B-FitPlus, which
contained PEN as a lipid inhibitor by using
antioxidant activities as a measure parameter.

Materials and Methods
Six boars provided semen of proven motility
and morphology for this study. After
collection, fresh semen samples were extended

with a medium/long term semen extender,
Sperm-B- FitPlus (formulated by Dr. Kampon
Kaeoket) at a dose of 3x10° sperm /100 ml, kept
at 18°C (4) and investigated for progressive
motility (under phase contrast microscope),
viability (SYBR-14/EthD-1, under fluorescence
microscope), acrosome integrity (FITC-PNA) as
well as antioxidant activities such as the levels
of T-AOC and MDA (5) on days 0, 3, 5, 7 after
storage (semen collection day = day 0). The
supernatant of diluted semen was collected by
centrifugation at 2,000 rpm for 10 min, and kept
in -20°C until enzyme analyses. The enzymatic
activities of T-AOC and MDA were determined
with a spectrophotometric method using T-
AOC assay kit and MDA kit (Nanjing
Jiancheng Biological Engineering Research
Institute, Jiangsu, China) as follows;

Total anti-oxidative capability (T-AOC): TOAC
was measured using TAOC assay kit (Biology
Institute of Nanjing Jianchen, Jiangsu, China)
according to the manufacturer’s instruction.
Organism contains various antioxidative
compounds which can reduce Fe3+ to Fe2+,
Fe2+ can react with phenanthrolin to produce
stable complex. It was able to calculate T-AOC
by measuring OD values. The T-AOC activity
was measured at 520 nm on the
spectrophotometer (Shanghai Spectrophoto-
meter Co. Ltd., China). Total T-AOC activity of
each sample was converted into units per ml of
supernatant (U/ml).

Membrane lipid peroxidation: Membrane lipid
peroxidation was estimated by the end point
generation of malondialdehyde (MDA), the
MDA content was analyzed with 2-
thiobarbituric acid, monitoring the change of
absorbance at 532 nm with the spectrophoto-
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meter according to the instructions of the MDA
test kit (Biology Institute of Nanjing Jianchen,
Jiangsu, China). The spermatozoa samples
MDA levels were expressed as nmol per ml of
supernatant (nmol/ml).

Superoxide dismutase (SOD): The SOD activity
was measured using an SOD assay kit (Biology
Institute of Nanjing Jianchen, Jiangsu, China)
according to the manufacturer’s instruction.
The SOD activity was measured at 560 nm on
the spectrophotometer (SPECTRONIC® 20
GENESYSTM, Spectrum Chemical Mfg. Corp.,
USA). Total SOD activity of each sample was
converted into units per ml of supernatant
(U/ml).

Glutathione peroxidase (GSH-Px): The GSH-Px
activity was determined using GSH-Px assay
kit (Biology Institute of Nanjing Jianchen,
Jiangsu, China) according  to  the
manufacturer’s  instruction. The GSH-Px
activity was measured at 412 nm on the
spectrophotometer. Total GSH-Px activity of
each sample was converted into units per ml of
supernatant (U/ml).

Statistical analysis: Pearson’s correlation among
semen qualities (i.e. progressive motility,
viability and acrosome integrity), MDA levels
and T-AOC

Results and Discussion

The selected results of Pearson’s correlation
among levels of T-AOC, MDA and semen
qualities are presented in Tables 1 and 2. A
negative correlation between PEN
concentration and viability was found on day 5
(r=0.49, P=0.04) and 7 (r=0.48, P=04). A
positive correlation between PEN concentration
and MDA was found on day 7 (r=0.56, P=0.01).
In addition, a tendency (r=0.44, P=0.06) of
positive  correlation between progressive
motility on day 5 and viability on the same day
was also found.

The present results confirmed that there are
negative and positive correlation among semen
qualities and antioxidant activities (i.e. T-AOC

This might be due to the fact that its
constituents, PEN, with its function as
antioxidant and lipid peroxidation inhibitor (1,
3), and may be in part, diminishing the
quantity of ROS during the cold storage. The
results of Pearson’s correlation, particular a
tendency of negative correlation between MDA
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levels and viability (i.e. a lower level of MDA in
the diluted semen resulted in a higher viability
of spermatozoa), confirm that the semen
qualities such as viability is also depended on
the concentration of PEN used in the study.
This means that the particular amount of PEN
is needed to achieve an optimal viability and
also progressive motility during cold storage of
boar semen.

