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Abstract

Artificial insemination (Al) is nowadays widely used in the swine industry
worldwide. Approximately 99% of the Al was performed by using extended fresh semen,
while 1% of frozen-thawed (FT) boar semen is used. The objective of the present study
was to develop and modify the semen extenders used for cryopreservation of boar
semen, to investigate the optimal insemination technique for Al using FT semen and to
evaluate in vivo fertility results of the sows after insemination using FT boar semen. The
experiment was conducted in a commercial swine herd. Semen was collected from
mature boars routinely used for artificial insemination. Good quality semen were
cryopreserved and evaluated for post-thawed sperm qualities. The semen with post-
thawed motility of >40% were kept in the semen bank and were used for Al. Thirty
three Landrace sows with a normal farrowing and weaning were inseminated using FT
semen compared with 36 control sows, inseminated using conventional extended fresh
semen. Both groups were inseminated using IUl procedure. The time of ovulation was
determined by monitoring the appearance of the follicles using transrectal real time B-
mode ultrasonography. Post-thawed semen qualities, conception rate (24 d non-return
rate), farrowing rate (FR), total number of piglets born/liter (TB) and number of piglets
born alive/litter (BA) were analyzed. It was found that the individual motility of the FT
semen used for IUl was on average 47.6%. The interval from onset of estrus to
ovulation (EOI) was 43.0+4.9 h and interval from hCG injection to ovulation (HOI) was
36.4+3.7 h. The interval between the latest insemination and ovulation (10I) was 4.0£4.9
h. The sows inseminated with extended fresh semen tended to have a-12.9% higher
conception rate compared with sows inseminated with FT semen (P=0.12). The FR, TB
and BA were not significantly different between sows inseminated with extended fresh
semen and sows inseminated with FT semen (P>0.05). The present study
demonstrated that Al using FT boar semen has been established for the first time in a
swine commercial herd in Thailand and a reasonable fertility results were obtained. The
cryopreservation protocol and the insemination technique demonstrated in the present

study could be modified and used in other commercial swine herds.

Keywords: Pig Reproduction Artificial insemination Frozen semen
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NUNIWITIMNIINNLNYIV DY

LN

ﬂ%ﬁ;u"umiwamﬁwiﬁﬁwmﬁuwmﬂﬁm@ qumm%mmﬂﬁwﬁmqmﬁ"ﬂaﬂ
LﬁaamﬂmwamLﬁﬂuﬁﬂﬁl,ﬁ@mimama@w”u‘gﬂsmvl,ﬂvlﬁaﬂwimﬁa uaslausInmw
NMIFURUTANTMIBLYIAUNIHENNUTULLDTINTIA  (Flowers and Esbenshade,
1993; Almond, 1998; Weitze, 2000; Singleton, 2001) lagdassidnarldnisuauiiioy
lugnilsznnw dszneudis qunwuedegd qunwzasgnawaliis Lianluns
NEULAEN Laz InakanINauLiey (Soede et al., 1995; Nissen et al., 1997; Tummaruk
et al., 2000) addl3naNaN3I986199 Tus9 10 ﬁﬁmumm%'hmwamﬁwqﬂmuu
ﬂﬂﬁﬁlﬂuﬂaﬁ;ﬁuﬁfmﬁﬂ'ﬂ"l,sjmm:auﬁﬁ]ﬂ%ﬁ'uL%aaqﬁqmﬁﬁga@hga wardANBaULE
LT fi:wL%awaw”ufﬁﬁ%%mn@mﬂi:mﬁ Widafrwnsutuds uwastiBafidiunnsaa
LENLNE msmﬁmLﬁ&lmmulmﬁavl,ﬁgﬂw?umﬁu Imﬂﬁ%miaa@ﬂamuﬂamgmﬁaﬁw
ﬁ%%avlﬂﬂaiauﬁlu@‘i’amgﬂ 138N “intrauterine insemination” (IU1) #3aaaarwlUands
sauduvasdnuagn 13und1 “deep intrauterine insemination” (DIUI) laglidasyinnis
N1 @ ﬂq;t]ﬁg‘ﬂumﬂIuIaﬁmswamﬁwqmvﬁa 2 5% Idsudnmsindnanndnadszine uas
L‘%‘lmmmlﬁq@1muﬂsimmiw§mqﬂﬂuﬂi:mﬂ"lmsJLLa”’;

Tugne 2-3 Dfiewan miwamﬁwqm@hm{wL%aLL°ﬁLL°ﬁ<1ﬁmiw‘"@umuaﬂﬁmﬂu
gasmnIIIMInGagnIatemadiluansgainn uazylsy (Eriksson, 2000; Roca,
2006) luL‘Baqmm%mmmswﬁmqmﬁaUﬁ’]L%ﬂLLﬁLLio ludsznalnogisnadsnnn
LﬁaamﬂmmiaHaﬁugﬁuﬁ'lﬁmﬂj”aﬂum:mumwﬁmwg\mm MITuaouLaznaiians
HAA  AUDUNARANIHIURLE lsdasionmsingna luladmaitannangdszine
YIRUA Lﬁaaﬁnﬂmmmmﬂ'@mﬁmmﬁaomsﬁnL?Tﬂﬁ']L°'§aw'aw”ufqma'm@mﬂszmmﬁa
1°ﬁw°'@umw°'uﬁqmiu°uadqﬂﬂuﬂi:mﬂvl'ﬂﬂlﬁﬁﬁ'ﬂﬂmwmiwﬁem”@Lﬁﬂmmzmmimmm”u
AuasUszine e

m‘sl,a%mwmaq%mﬂ‘luﬁamaLa%szuuﬁuﬁuﬁ:mmﬁﬂ
I@]Uﬂﬂaﬂ’ﬁwa&lLﬁU&lﬁ!ﬂiLL@iﬂ:ﬂ%ﬁ]ﬂ‘fﬁﬂL%ﬂﬁ@Lﬁaﬁ]’]dﬁlﬁaqﬁ 2,000-5,000 811
¢ ludSunas 80-100 Jaddas LLa:miwﬁmLﬁyuI@uﬂnaa:ﬂa’ayﬁ%%anwluﬂam@ﬂ
Geflanuenlszanm 1520 1 TuAlNas mi"wmifuaqﬁﬁazlﬁumwiaiﬂﬂ'&é’auﬂgﬂ%ﬁﬁ
ALY 5 LTUALNGT Lm:@iavlﬂﬂ'of]nmgn%u@a:ﬁwﬁmmamﬂszmm 90-140
LTUALUAT m”aaq%uﬁumﬂﬂwﬁaiawiaizmﬁaﬁﬂmgmmzﬂaﬁﬂﬁ (Utero-tubal

junction, UTJ) malunanldfudl vinaikiSunduduwnsdanniivagd (sperm reservoir)
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(gfl.l‘ﬁl 1) (Hunter, 1990; Rodriguez-Martinez et al., 2001; Tummaruk and Tienthai, 2009)
winfluas sperm reservoir Ao Lﬂuﬁﬂvﬂmaaaqﬁﬁéammiﬂﬂﬂ'wiaﬁwvlﬂ IATUSu ™
ﬁaﬂaaLﬁaﬂaaﬁ'umﬂﬁ@ma:vhigﬂwmﬂ@]an%‘imﬂﬂ'h 2 @1 (polyspermia) T28lun15¥in
IWaglagluszuzwioudfaus (capacitation) uaz teliagd fT3aemwutn waztloan
Lmaﬁmaﬁzuunﬂﬁﬁuﬁuﬁlﬁﬁﬁmﬂaq%ﬁ aqﬁ%:saaéﬁu‘%nm UTJ aunsenafianisan'ls
(Hunter, 1990; Rodriguez-Martinez et al., 2001) %a”ammfuaqﬁa:gﬂﬂdaﬂ‘lﬁl,ﬁwvlﬂﬂ'wia
ilanndn LL@iaaiw"l,iﬁﬁaqﬁﬁmmmLﬁumaN"mviaﬁ'lvlfﬁlﬁaLﬂTﬁ"lﬂwaurTu"L?ivl@ﬁfuﬁ
Frwamiasninswuingudnluuin Mouru et al. (1996) WU ﬁﬁ‘hmuaqﬁﬁﬁum
UTJ tWesdszanas 10,000 19 20,000 @7 wasAUSIIoh ﬁaﬂﬂﬂdmdwwuaqﬁ wosnIn
1,000 62 Iumm:ﬁmiqm@ﬂvhiLLa:ﬁaqﬁLﬁm%ﬁdé’awhifm:ﬁianwavlﬁwauﬁ'uvhi%ﬁﬂu