Table 1 Correlation among semen qualities, T-
AOC and MDA levels (P-value).

Parameters T-AOC T-AOC T-AOC
day 3 day 5 day 7

Motility day 5 -40.7(0.09)

Motility day 7 -53.0(0.02)

Viability day 3 0.58(0.01)

Acrosome -0.51(0.03)

integrity day 5

Acrosome 0.40(0.1)

integrity day 7

MDA day 7 0.51(0.03)

In conclusion, the present results show that
there is a correlation among semen qualities
and the level of MDA and T-AOC, particularly,
the level of MDA and the viability of
spermatozoa during storage.
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Content
The present study aimed to develop long term fresh boar semen extender by adding

Penicillamine (PEN) into BTS based extender. Semen were collected from 6 boars, diluted at a
concentration 3x10° spermatozoa;100 ml and allocated into 8 groups as follows: BTS, Merck
I1I, Androstar® plus, PEN 0.125, PEN 0.25, PEN 0.5, PEN 1.0, PEN 2.0 mM. All extended

semen samples were stored under 18°C, and were evaluated for progressive motility, viability,

acrosome integrity, pH and osmolality on days 0, 1, 3, 5and 7. On days 0, 1 and 3 of storage,
there were no statistically significant differences in all parameters among extenders. On day 5,
semen diluted with PEN at a concentration of 0.25 mM and Androstar®Plus were able to
maintain progressive motility up to 70.0% and 76.0%, respectively (P<0.01). On day 7, semen
diluted with PEN at a concentration of 0.25 mM maintained progressive motility (70.0%) and
acrosome integrity (85.7%) which comparable to long term semen extenders (Androstar®Plus)
(P<0.01). In conclusion, adding PEN at a concentration of 0.25 mM in BTS based extender is

the optimal concentration for preservation of fresh boar semen for 7 days at 18 °C.

Keywords: Antioxidant, boar, Penicillamine, semen extender
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Introduction

Artificial insemination (Al in pig industry is widely performed throughout the world (Gadea,
2003). This technique is low cost, easily management and diminish transmission of many
venereal diseases in pig farm. One of the importance processes of Al include a dilution of fresh
boar semen in semen extender. The commercially available semen extenders can be divided
into three major groups such as short-term (less than 3 days), medium-term (less than 5 days)
and long term (less than 7 days) extenders. After dilution, the diluted semen can be stored at 15-
20°C, which can reduce sperm metabolic activity. Semen extender also provide nutrients

needed for the metabolic maintenance of sperm, controlling osmotic pressure, pH buffering,

ion for membrane and cell balance and also antibiotics to prevent bacterial growth (Gadea,
2003; Knox et al, 2008; Mapeka et al, 2012). Boar sperm plasma membrane consists of high
levels of polyunsaturated fatty acid (PUFAs) in which decrease dramatically when the
spermatozoa are attacked by reactive oxygen species (ROS) due to lipid peroxidation during
cold storage (Sikka et al, 1995). It is well known that antioxidants had beneficial effects on

sperm quality during cold storage including decreasing detrimental effect of ROS on sperm
plasma membrane leading to increased sperm survival rate and acceptable sperm qualities after

preservation (Funahashi and Sano, 2005).

Penicillanmine (PEN) is a derivative of Penicillin; its D-isomer is a useful form (Wang
et al. 2015). In human medicine, PEN is an anti-rheumatic drug for treating rheumatoid arthritis
which can reduce level of some heavy metal agent in such as Copper (Cuy, Iron (Fe), Lead (Pb),
Zinc (Zny and many free radical (Kazemi et al, 2008). Recently, it has been used as antioxidant

in the chilled storage of hamster, mice, stallion and human semen in which can maintained

progressive motility of stallion semen up to 50 after storage for 8 days at room temperature
(Aitken et al, 2012). In addition, it has also been reported that adding PEN in the freezing

extender during cryopreservation of bull semen yielded a higher percentage of progressive

motility in the treatment than that of control (Person et al, 2007). Aitken et al. (2012) proposed
that PEN may act as antioxidant by binding with 4-HNE, end product of lipid peroxidation that

able to activate ROS generation, before they bind with sperm protein, thereby neutralizing their
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ability to disrupt motility. Consequently, PEN can significantly enhance sperm motility and
viability. These can be hypothesized that PEN with its antioxidant activity as described by
Aitken et al.(2012) can be used as an antioxidant in semen extender and may improve the quality
of cold storage boar semen. However, no study has been reported about the effect of PEN on
the quality of cold storage boar semen. Therefore, the aim of this study was to investigate the

optimal concentration of PEN for adding into BTS based extender for storage of boar semen at
18°C.

Materials and Methods
This research project was approved by the Faculty of Veterinary Science-Animal Care and Use

Committee (FVS-ACUC-Protocol No. MUVS-2015-09)

Animals

Altogether 6 boars (two Pietrain boars, two Pietrain x hampshire boars, two Pietrain x duroc)
varied in age (between 2-7 years). The boars were housed in the closed house system with
individual pens. Each boar has been used for artificial insemination routine every 3-4 months

and fed with commercial diet twice daily along with ad libitum water via water nipple.

Semen collection

Semen from each boar was collected by using gloved-handed method. During collection
method, semen was filtered by gauze only sperm rich fractions was collected), after collection,
semen volume, pH, sperm motility and concentration were determined. Only ejaculates with
motility of [170% and morphology [180% were used. Semen was diluted with each Extender
(3x109spermatozoas; 100mly. Then storage it in Plastic artificial insemination bottles at a

temperature of 18 °C for 8 days and evaluated this semen at 0, 1, 3, 5 and 7 days

Extenders

Each semen sample was diluted with different extenders as earlier described by Kaeoket et al.
(2010) and was further divided into 8 groups as follows: first 3 groups served as control
commercial extenders consist of BTS (short term extender, Minitibe GmbH & CO. KG,

Tiefenach, Germany), Merck-1I® (medium term extender, Minitibe GmbH & CO. KG,
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Tiefenach, Germany), Androstar®Plus (long term extender, Minitibe GmbH & CO. KG,
Tiefenach, Germany). Other 5 groups served as treatment groups in which were diluted with
BTS based extender and supplemented with different concentrations of PEN at 0.125, 0.25, 0.5,

1and 2 mM.

Sperm Evaluation
Preparation of distilled water and dilute solution at 37 © C about one hour before used. Then,

place the container of diluted semen in a water bath for heated a temperature to 37°C about 30

minutes before used.

Sperm progressive motility

The percentage progressive motility of spermatozoa was evaluated by the same person
throughout experiment under phase contrast microscope at 100x 200x and 400x magnification
(Chanapiwat and Kaeoket 2015).

Osmolarity and pH measurement

The pH parameter was assessed by using pH meter (ConsortC830, Consort, Turnhout, Belgium)
A range should be not lower than 6.5 (Newth et al., 1999). Osmolarity of this semen was
evaluated by using a single-sample osmometer (Fiske®Micro-Osmometer model 210, Advance

Instrument Inc., Massachusetts, USA) (Kaeoket et al. 2010h).

Sperm viability (Sperm plasma membrane integrity)

The assessment of sperm viability was evaluated by using SYBR-14/Ethidiumhomodimer-1
and the ten microliters of diluted spermatozoa were mixing with 2.7 ul of the SYBR-14 solution
and 10 pl of EthD-1 to estimate the viability after the 15 minutes of incubation at 37°C. A 200
spermatozoa were assessed under fluorescence 400x microscope. Spermatozoa were separated
into 2 types as lived sperm (stained green) and dead sperm (stained red). The results were
expressed by the percentage of lived sperm accordingly (Kaeoket et al. 2012).

Sperm acrosome integrity

Using 10 pl of the diluted semen solution mixed with 10 ul of Ethidium- homodimer-1 and

fluorescein isothiocyanate- labeled peanut (Arachishypogaea) agglutinin (FITC-PNA) and
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incubated at 37°C for 15 minutes then dropping the semen amount Sul of the mixture and

smeared on a glass slide, fixed with 95« ethanol for 30 second. Then incubation in 4°C moist
chamber 30 minutes after spreading over the slide by 50 ul FitC-PNA (dilute Fit C-PNA with
PBS 1:10 viv) (Kaeoket et al. 2010a; Chanapiwat et al. 2009). Next process were rinsed with cold
PBS and air dried before evaluation. Two hundred spermatozoa were assessed under
fluorescent microscope at 1000x magnification and classified as intact acrosome and non-intact

acrosome. The results were scored as the percentage of intact acrosome of spermatozoa.