Tumskaufsunuuasd (conventional Al) Wb agaszunm 3,000 éﬁugﬂwau LWL
Uszanm  25-40% Qﬂmgﬂﬁué”maﬂmuaﬂiwmwé’omﬂwaumﬂlu 2 Tluens
(Steverink et al., 1998; Matthijs et al., 2003) agddnuAni1 50% a:gmﬁuﬁﬂ@maa‘
°11aaizuugﬁﬁwﬁwao‘mmﬂﬂwlumgn%ﬁhmwauLﬁwﬂszmm 1 Flug (Woelders
and Matthijs, 2001) Lm:aqﬁmuﬁmﬁa ﬁ]:muagjmman%ﬁwamamﬁﬂ %%Q@T’Ju@lﬁﬂ
(Matthijs et al., 2003) LLazmamme@L?Tﬁvlﬂluﬁaaﬁaa @‘i’ﬂfm:mﬁaaqﬁﬁmhjﬁa 5%
fiflanumansnfzwanlded USms UTY (Mburu et al, 1996; Rodriquez-Martinez et
al., 2005)

51]71 1 miﬂiwﬁnﬂ@lwadaaﬁﬂuwaumma\‘mamvlm (an epithelial crypts of the utero-

tubal junction) madLLuqﬂ‘im’Jm 24 mim'ﬂmmiwaumw SP=Spermatozoa, RBC=Red
blood cell, E=Epithelium, S=Subepithelium (a) 100x magnification (b) 400x
magnification. H&E stained. (‘ﬁm: Tummaruk and Tienthai, 2009)
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mmﬁuﬁmfu%aqns (Cryopreservation of boar semen)
miwamﬁw@”ﬁuf:%%aLLﬁLLﬁdﬁﬁ%%’Uﬁgmﬁﬂéﬁﬁwmathdmm?ﬂu%mﬂﬂi:mﬁ

ﬁgﬂuqkﬂ ALNIN LazaawLaILaY (Eriksson, 2000) f@qﬂxm@ﬂumm”@umﬁ%%LL°ﬁLL°ﬁ<1
fWILENS ﬁaLﬁaLﬁuw"'u'gmimaaWaqnsﬁﬁé’nmmzﬁ waznIzIENUINIIN IdazAINLAL
PaIniese  aatesfalunsuussingareningssna athilandegdvasgns
wRIFNWMSUTUT I asanuautss antaussdsanInaNiad  (Eriksson  and
Rodriguez-Martinez, 2000) ﬂq%yml,ﬁ@mﬂ%mmmm@; laun aqﬁqmﬁ‘[mm%wao%u
vlmuvuﬁﬁaLﬂja@mﬁnﬂaaﬁmacfl,ﬂLLazﬁmm"h@iamivﬂﬁumMawmaqm%nﬂﬁmn (Johnson
et al, 2000) vaaa@msﬁgﬁﬁL%aﬁaﬁf%msmsﬁ;ﬁ%%aa%m%’ummamﬁumiauﬁnuq'amn
Lﬁaamﬂqmﬁaawamﬁmmﬁﬂaqﬁﬁiwmumﬂ@iaﬂ% mﬂ%ﬂaa@m‘sqﬁ’nﬁamm@lmg
(maxi straw wwa 5 wa.) vhldanudunszanslaviafs IRV M eREERHERHRIEE
MIWaaaumIaLen (wa 0.5 wa.) rlnsnanligzainuazdaslsnaionasaluns
NRULARZASS milgmIvssuunidaszaindudnisininanomerildonuazilonms
foutaleine ﬁﬂﬁmsmsqﬁ%ﬁal,mlﬂaﬂ'uﬂuﬁaaﬁﬁaaﬁwmi’ﬁmaam@ial,ﬁaaagj
Eriksson and Rodriguez-Martinez (2000) WUINA3MEWaaaANARANLUL (Flatpact) tana
ﬂ'auinﬁlummﬁwﬁaﬁﬁL%aqﬂﬂuﬂ?mmum wenanitsasnlunsusudoindouss
ﬁwazmUﬁfu,%aﬁﬁmmﬁm”ty@iaé'm’]mssamaoaqﬁ maanmansuditiinwllazvinldg

LAANANELT I L hlaNIn LLaz@Taaﬁmiﬂaaﬁ'umit.ﬁ@Nﬁﬂﬁmvﬁdﬁuaqﬁﬁaﬂ NILTHD S
¥ & AA o L& o a = i
WisagnIndaanniausuds 30 °Cui uazdl Glycerol 3% luraaaauia 0.5 ua. (Fiser

and Fairfull, 1990) %38 50 °C/wi uazdl Glycerol 1.5% (0.2 M) lunaaawmia 0.25 Na.
(Woelders and Den Besten, 1993) wuinldwad atelsndnisutudsingagnilu
Aa 4 x> L & Al X
naaauITINdvmalngjiuaislddasnisusudfidnauaz Glycerol 8 i (Pursel and
Park, 1985) lunszuiunmausudsegignanuirdududasiinalunislivdrvesesinau
WL miﬁaaqﬁﬁqmwgﬁ 15 °C w1 1-5 fﬂmﬁauﬁwmia@qm%gﬁaw‘hﬂiw 15 °C
NitNaaan1sialmwi cold shock za1zN1IWNHLTBNIT Holding time (HT) (Eriksson,
2000)

msﬁ'ﬁummﬂﬁﬂmsﬂamﬁﬂmﬁ‘mf'n%yaqniuﬁuﬁa
Lﬁaamﬂmm@;ﬁ&ﬁqnmé’qm:mumiLLﬂiLL?‘foﬂ'au%aa’auLLa wazn gl
YSuatasinazainuas ldnadnin ﬁoﬁmm‘wmmwiummamﬁﬂuqm@hU‘L{WL%EJ
ﬂ%mmﬁaULﬂiamﬂﬁﬁwL%ﬂgﬂmmﬁqaﬂwoﬁﬂs:ﬁw%mw HwANTIuEInaInIIHEN
Lﬁwqméﬁaqﬁﬁaagﬂmudamﬂﬂamgm}uﬁaﬁaﬁﬂﬂffjaﬁswzmﬂﬂa lWagduun
N1 90% g:n’yLﬁyﬁnﬂm:mumﬂﬁuﬁmaaLéﬁa (phagocytosis) Aaudisriatily (Mburu et
al., 1996; Stervink et al., 1998) uaﬂﬁnﬂf:mil,l,mﬁaﬁﬂﬁaq%auiwéauuauauﬁ@
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AITUIUNNT capacitation AaudnaTIvinlAanadeniniugesa (Eriksson and Rodriguez-
Martinez, 2000; Eriksson et al., 2002) Martinez LazAme (2002) aWMMIITMIHRNLALY
laglavugadn luluuegnudgnilaslidaslditnisnda (deep intrauterine
insemination, DIUI) lagldvianlassaldnaanuuuiduniay oniUszunos 180 Loudluas
A v 1 6 a A & dl 1 1 Z’ Jl’ dl
uwazlidurnuaudnans 0.4 dafiwas Gsmnansnfazseanunauagn uwazllisastiuga
asuInadnduzasdnuagn lapITmsitaansnfazuanlanldingeniegiiios 150
fualda lda wazlddnaiisntludegndldnuiideutudiuaziigonsiunis
AaldanlasdTIng lolaan3ual (Roca et al., 2003; Vazquez et al.,2003) (a3 1)
A % Ada ¥ X & ¥ X 4, o A A an
asnnaiagdndeglutiigeusuduazingefiiiumaaiianlas3lng lolawansla
=3 % 09/’ =3 o £Z 1 :/ t&’ v a A:i a a = v c!' Aﬂ'
ws  asudsdiududesddesiudelilndnuuinunaniansdjausliunigaiie
dasrwhilddegiifianismaneuluszniniiniaunanaauagnindsviainli 7N
mdnswuitnaiia DIV swsanauuaz ldswugndaasantszanm 8-10 @1 aa
MInaNAaUIzants 80% luszauWnsu (Martinez et al., 2002; Roca et al., 2003;
Vazquez et al., 2003)

ci a o Y A a =S 0
AN 1 wawamaaqﬂwmmﬂwammmﬂmmaa@aﬂvl,ﬂmﬁﬂmgﬂ (deep

intrauterine insemination) HaaLAinudBtuTauudslugninanldamussmuma

Panmeiagd U3u1a3 UIn  BaIINITEN wIugn LONRIIB1984
(F11a7) Wude Wa)  @ns Anaa % NInua/avan