Statistical analyses
The statistical analysis was made using the Statistical Analysis System software package. Data

from the evaluation of sperm qualities were analyzed by using the general linear model (SPSS
220, SPSS Inc, Chicago, IL, USA) and expressed as mean + SD. The treatment groups and the

day were modeled according to the Factorial Experiments in Complete Randomized Design

(CRD). The effects of treatments on parameters were analyzed by using the Analysis of variance
(ANOVA,) in GLM. When the difference of value parameter were significant it was defined as
P <0.05.

Results
The percentage of progressive motility, viability and acrosome integrity on days 0, 1, 3, 5 and

7 are presented in Tables 1-5. The means of osmolality and pH are also presented in Tables 1-
5. Most semen qualities on days 0 and 1 are in a normal range (Tables 1 and 2).

On day 3 (Table 3), comparing all treatment groups, there were no statistically significant
differences in all parameters among extenders.

On day 5 (Table 4), comparing all treatment groups, PEN 0.25 mM treated group had a
significant higher percentage of progressive motility (70.0%) than the other groups, but not differ
from long term extender (Androstar®Plus) (P< 0.05).

On day 7 (Table 5), there were only 2 extenders that showed a progressive motility of more
than 70%, ie. PEN 025 mM (70.0%) and Androstar®Plus (73.0%) which had statistically

significant differences from the other groups. These 2 extenders also had a higher percentage
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of acrosome integrity than other groups (Androstar®Plus- 85.7% and Pennicillamine 0.25 mM
treated group =85.7%) (P<0.05).

For the percentage of viability, there was no significant difference among groups (Tables 1.5)

Discussion

In this study, we compare eight extenders with parameter such as progressive motility, viability
and acrosome integrity of boar sperm during storage for 7 days at 18 °C. The present results
clearly show that the supplement of PEN at a concentration of 0.25 mM was able to maintain
sperm motility and acrosome integrity up to 7 days with comparable to long term extender (.e.
Androstar®Plus). This is in agreement with earlier reported by Aitken et al. (2012) in that PEN
can maintained progressive motility of stallion semen up to 50+ after storage for 8 days at room
temperature. Reasonably, BTS and Merck-111 maintained the semen qualities up to 3 days as
claimed by a manufacturer. It has long been known that excessive ROS formation by sperm

metabolism during cold storage has been associated with damaging plasma membrane and

consequently reducing sperm motility de Lamirande et al, 1997; Guthrie et al, 2002;
Kumaresan et al, 2009). In addition, ROS induce lipid peroxidation is related with the
generation of electrophilic cytotoxic aldehydes such as 4-hydroxynonenal 4HNE) Jones et al,
1979; Diezel et al, 1980; Aitken et al, 2012). Electrophilic cytotoxic aldehydes are binding

protein thiols that regulate sperm movement so the sperm are loss motility and positive
feedback of ROS generation (Alvarez et al, 1987; Aitken and Curry, 2011). Aitken et al. (2012)

proposed that PEN may act as antioxidant by binding with 4-HNE, end product of lipid

peroxidation that able to activate ROS generation, before they bind with sperm protein, thereby

neutralizing their ability to disrupt motility. This may explained the significantly enhance boar

sperm progressive motility and viability during cold storage at 18 °C for 7 days in the present

study. In conclusion, adding PEN at a concentration of 0.25 mM in BTS based extender is the

optimal concentration for preservation of fresh boar semen for 7 days at 18 °C.
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Table 1. The mean +SD) percentages of progressive motility, viability, acrosome integrity, osmolarity and pH and of 8 extenders on day 0 (n-6)