1,000 5 40 70.0 9.25 (Roca et al., 2003)
250 5 NA 429 7.2 (Bathgate et al., 2003)
1,000 0.5 20 65.0* 6* (Wongtawan, 2004)

*ALRVNLEAITUIATT NNIAIN DI mezﬁ‘i’lmmﬁéauﬁﬁfuvl,@“’l,umﬁﬂ; NA=VLaJﬁ°1Ta§a

NINANTI SALLUFDAYIBITINAYN (intra-uterine insemination)

nulttludunnauionlugns ag;dﬁﬁ]mm‘hmum”aaﬁ;{%@iamwau Toodils
dwa@iammaugirﬁw‘"uq‘ SFmamilede miam‘hmwﬁaqﬁeiaié”amwawlmﬂéaa
ﬁwﬁamzﬂumgn Kruger uazamz (1999) ldvhnmavinisnauifisugnians lasviinig
MdauazinnsUsastinga ﬁu?nm’l,ﬂﬁﬂ”wﬁawiamaaﬁﬂmgﬂﬁ'wiaﬁwvlﬂ (uterotubal
junction, UTJ) wudwﬁﬁﬁaﬁﬁﬁ‘hmu@ﬁaqﬁ 10 sualudSunes 0.5 Jaddas AReINe
Wafguiunsuaufisuaulng i deanunulugnIung (Kruger and Rath, 2000)
qﬂnsmﬁlumiwamﬁmmms]vl,@’fgﬂw”@umﬁu LﬁalﬂumsﬁwﬁﬁL%ﬂ"lﬂﬂdaﬂﬁslu@”wagﬂ
(intrauterine insemination, [UIl) %%amuﬁumad‘ﬂﬂwﬂgﬂ (deep intrauterine insemination,

DIUI) (3U 2) Watson and Behan (2002) ﬁﬂmmﬂfﬂawamﬁmmmuaa@ﬁaLﬁwmgﬂ
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(U1 Wugunantlunisnanfiougns wuiwmmsnﬁa:am‘hmm"’aaﬁﬁaamﬁa 1,000 8%
drdolas lapilidnasasasminauia  wasduisnsivilaie lajgaen  uazd
U3zAnEn W Martinez et al. (2001) Uszauanuduialunisuauifivugns Tagdainide
whllullnuagn (deep intrauterine insemination, DIUI) lasd% lairndauaz laidasnsmn
lagldvia endoscope maar UMaHFNLALY WIUABNARN waztlsasingaitndnsladng
wits waznu lienunand1sessanmIdinsen awensen afisununInas
{guauUnd dean Martinez et al. (2002) leWamnisnisnauifin DIUI lagvinviad
swnsnlassald (flexible catheter) anlfunuria endoscope MTsUNT uazuanwn'’le
e elimansfesinaunldlumaswy  annasaswuIEINIanaTannNTITas
iBeasle 20-60 win Walfsuiumsnsuisuuonidy vshaiiddesingada 1 1u 3

vesdnuagneEInd (3UN 2)

UWierine body 7 to 8 in. past
end of Cervix

Lhering horn

3. DIUl
10 in. from
tha UTJ

Utero-Tubal
Junction (UTJ)

1. Con i | Artificial ration
in the Cervix

2. Intrauterine Insemination
in the Uterine Body

3. Deep Intrauterine Insemination

2/3 of the way up a Uterine Horn

\\

s 2 JuusesedzfuusgnawailoNnldsunINauisy 3 UL 1=UDUAILAN
(conventional artificial insemination, Al) 2=LL1.|1.|§<Ta@1’iaL°iTWT’JN<§1§ﬂ (intra uterine
insemination, 1Ul) LLag 3=LLuuaaﬂﬁaLfﬁﬂﬂuﬂ§ﬂ (deep intra uterine insemination, DIUI)

(ﬁ'm: Belstra, 2002)

sl,umiﬁm:nﬁawﬁwﬁmaaﬂmzﬁ’ﬁﬂ (Sumransap et al., 2007; Tummaruk et al.,

2007) wmwmswamﬁﬂmmuaaﬂﬁadwﬁmgﬂ (IUl)  sTaNENIREaTIa NN
a . . @ | A A \ a [ o

memuﬂamﬁﬂvl,@"’l,mmqmnﬂm wazlinuieandansvianauifion  BaIN¥IANT
a = o Y ) = A a

NRULNEULAEIILADY FAAANDINUNNIANENVDY Roca et al. (2003) N&INIINFAAYIANIUAD
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uagnuagnIIUwIn 94.0 Ledidud wasWULEoafiUaevias I 1.7 wWadldud uazns
M3AN®1VaY Dallanora et al. (2004) WUIMAUFNITIUIN 94.7 WasiSudsaninilazaa
vialduazwuldaafidansviediwm 1.7 wasidud wananfiginudnin nasmsnauiiisa
aaﬁa:gryLﬁﬂmﬂmﬂmﬁauné’waoﬁn%auﬁa UAZATYNIIALRBATIUALLTAR LUTZLY
niiduiwdhaniAuiiu (Matthijs et al., 2003) Mburu et al. (1996) wuin dawlianeaagd
sulngazdn ldedanvinmdiudaramatiliuscdnuegn  uazdiuasvesdaais ud
%é’ﬂ‘*}jmﬂ@ﬁaﬁﬁﬁlwﬁﬂﬂaglumumaaﬁaﬁamuummﬁu fusaudavadviath lauazdn
uAan %Lﬁuﬁnmﬁa:awawﬁaqﬁ Tsusnniifanmwuedanfitdasrwsdonisi
%’immaw‘i’aaqﬁuazﬂ'&ﬁmﬁwﬁmﬂﬂiaa@ﬁaqﬁﬁazmmﬁwvlﬂlwiaﬁwvlﬂﬁ’ssl (Rigby, 1966;
Tienthai, 2003) sﬁoaa@ﬂé”aoﬁ'uwamimaawammz@’fﬁﬂ TINUAN REINEUTAON 24

714 aqﬁdm’l,my'ﬁ]:wuﬁﬁhwaoiaﬂ@iaizmnﬁaﬁﬂﬂLLa:mmgﬂ (039N 2)

t:l J dl o a a Oq: d' ' o 1
M139N 2 ANLRREY (mean) °nadmmumaqam%mwmmwuluwamvlml,a:‘flﬂmgﬂlu
Lmqﬂwé'amiwamﬁwLLumJnﬁ (Al LL]J]J&E]@YiE]L‘fh&IG]Qﬂ (IUN) uazwuusaaviawdndn
dyqaan (DIUI) (Sumransap et al., 2007; Tummaruk et al., 2007)

ngy U 1 2 3 4 5 6 7
Al 6 87%  343°  1411° 142,5500° 90,000° 69,167  45000°
Ul 6 85" 206° 1280° 131,167° 90,000° 66,167 37,250
DIUI 5 25° 76" 284" 23500  15400°  9,000° 7,000°

* U 1 wauwa 2 BaasIuen 3 dadadulars 4 gﬁm 5 ﬂﬂm@ﬂmuéfu 6 flnmgmmuﬂma 7

. bcd o . o ' aa
Dnuagnsudats = anwadsnuluuniuwinendanuuandiniaiia (P<0.05)

a A o a {1 1 ® 1 ®
MINAANBLATHY 89D FIFNINHIBNTUBLEBUAZUB UL
mutudaiTadsznaualunszuaunsanss laud nsdaanesinida (dilution)
L & . o A i . & . o
NIILLTLE% (cooling) MIUWLAILN (centrifugation) NTUTUDY (freezing) WaXNNIYINAZANY
(thawing) TINTZLIBNNTA mﬁhﬁﬁmmwa@iamwmﬁmmwaaé’aaqﬂﬁﬁhﬁu lu
izmwaﬂi:mummmﬁa@Tﬁaﬁg%zﬁmimﬁﬂuuﬂmﬂ%mmmﬂluLsﬁaﬁ WadnnIsLaa
RIINBLTOIOANNAGE osmotic pressure 1AHATI uanmnﬁlmmiwmia@qm%nﬂﬁﬁﬂu
Tuaawminiiuuszusuinziliguand@niaanuaansnlunaifenduuasay
. aye A 1 1 . . o v a
LW (selective permeability) aaaG9gINasa fluidity vaatuatuIwinliiuauIwianw
& 1 o v a s a v
\Fume Sissnariliaannmsiitintenvesiiegiantionad
ATTLIBMIINHFEITANLNBURTIN bR NIIYauaIIeNN Ao nszuIumIathg
\@T% (capacitation) MITNBINWIT MIUTLER MIUTUTs MIdK WIaMIVazaeiLge
AT IALAANITLINANT  “capacitation-like change” 6 sawlufemanulys@un
a \ i . A a o X A A A a A
L3871 tyrosine phosphorylated protein snﬂﬂ‘mumm:wuvlélummmﬁgﬁ]m@m‘smﬂw
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% P ) a A Ab & ~ = ' v & a A A
Wt dnmsdunulisfuriietlunmduasivn uszlinifnsdenludadfoiiadug o
lihs@unwuldazagludiuves  flagelum  Salus@udzrslunsmuguniaindenlinie
nifia  hyperactivation  agdgnidautslianuuandangaiiissgnaiounTindug

. . A o
faazwuLdu tyrosine phosphoprotein complex mﬂ‘szﬂaumﬂmaqamaﬂﬂiaummm 32
kDa (p32) %a 9lulana (Tardif et al., 2001) wazlusdunataznuINNUII U IUN
. A a A A A o o A o
N flagellum  F9lds@unanitiasdaruinoitesnunszuinnm s SiaTuuay
acrosome reaction (Flesch et al., 1999;Tardif et al., 2001) Harayama L.azatuwe (2004)

1 a =) et s 6 s =) 6 a a
wudldsdn  p32  danuduWusnuszausesuesifounsluaasagiuaznigyfves
laslawvasfiegd sanAsoInLNIANYILEY Dube uazAmME (2005) wuiasdlsznay
wanvadlUs@n p32 ffe proacrosin binding protein  TITrelunnzaladgliife
maturation 289821A3%% (acrosin)

A

mstfaentSiaTi Lﬂunszmumimaa‘%ﬁﬂmﬂnﬁmaaaiﬁ I@ﬂﬂﬂﬁaqaﬁgﬂ
%é’laaaﬂmﬁ?uﬂ'a"l,sjﬁmmmmmlumsﬂﬁaufazﬁaomum:muﬂﬁmms‘ﬁl,m%'ml,az
acrosome reaction g é'fjm%aadm:mumiﬁﬁ]:ﬁﬂﬁaEﬁmmmLﬂﬁauﬁmuﬁnnﬁaﬁw
vlﬂwzgﬂﬁuLﬁaLﬁaﬂ@iﬁaﬂ meluviairle unsnun cumulus cell auluﬁqmaqﬁmmsnﬁ
Al zona pellucida iU faubrulalalodld Ganszuaunsdeg dAadu
muluszunFunugvasweie aqﬁﬁgﬂm:@fﬂﬁtﬁ@mﬂw&mfmﬁaﬁ]:@iau{mﬁmw
Wsuea eI aNfasianszuIums  acrosome reaction l@viufi  nIzuIuNs
acrosome reaction Lﬂuﬂs:mumiﬁlﬁm‘fumsmé’amﬂmsﬁ@ﬁaq&ﬁamﬂwsﬁmfu lag
8§33z Uduny zona pellucida yoslolalod@svinlé outer membrane wavazlasloy
L HONTINALNAFINNLITUARE 9 §unis uazlinsddanans acrosomal content Gatiln
hydrolytic enzyme fgaeluniston  zona pellucida ﬁﬂﬁéﬁaqﬁmmsmmm%mﬂ'&
VI perivitelline space ez NN LS oolemma sﬁaazﬁwlﬁLmaé‘fmaam”aaqﬁsaw
nuirasvaslaleloddaluniaiiamadfaus nszuaun1aifia acrosome reaction gn
muqmmﬂvﬁmaé’rymuﬁms?jaé'rymﬂm%é'ﬂﬁa mmﬁmm"’waatmm%uumﬂlumaﬁaqﬁ 3
m3fnslagi@in  calcium  ionophore aﬂuaqﬁﬁLﬁﬂmm?ﬁmﬁmLﬁ’mmw WARLTN
mmsnmﬁmﬁﬂﬁaﬁﬁmﬁhf'tt.ﬁ@miﬂaiamauvlsnﬁ n3auia acrosome reaction ¢ &
MIANBINLTT miﬁ\ﬂ,ﬂLaamaiaaaaﬂmmwsJmeﬁumsn5:§uﬁ§1@”ryﬁﬁﬂﬁﬁ@ms
AU BLATULEZ acrosome reaction maaazﬁ (Shadan et al., 2004) I@]ULfiaIﬂLaaL@laiaa
sananuNLIUi UM ouudas uazdanalw ion channel @19 dn1s
vomidasuld Tesawzuaaidouusslunsuamalosan dsnssaslessuiiviming
N3z adenyl cyclase lasassvinliiAanszuIunsass cAMP G‘I’i'dmﬂmsﬁﬂmluaqﬁ
FNIWUINANENAINNNT  incubation f:wL%aluama:ﬁmzéfulﬁﬁ@m:mumimm%

@ A v A a A [ a
LW%%LWU\‘]VL@Jﬂu']V]ﬂﬁ'uJ']iﬂ@i')'ﬂWUﬂiquma\‘l cAMP Lﬂuﬂqiﬂuﬂuvl(ﬂqqﬂqinglaaﬂ
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A { -3 v a a a
lawsiaasassananuuwswdunalnnianlidregiausafianszuiunisathdie
Tuld (Tardif et al, 2004) uaziosannluagdgnidaanaiuatlansinasandonas
Iladafidautradn Fsvldanegianslideniaifia cold shock wnnirdafafiadug
aswmnifansgadslaasiaaseataziiifenswiorinszuiunsanih Saguld
Noruns wananhadlains@nsigInumsiia capacitation like change Minann

& T & A a ;2{' 1 o v Aa A a a
AMaussuaznusuds  Ssmaiednngmaniissnarilidseininwlunsdfaus
°uadaqﬁa@aﬂ&imwwuwiaEﬁqﬂm@imﬂﬂﬁaé’mﬂﬁmgﬂﬁaﬂuuﬁus]@i”w Harcitt

capacitation like changes luaEﬁI@Umﬂﬁfmim’aﬁﬂ@ﬂ%ﬁﬁau chlortetracycline W8z
1A389 flow cytometry Wuin FasiutasdagIutuiungunnd 5°C tNaathBiat uas

acrosome reaction mﬂﬂd’wﬁaqﬁumlﬁuﬁqmugﬁ 15°C LLazslquWL%aqumrﬁaﬁawu
é’@mumawﬁaqﬁﬁl,ﬁ@mm%m%’u Waz acrosome reaction ¥ NAINLTaUTLEW
(Maxwell and Johnson, 1997) uaﬂmﬂﬁ Green Waz Watson (2001) lavinmsdinm
Lﬂ%'smLﬁmJmuﬁ@mms‘fnmﬁmmhmﬁaqﬁﬁmuﬂm,mﬁuuazﬂﬁQu ﬁ'um”’;aqﬁﬁ
incubate 14 capacitating medium Wuﬁwaﬁ"l@i”ﬁmmﬂﬁwmﬁaﬁ'uashamﬂﬂgaﬂ%mmaq%
MfenUSiatuainnsasalasld CTC staining szauvasuaaidounloasnmelueaas
wae USunawadldsdu p32 T,@ﬂa‘;ﬂﬂ'mﬁ@msl,ﬂﬁ'ﬂmmads:m"mﬂi:mumnmﬁuua:
LLﬁLLﬁGLﬁﬂ’Jf@Gﬁ'ﬂﬂ’]‘igiyLﬁUIﬂLam@laiaaLLa‘;ﬁ’]&Lﬁlﬁ@m’]‘iLﬂgﬂuLLﬂﬂdﬂ’]Ul%tsﬁﬂﬂ{ LT
N13LNA calcium uptake mﬂw&ﬁaﬁaqﬁ %dﬁl:ﬁﬁvlﬂgjmiz capacitation like change 1%
ﬁﬁg@ LLazﬁnﬂmiﬁﬂmﬁwuiwmig@LﬁﬂiﬂLaamaiaaﬁ]:Lﬂmﬁﬁﬂﬁﬁ@mm%mfu 39le
fimydafiazld cyclodextrins “ﬁddLﬂua’ﬁﬂizﬂauL%G%ﬂ%ﬂlﬂdﬁﬂ@l’]ﬂﬁﬁﬂmawﬂaﬁ’sU&Luﬂ’l‘i
A lALALADTONTIFNAFILUNLTY FanmansluunzussFAnuitoRasan
miia@%%maw‘i’aaﬁﬁm‘iazmvl,iﬁmué'@mmswaua@ﬂ”\‘lvl,;il,ﬁuﬁminwalﬁ] fINI
mdnmlugnanuniimislilaiamaasea w38 cyclodextrins Weovaghslaadondtslal
mmmﬁﬂﬁqmmwmaw‘i’qaqﬁﬁﬁu uafialtlaasaasanionny cyclodextrins Wu11%in
Wéiﬁmiﬂmiiawdﬁma\‘l@ﬁaqﬁtﬁwgoﬁu SaugadlWifiuin cyclodextrins &INAIOTILWA
lawasiaasoaidgnananuaiuTule (Bailey et al., 2008) DIReAnRaIRUMIANEN
Galantino-Homer (2006) fngnwinnsls cyclodextrins 323U 1ALARIABTEA FLENNID
TruaaUSunulysdn p32 I@siude TroaanTAne1NTaTih uaz acrosome reaction @9
ﬁﬂﬁLﬁué’@ﬁmiia@‘%ﬁmlm‘”ﬁaqﬁﬁmumm’mﬁuvlﬁﬁﬂﬁw wonINAEITNIs BN
N6y seminal plasma 20%v/v AEINIIDTIYRAIIUIN capacitated sperm LazlTunme
vaildsin p32 ldedfituidn (Kaneto et al, 2002) GixoansaInLNIIANEITaY