Parameters BTS Merck-111 Androstar® PENO0.125 PEN 0.25 PENOS5 PEN10O PEN20
Plus
Progressive motility 720+ 261 640+253 7601248 700190 700187 630+ 234 650218 540+219
Viability 769+47 676+93 720+ 46 705+ 102 754+55 678145 706+98 634127
Acrosome integrity 932+23 892178 911+29 911+06 898+34 92427 913+17 923+27
Osmolarity 3230+ 30 3634+ 152 3028+6.3 323645 3366+ 182 3280+ 80 327072 3336156
pH 80x02 80x02 78x+02 7818 7801 78+02 79+01 79+£01
2
3
Values followed by different alphabets within the same row against each parameter were significantly different (P<0.01)
5
6
Table 2. The mean *SD) percentages of progressive motility, viability, acrosome integrity, osmolarity and pH and of 8 extenders on day 1 (n-6)
8
Parameters BTS Merck-111 Androstar® PEN0.125 PEN0.25 PEN 05 PEN 10 PEN20
Plus
Progressive motility 730+91 710+192 840+89 720+182 730199 73.0+£186 670+ 76 640+192
Viability 688 +108 639+63 671194 711+64 656 £ 6.7 625+53 66.3+40 65.7+96
Acrosome integrity 910+27 891+41 870+22 915+37 925+ 24 918+22 902+28 874+33
Osmolarity 3264+44 3604+26 3096+78 3264+44 3250+80 3210+26 3272+43 3246%65
pH 80+01 80+02 79+02 79+01 79+02 79101 79402 784+02

9

11

VHues followed by different alphabets within the same row against each parameter were significantly different (P<0.01)
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1
2

3
Table 3. The mean +SD) percentages of progressive motility, viability, acrosome integrity, osmolarity and pH and of 8 extenders on day 3 (n-6)
5

Parameter BTS Merck-111 Androstar®  PEN0.125 PEN 0.25 PEN05 PEN10 PEN 20
Plus
Progressive motility 620+£115 550+154 690+143 690+124 680+130 670+144 630%£120 560%156
Viability 762+85 707+£60 746+£92 741+84 708+68 702+£50 709+46 725191
Acrosome integrity 89320 893+42 910+£37 905+27 906+22 922+21 898124 882+42
Osmolarity 3238+19 3580+75 3030+78 3200+58 3180+35 3206+57 3210+26 3246x18
pH 78+02 81+02 78+02 78+01 79102 79101 79101 78102

6
Values followed by different alphabets within the same row against each parameter were significantly different (P<0.01)

8

9
THble 4. The mean +SD) percentages of progressive motility, viability, acrosome integrity, osmolarity and pH and of 8 extenders on day 5 (n-6)

Parameter BTS Merck-111 Androstar® PEN0.125 PEN 0.25 PENO5 PEN10 PEN 20
Plus
Progressive motility 530+ 115° 470+120° 760+42% 630+148% 700+122% 630+110% 590+89° 480+ 148°
Viability 743 +66 716+85 755+48 73077 765+ 88 721+82 690+55 696+49

Acrosome integrity 87347 884+51 903+29 8925+ 14 88.8+36 890+838 888+20 875+29
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Osmolarity 3238+£39 3580+42 3020+31 3298%54 3224+18 3228+34  3238+36 3230+26
pH 79+02 80+£01 77301 786+01 78102 77104 78+02 77+£02
1
2
Vdues followed by different alphabets within the same row against each parameter were significantly different (P<0.01)
4
5
6
Table 5. The mean +SD) percentages of progressive motility, viability, acrosome integrity, osmolarity and pH and of 8 extenders on day 7 (n-6)
8
Parameter BTS Merck-I11 Androstar® PEN 0.125 PEN0.25 PENOS5 PEN10O PEN20
Plus
Progressive motility 460+ 89 440+ 16.7° 730x6.72 63.0 + 14.4%® 700+ 1372 570+ 148% 500+106™ 490+ 129
Viability 721+51 695+30 731+51 683+65 686+ 75 673+6.2 642+ 55 61374
Acrosome integrity 787+29° 789+23° 857 +£20% 816+ 3.0 85.7+29? 816+ 33 837 + 24 788+ 23°
Osmolarity 3218+19 356.0+35 2972+ 05 3204+ 54 318640 3228+ 46 3212+£50 3250+£53
pH 79+01 78+01 762+02 77+01 77+£02 77202 77+£01 773+x02
9
VHues followed by different alphabets within the same row against each parameter were significantly different (P<0.01)
11
12
13
14
15
16
17

18
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