Hirayama uazame (1999) NWUINNILAY seminal plasma &10130T8aaN1INaaUNS

L@l‘*ﬁ'umadaqﬁqmﬁ incubate 14 capacitating medium 71 39°C
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ﬁnﬂmiﬁnmﬁaﬂﬁniﬂd@TuLLa@ﬂﬁLﬁuiﬁmiLﬂﬁﬂuu,ﬂaaqmv&nﬂﬁﬁamm?a
Q‘ J 1 v v 1 { o v A { U . . .
N nagITIaTImnaLdrRen iAanTsuIumINSenin capacitation  like
change Waz acrosome reaction MmNl dragdiiaminihdiatunlugiananld
wianzay  Aliegdnulisuniafiezd faunvlelaladldginarnlidanminauda
ORI LA @"ﬂﬁfumﬂﬁmiw‘"@uuﬁ%mﬂmﬁaﬁiﬁwaLﬁuﬁﬂau%’ulmamiqmmﬁmmmi
HAAgNT Lot fazrhliiiadszloaidne g inane afign MIWNNANAAFNIVDIRY F2UL
o A A a X ° o A A o A
andtaaansn I wIRNIL sl mNamaluladniinaiianineg axaaawnIg
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TLUEUIDIVY
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o oo & o 2o 04 a ° o o ¢ &
mmmaalwqmmagﬂmmmﬂlmﬂmummammu WU 30 42 WHTUAL
157 10 @2 YasnLTus 10 @ uwazqIan 10 M 013N 1.5-3 g ﬁqmmwﬁ%%aﬂﬂﬁ
nnusEndasniwlausa 3na a. mziﬁ WE]quL@iam”'sgﬂLﬁmluﬂamﬁm 151907119
6V g’ s wn A g’ di 0/' d' = 3’ 2{’ 1 ' % %
LLa:ﬁgumaqum Jinauanaa 24 Ty (FUN 3) IathLTanwagNILdsdd Aaae >3
A% lapdszusnsasnisaiTastnetey 5 % ﬁnL%aﬁﬁ@;mmwagmm&dua:
ATAFDUAMWINLTONAINITNAZEY (AT WN 3) wadrhasaeibendaanns
R lnInaITaza1y > 40% VNMIAUINENTausuds (semen bank) tNaltlu
MINFULNYY
A A g = o s & | = ' ' o
qnsmmwmmmlﬂumwaumwmumwaumm \unaignyszning vins 2-8
NIUIIGNIA800 LARENBNUNG LazLEaIaNTITBEaNT8 1 5 1% BadneIwy ¥inns
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Januiranawusgns lauit Gloved hand method las3aLAnlanizaIw sperm

rich fraction (U7 4) wasMRWIIMIATIIQMAINIEITe lanasiagd YSunas m3
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4 v v v ® 2/ g { s
AR LA ATIIANNLTNTUALY photometer  (spermacue ) ¥LTaNd 8@31A15

Lﬂﬁauvl,‘ﬂ’l >70% U3N1a3 > 100 WA, AMULTUTYH >200 A/UA azthanlglunsuguds

d. :’ d? 1 cicl ~ 1 . . [ a 1 1 ~
21]7] 4 mwawaqmm@mmawwzmu Sperm rich fraction 20UTVAINAUNIIUTLD

1 ® o & $ 1@
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A Y X o A A ™ [ ! Y X ! '
WanthiTadioasazanasian 1 (Modena ) lwaasndiuduga 1 aude
™ . o PRy : o ' o
Modena = 1-3 &% (1:1-1:3) snwamnndlugiiun 15°C wu 2 Talus (U 5) Uu
\WIEY (centrifuge) F8A2MNLTY 800x g igaennd 15°C wn 10 Wit (FUN 6) nsu
£ 1 { v ~ 4 A
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o . [y v A 9 o
13znauae lactose solution WAz egg yolk FLWL@]@]’J’]NL‘II&J‘IIWU@G@QQ 1.5X10 @7/

a aa v ¥ @ Py val a @] o A [ & o

fadfay wanlWidiu uazfialinaangdl 5°C win 1.5 Talas (U 7) nasansuiing
A A o A A A @ A A )
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® =3 1 v v U v ~a
glycerol uaz Equex STM  ludamdiu 2:1 ldmiazansgavisdenuduiuvasegd

1x10° d/dadaas & glyerol 3 % Tuide msqmiaxmﬂi{’n%am‘luma@w’]wm@ 0.5

Janaas wardawniin a@qmﬁqﬁﬁﬁﬁaﬁmﬁguﬁ's A8MINIRaaaNIsRRaTAURN8Y

Tulasiaunadf 3 [udians win 20 wf neuduaslululasiawmnan (Eﬂ‘ﬁ' 8)
m‘sﬁm:mUﬁﬂ@ﬂﬁwﬁﬁﬁa‘ldaa‘luﬁﬁuﬁqm%nﬂﬁ 50°C w1 12 Audi
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WIAR (plasma membrane integrity) WAz @AnmanNAaUndvadalaslan  (Acrosome
defect) laom3dand SYBR-14 uae ethidium homodimer-1 (Fertilight® Sperm Viability
Kit, Molecular Probes Europe BV, The Netherlands) (Ellﬁl 9)

a g

517 9 amwaqmﬁﬁauﬁw SYBR-14 / ethidium homodimer-1 (EthD-1) 838399280

v 2 Aa

Wenrad SYBR-14 aqﬁﬁmmzﬁaua@ﬁummm EthD-1 Was aﬁﬁﬁlﬂammzﬂam

2p

WHILRZILAd
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avanmadusaluwignimameuniua 2 A%a lagldwagns anwuenmIves
seaznawnsiduga LL&iﬁgmﬁ]:gﬂmaﬁmﬁﬁuﬁmn 8 talus mnualitiawesmasuin
e 4 %ﬁiuaﬁauwuqmﬁuﬁuﬁiaﬂwﬁﬂuﬂ%uiﬂ LLamm"nadmiéuq@miﬁuﬁoﬁa 4
219 ué’awumsﬁuﬁaﬂ%q@ﬁ'm ‘i:ﬂ:mshuuﬁaLﬂ%é’@luqmnﬂ@ﬁgﬂﬁuﬁﬂLLa:anIJJ

Aenzitoys lagiunwduainduiug o (U1 10)
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LLﬂaLLajqﬂiaamﬂu 2 ﬂg;aﬂ@ﬂ?ﬁﬁimmzﬁ'}mmamﬁwﬁaﬂﬁ%‘%?aamwuﬂﬂﬁmaa
whin (nguAIwaN 36 @7) uaz NﬁmLﬁwﬁaﬂﬁﬁL%@LL"ﬁLLﬁﬂuqnwﬂ'mm'wﬁ'umi
wmitosimaanladie sasluud hCG (Choluron®, Intervet, Netherlands) 500 U im. lu
Tuwinvasmududa (nunasas 33 @) lunduaruquazrmmauifisuaiullsunsy
Undvasvsy aun vnsuaw 2-3 039 Ao A 12 uas 24 uaz 36 Talu9 WEINISUWY
omadusaiuis mMsnauassn 3 a:ﬁmsﬂﬁm’mwmmﬂqmﬂhﬁuﬁmau%’umiwau
NENNANEY Y IKEw 2-3 A% Ao 7 24 uas 36 uay 48 Taluy wasdagoslund hCG
nauaIuauIzlfUTIna sz wineginNinaIuesmhin fa USines 100 Hadfas
agITIWIN 3,000x10° 611 lungunaaes 15agd 2,000x10° ¢ luansazany BTS U5unas
20 UaRAaT LL&iijﬂiﬁq’:‘] 2 ngu ldSunIkaaLinudasds intra-uterine insemination (1UI)
(31]“71' 12) m"’ammamﬁﬂmzﬁwmsmnmmﬂﬁawadLLajqﬂiﬁg\‘] 2 naueneAbRINaMY
nauda lwiud 18-24 wassuananuanmadudaiuiinuazilssufousasnisearias
soannszninaaauaslSaufisusannsdiaaan LLa:a‘hmugﬂqmﬁmmLLiﬂﬂaa@/

maﬂluqumﬁ'ﬂ 2 ﬂaju

»

gﬂ‘ﬁ 12 miwmll,ﬁﬂuqﬂitmuaa@ﬁatﬁﬂﬁ"swﬂgﬂ (intra-uterine insemination)

N3NATIZRTOYAN TN
At nzineana laslslusunsy SAS (SAS Inst. V. 9.0, Cary, NC USA)
a a s & o o a [ A a @ Y
wWisufisuquawidanendsriazais lasdmduain dasmaafaud ludhini
L% nt:iddn e o v Ad‘d a a v ad
JouazvetagiINidianatrhazaiy JovazveteginianufaUndveselaslan dru3s
General linear model (GLM) W38 ulfiguaasnmIngudia aa3n13idnaaaa a2835 Chi-
square test L3BULABUIIMIKINANIULINARAANINUARDATANGIDTT General linear

model (GLM) ¢ P<0.05 aindayaiianuuandsainadnodagy
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uNn 4

AANIINA[dI

qmmwﬁ%%aqﬂiﬁauua:%éi'amummmio LAY wamimamﬁwﬁaﬂﬁm%aqﬂnmﬁo
a =1 [ 2’ 2( d' o a
WSHUABUNUI TR LEAIAITINN 3 AT 4 ATNRIAU
A ¥ & L & Ao vo o ~ A A '
T,@mLa,amnL°1jaqﬂmmmﬂm"l,ﬂlmmsumswawmﬂuua@mmsmaau"l,m 47.6% Wbl
qﬂsﬁmumﬁﬁwmsﬂ”@Lﬁ'awamLﬁw@'ﬁmﬁnL%aqﬂsl,ml,m“aﬁswmam"’al,l,@il,%mﬂué'@ﬁmnvhi
88 43.0£4.9 Talad UazIzHzIMAILAaagasluwnREIIINIan Mawnteranla winnu
36.4+3.7 TlN9 9INNIATIGANINNITON LT WINEINLINTLHLIRNAILE  NEULALUATI
gavhpandilianiads 4.0£4.9 Tl (717 4) FUTIDMNNIRFURUTVIMAIRNINY KA
Lﬁwnﬂﬁmamlumiwﬁ 2 mnmimaaawuiwa"’mwmswauﬁmluﬂ@;uﬁwﬁn%aLL°ﬁLL°ﬁ<1ﬁ
LLmIﬁm‘hﬂiwmjwmuqu 12.9% (P=0.12) athdlsnfaaitnaaea NUWIUFNANILINAREA
NIRUAGANTAN A ahmugﬂqmﬁ%fjm@iamaﬂ "L&iﬁmwLmﬂ@mﬂ”m‘md'quumuquLLaz
A9 oy & & A ' = " A > o
ﬂﬁ;wwlmmmmmm (M3NN 4) Iuﬂqumugwqﬂwvlmmﬂaa@wmﬁm@mnﬂrgm W 4
G2 ANUNIENURL 2 A7 LASNALUFA LATITAU 2 @ luﬂﬁjuﬁwﬁmﬁﬂuﬁ’lﬂﬁ’]L%QLL"ﬁLLi\‘JWU’J"l

gninldidhaaaaiiaanyym uris 1 61 uaznauda liasisey 1 6

A1359N 3 Qmmwﬁ,’]L%aqnsﬁauuamé’amummﬂiﬁq

windiaas F1um AuadnEsD Range
U301a7 (W8.) 94 145.1+38.3 70-255
AMATUTU (x10° F/WR.) 94 449.3+99.1 290-760
matedewlwinawugud (%) 94 85.33.0 80-90
N30T DUUTUDI (%) 94 83.614.8 71-95
nstnRawlnInaInTudy (%) 62 31.9+16.2 0-60
NMIIDATINNAIUNTUDY (%) 62 28.4+11.4 4.5-59
§unasanain/ng 14 44.9+21.7 20-81
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A1319N 4 NANINFNLNBN (ALaR8ESD (WRE))

wndiaas NyuAIVAN NYUNARDY
FIWINGNT 36 33

fauaTan 4.8+1.7 (2-8) 4.5+1.9 (2-9)
AzUBKIUIY 2.51+0.41 2.51+0.47
seazneuuUduaa (3) 3.611.2 (2-6) 3.610.6 (2-4)
sammaedonlwimasinazany (%) NA 47.6+3.7 (40-50)
seozidusadsantal (Tw.) NA 43.0+4.9 (38-50)
Sazaslundsan’la (a.) NA 36.4+3.7 (33-42.5)
naNondIanly (. NA 4.0+4.9 (1.5-17.5)
AATIMINTNGR (%) 91.7 78.8
0TTNARAN (%) 55 65
zﬁwmugﬂqﬂmsﬂﬂaa@ﬁgamwmaﬂ 10.1£0.8 9.240.8
HwugngnIidia/masen 8.3+1.1 8.6+0.9
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Aa 6
m;ﬂuammsm

mMsanu luaTInwuIn mmamﬁﬂuqm@ha?ﬁaa@ﬁmﬁmmgﬂ%%a intra-uterine
. . ndt:id a a v = v 3’ A&’ a ; aq:
inseminaton (1UI) Lﬁmﬁmﬂizammwiumﬂwammﬂuqmmslmmaﬂsmmm (N4
° A A @ A o o o A L& = o . &
Hwuegd uazliinag) lonad dmsutinfansuds Namiwﬁmmwlmaaglummmw
nala lagwuindaasnIngu@aan 78.8% ﬁ‘hmuﬁnqmmﬂﬂaa@ﬁmm 9.2 @/AT8N
LLazﬁimfmgﬂqﬂsﬁ%’m 8.6 @/A3an "L&i@i'm'mmimmquﬁmauLﬁﬂmﬁsﬁ%%aa@‘lu
FIIRILALING  WaaININENINsN NI INaaasnTIlnalAInUN1INAaaIuad Roca
= [ A . . . . . o 4 g 6
et al. (2003) TINFUNLNA2I8ID deep intra uterine insemination fetinLTa 1,000 x 10
a2/ 1GR TINRNGA 70% LLaz"l@Tﬁhmugﬂqmﬁmmu;mﬂaa@ 9.25 @/ATAN WATHANT
naaedluasakiniiniInaaadvad Bathgate et al. (2003) Waz Wongtawan (2004) 9 le
ﬁ‘hmugnqm@iamamﬁm 7.2 67 WA 6 A1 AUE1AU (@N1319N 1)
094/ d‘y A L% = % ad a a ]
TumInaaasnTatRan I NIINEUABNAI8AT Ul INWNNIHINTALNLUULGY wazly
LRan 1T MINRNLA Y UL DIUI Lﬁaamﬂm‘swamﬁmmmm@uﬁaolﬁﬁmuaqﬁ
' o 6 o o A ' A o
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Abstract

The objective of the present study was to determine the effects of docosahexaenoic acid (DHA)-enriched hen
egg yolks and L-cysteine supplementation on the qualities of the cryopreserved boar semen. A total of 15 ejaculates
from 5 Pietrain boars were divided into 4 groups according to the compositions of the freezing extenders used, that
is, normal hen egg yolk (group 1), DHA-enriched hen egg yolk (group I1), normal hen egg yolk with 5 mmol L™ of
cysteine supplementation (group 111) and DHA-enriched hen egg yolk with 5 mmol L™ of cysteine supplementation
(group 1V). The semen was cryopreserved using controlled rate freezer and was thawed at 50°C for 12 s.
Progressive motility, sperm viability, acrosome integrity and functional integrity of sperm plasma membrane of the
post-thawed semen were evaluated. The supplementation of L-cysteine in the freezing extender alone (group I11)
improved progressive motility (P < 0.05), and the supplementation of L-cysteine in combination with DHA-enriched
hen egg yolk (group 1V) improved both progressive motility (P < 0.05) and acrosome integrity (P < 0.01). The use
of DHA-enriched hen egg yolk alone (group I1) did not enhance any of the post-thawed semen qualities (P > 0.05).
In conclusion, the supplementation of antioxidant L-cysteine alone or in combination with DHA-enriched hen egg
yolk significantly improved the post-thawed semen qualities, especially progressive motility and acrosome integrity.

Asian Journal of Andrology (2009) 11: 600-608. doi: 10.1038/aja.2009.40; published online 27 July 2009.
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1 Introduction and minimize boar transportation [3-5]. In general,
frozen—-thawed (FT) boar semen has a short survival

Cryopreservation of boar semen has been an estab- time in the female reproductive tract compared with
lished practice in the pig industry for decades [1, 2] in extended fresh semen (4 h vs. 24 h) [6], and has a low
order to preserve genetic resources, enhance genetic post-thawed semen quality, particularly regarding
improvement, distribute genetic material across countries individual motility and plasma membrane integrity
[7]. For these reasons, the use of FT semen under field
conditions resulted in a decrease of 20%-30% in the

Qorregpondenlce to: Ddr ;adet dT“”t"_ma”;k' ':’prar;”\"frt‘t of ObssteF' conception rate and a reduction of two to four liveborn
rics, Gynaecology an eprodauction, Faculty or veterinary Sci- . . . .

ence, Chulalongkorn University, Bangkok 10330, Thailand. piglets per litter size Compéred Wlth the use of extended
Fax:+662-2520738. E-mail: Padet T@chula.ac.th fresh semen [8, 9]. Earlier studies have shown that
Received: 8 January 2009  Revised: 11 June 2009 the cryopreserved boar semen yielded at most 49%—
Accepted: 19 June 2009 Published online: 27 July 2009 53% individual sperm motility after thawing, and
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each insemination required a total number of 5 x 10°
spermatozoa per dose [8, 10].

During recent years, several improved methods
for the cryopreservation of boar semen have emerged,
including methods to affect the freezing—thawing
rate [11, 12], freezing packages [11, 13-15] and the
composition of the semen extenders [16-19]. Earlier
studies have shown dramatic improvements of FT
semen quality by use of these methods. For instance,
supplementation of Equex in the semen extender
yielded a percentage of individual sperm motility that
was higher than conventional methods [15, 20, 21]. In
addition, the packaging of semen in Flatpacks resulted
in a 47% motility rate, which was higher than that in
Maxi or Medium straws (34% and 36%, respectively)
[22]. Despite the improvement of cryopreservation
protocols over time, individual boar variation in the
sperm freezability is still observed. The reason for
individual boar variation in sperm freezability has not
been completely elucidated [23, 24].

It is well established that the plasma membrane of
boar spermatozoa is highly sensitive to thermal changes
[25, 26]. The susceptibility to temperature shock is
mainly because of poor lipid composition and structure
of the plasma membrane of the boar spermatozoa
[27]. The plasma membrane of boar spermatozoa
contains high levels of polyunsaturated fatty acids
(PUFASs), that is, docosapentaenoic acid (DPA) and
docosahexaenoic acid (DHA), and has a low level of
cholesterol: phospholipids ratio [28, 29]. It has been
shown that the cholesterol: phospholipids ratio and the
phospholipid saturation play an important role on the
temperature shock [30]. PUFAs decrease dramatically
when the spermatozoa are attacked by reactive oxygen
species (ROS) because of lipid peroxidation (LPO) [31,
32]. ROS resulted from defective/dead spermatozoa,
decreased progressive motility, increased mid-piece
abnormalities and inhibited sperm-oocyte fusion [33,
34].

The supplementation of antioxidants and fatty acids
in the semen extender has been shown to reduce ROS
and improve plasma membrane integrity in stallions
[35, 36], bulls [37, 38], rams [39, 40] and pigs [16-18,
41, 42]. It has been shown that DHA in boar semen
increased after n-3-enriched hen egg yolks were added
in the semen extender [42]. Recently, a study has
shown that supplements of DHA from fish oil in the
semen extender increased progressive motility, viability,
plasma membrane integrity and acrosome integrity

of FT boar semen [19]. To date many of the DHA-
enriched hen eggs have been produced in the hen-egg
industry (for example, Dr Henn, Quality meat Co. Ltd,
Thailand). In general, the DHA-enriched egg contained
200-250 mg of DHA, which is about twice higher
than that contained in a normal egg. The use of DHA-
enriched hen egg yolk for cryopreservation of boar semen
has never been considered. In addition, supplementation
of L-cysteine, a precursor of intracellular gluthathione
biosynthesis, in the semen extender have been shown to
increase individual sperm motility of FT bull semen [38],
and increase sperm viability and acrosome integrity of
the boar spermatozoa during chilled storage [43, 44].
L-cysteine plays a role in the intracellular protective
mechanism against oxidative stress, and as a membrane
stabilizer and capacitation inhibitor [10]. Both DHA and
L-cysteine play a major role as the plasma membrane
stabilizers of spermatozoa in many domestic species.
The influence of L-cysteine and combination of
L-cysteine and DHA on FT boar semen has never been
investigated. Therefore, the present study investigates
the influence of DHA-enriched hen egg yolk and
L-cysteine in semen extender on the qualities of
cryopreserved boar semen.

2 Materials and methods

The proposal of the present study has been approved
by the Faculty of Veterinary Science Animal Care and
Use Committee (FVS-ACUC), Mahidol University.

2.1 Boar and semen

Five Pietrain boars aged between 1 and 3 years were
used in the experiment. The boars were of proven fertility
and held in a commercial herd in Ratchaburi Province,
Thailand. The boars were housed in individual pens with
a conventional opened-house system in a commercial
swineherd near to the laboratory (approximately 30 km).
The feed was provided twice daily and water was
available ad libitum. Semen was collected once weekly
using the gloved-hand method. A total of 15 ejaculates
of semen were obtained (3 ejaculates each). The semen
was transported from the herd to the laboratory at the
Faculty of Veterinary Science, Mahidol University. The
semen volume, pH, individual sperm motility, sperm
concentration, percentage of live and dead sperms, and
morphology were evaluated. Ejaculates with a volume
of > 100 mL, a pH of 7.2-7.8, a sperm motility of
> 70%, a sperm concentration of > 150 spermatozoa
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per mL and > 80% normal sperm morphology were
used.

2.2 Semen freezing and thawing procedures

Shortly after collection, the semen was diluted
(2:1 [v/v]) using extender | (Modena, Swine Genetics
International Ltd, lowa, USA). The diluted semen was
transferred to 50 mL centrifuge tubes, equilibrated at
15°C for 120 min and centrifuged at 800 x g for 10 min.
The supernatant was discarded and the sperm pellet
was re-suspended (about 1-2:1) using extender Il
(80 mL of 11% lactose solution and 20 mL egg yolk)
to a concentration of 1.5 x 10° spermatozoa per mL.
The diluted semen was cooled to 5°C for 90 min.
Then, two parts of the semen were mixed with one part
of extender 1l (89.5% of extender Il with 9% glycerol
and 1.5% Equex-STM). The final concentration of
semen was approximately 1.0 x 10° spermatozoa
per mL and contained 3% glycerol (modified after
Westendorf et al. [45] and Selles et al. [46]). The
processed semen was loaded into 0.5 mL straws. The
straws were sealed with PVC powder before being
placed in a controlled rate freezer (Icecube 14s, Sylab,
Purkersdorf, Austria). The freezing rate was 3°C min"'
from +5°C to —5°C and thereafter 50°C min ' from —5°C
to —140°C. Then the straws were plunged into liquid
nitrogen (—196°C) for storage. Thawing was achieved
by immersing the straws in water at 50°C for 12 s [46].
Immediately after thawing, the semen was diluted (1:4)
using a Modena extender. Post-thawed sperm qualities
were evaluated after incubation in a 37°C water bath for
15 min.

2.3 Semen extender

After incubation in extender I, the semen was
divided into four groups according to the composition of
extender 1l. In group I, extender Il contained 80 mL of
11% lactose solution and 20 mL egg yolk. In group II,
extender Il was prepared by using DHA-enriched hen
egg yolk (Dr Henn, Quality meat Co. Ltd Thailand)
instead of conventional egg yolk. Each egg contained
200-250 mg of DHA. The DHA level as well as the
fatty acid composition in the egg yolk that was used for
preparing semen extender, was analyzed at the Institute
of Nutrition, Mahidol University (Association of Official
Analytical Chemists, Official Method Analysis, AOAC,
Arlington, USA). On an average, DHA (C22 : 6, n-3)
in the DHA-enriched hen eggs yolk was about 1.6 times
higher than normal hen egg yolk (450 vs. 280 mg per

100 g). In group Il1, extender Il was supplemented
with 5 mmol L™ of L-cysteine (Fluka Chemie GmbH,
Sigma-Aldrich, Switzerland). In group IV, extender
Il contained both DHA-enriched hen egg yolk and
5 mmol L™ of L-cysteine.

2.4 Sperm evaluation
2.4.1 Sperm concentration and progressive motility
Sperm concentration was assessed by direct cell
count using a Burker hemocytometer (Boeco, Humburg,
Germany) [47]. The visual progressive motility of
both fresh and FT sperm was evaluated at 38°C under a
phase contrast microscope at x 200 and x 400 magni-
fications. The motility was assessed by a same person
throughout the experiment.

2.4.2 Sperm viability

The viability was evaluated by SYBR-14 / ethidium
homodimer-1 (EthD-1) (Fertilight, Sperm Viability Kit,
Molecular Probes Europe, Leiden, The Netherlands).
This technique was modified after Axnér et al. [48]. In
all, 10 puL of diluted semen was mixed with 2.7 uL of
the user solution of SYBR-14 and 10 pL of EthD-1.
The user solution was SYBR-14 diluted (1:100) in
dimethyl sulfoxide, fractionated and frozen in eppendorfs.
After incubation at 37°C for 20 min, 200 spermatozoa
were assessed (x 1 000) under fluorescent microscope.
The nuclei of the spermatozoa with an intact plasma
membrane were stained green using SYBR-14, whereas
those with damaged membranes were stained red using
EthD-1. Spermatozoa were classified into three types:
live spermatozoa stained green using SYBR-14, dead
spermatozoa stained red using EthD-1 and moribund
spermatozoa stained both green and red (Figure 1) [48,
49]. The results are expressed as the percentage of live
spermatozoa with intact plasma membranes.

2.4.3 Acrosome integrity

Acrosome integrity was evaluated using fluorescein
isothiocyanate-labeled peanut (Arachis hypogaea)
agglutinin (FITC-PNA) staining. A total of 10 uL of
the diluted semen was mixed with 10 uL of EthD-1 and
incubated at 37°C for 15 min. A total of 5 uL of the
mixture was smeared on a glass slide and fixed with
95% ethanol for 30 s. FITC-PNA (dilute FITC-PNA with
phosphate-buffered saline [PBS]; 1:10 [v/v]) (50 uL) was
spread over the slide and incubated in a moist chamber at 4°C
for 30 min. After incubation, it was rinsed with cold PBS
and air dried. A total of 200 spermatozoa were
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Figure 1. Boar spermatozoa stained with SYBR-14 / ethidium
homodimer-1 (EthD-1). Live spermatozoa with intact plasma
membrane are stained green using SYBR-14, dead spermatozoa
are stained red using EthD-1 and moribund spermatozoa are
stained both green and red.

assessed under fluorescent microscope at x 1 000
magnification and classified as intact acrosome,
damaged acrosome and missing acrosome [48, 50].
The results were scored as the percentage of intact
acrosome spermatozoa.

2.4.4 The functional integrity of the sperm plasma
membrane

The functional integrity of the sperm plasma
membrane was assessed using a short hypoosmotic
swelling test (SHOST) [51]. Spermatozoa were
incubated at 38°C for 30 min, with 75 mOsm kg’
of a hypoosmotic solution that consisted of 0.368%
(w / v) Na-citrate and 0.675% (w / v) fructose (Merck,
Germany) in distilled water. After this incubation
time, 200 uL of the semen-hypoosmotic solution was
fixed in 1 000 pL of hypoosmotic solution plus 5%
formaldehyde (Merck, Germany), for later evaluation.
A total of 200 spermatozoa were assessed under a
phase contrast microscope at x 400 magnification.
The coiled tail (SHOST positive) spermatozoa found
after incubation had a functional intact plasma mem-
brane (Figure 2).

2.4.5 The classification of good and poor freezability in
boar spermatozoa after FT process

The boars were classified as having ‘good’ and
‘poor’ freezability according to their post-thawed
progressive motility. If post-thawed progressive
motility was greater than 30%, the boar sperm was
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Figure 2. Boar spermatozoa in short hypoosmotic swelling
test (SHOST test). Coiled tail spermatozoa were identified
as having a functional intact plasma membrane (arrow head),
normal tail spermatozoa were identified as having a non-
functional intact plasma membrane.

classified as good (n = 36 observations, 9 in each group,
3 boars). If post-thawed progressive motility was lesser
than 30%, the boar sperm was classified as poor (n = 24
observations, 6 in each group, 2 boars).

2.5 Statistical analysis

The statistical analysis was performed using
the Statistical Analysis Systems software package
(Version 9.0, SAS Institute Inc., 1996, Cary, NC,
USA). Normality of the data was evaluated using
UNIVARIATE procedure option NORMAL PLOT.
Owing to the skewed distribution of the sperm
parameters, arcsine transformation was applied to
all sperm parameters. Progressive motility, sperm
viability, acrosome integrity and functional integrity
of sperm plasma membrane (arcsine transformation)
were analyzed using the General Linear Mixed
Model (MIXED) procedure of the SAS. The model
included the group of extender as fixed effect and
boar as random effects. The statistical analysis was
also performed on the basis of freezability of the boar
sperm. Least-square means were obtained from each
class of the factors and were compared using least
significant difference. Statistically significant dif-
ference was defined as P < 0.05.

3 Results

In the present study, fresh semen samples were
evaluated for semen quality before the FT process. On
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average, the sperm concentration of the fresh semen
was 354.5 x 10° spermatozoa per ml and the progressive
motility was 86.0% (Table 1). The quality of FT semen
is presented in Table 1. In group IV, the progressive
motility and acrosome integrity were higher than group |
(P < 0.01) (Table 1). The progressive motility of the
spermatozoa in groups Il and 1V was higher than in
group | (P < 0.01). There was no difference between
the sperm viability and the functional integrity of the
sperm plasma membrane among the groups (P > 0.05)
(Table 1). However, the highest percentage of the
sperm viability and the functional integrity of the sperm
plasma membrane seemed to be observed in group V.
The post-thawed semen qualities, that is, progressive
motility, sperm viability, acrosome integrity and
functional integrity of the sperm plasma membrane
between good and poor freezability of boar spermatozoa
are presented in Table 2. The supplementation of both
DHA and L-cysteine (group 1V) increased progressive
motility by 6.2% (compared with group I, P = 0.59) in
the good freezability semen groups (P < 0.05), whereas
it improved by only 1.7% in the poor freezability
semen groups (P = 0.59) (Table 2). The sperm
viability in group 1V increased by 8.5% compared

with group | (P = 0.15) in the good freezability semen
groups, but decreased by 8.9% in the poor freezability
semen groups (P = 0.99). The acrosome integrity in
group 1V increased by 11.7% compared with group |
(P = 0.14) in the good freezability semen groups,
whereas it improved by 6.2% in the poor freezability
semen groups (P = 0.16). The functional integrity of
sperm plasma membrane in group 1V decreased by
1.5% compared with group | (P = 0.57) in the good
freezability semen groups, whereas it decreased by 4.1%
in the poor freezability semen groups (P = 0.99).

4 Discussion

In the present study, the supplementation of
L-cysteine in the freezing extender improved the
motility of boar spermatozoa after cryopreservation.
This finding is in accordance with Bilodeau et al. [38]
who found that the supplementation of L-cysteine
promoted the motility of the FT bull spermatozoa.
In addition, it has been shown that the supplement
of L-cysteine in extended fresh semen significantly
increases sperm viability and acrosome integrity [43,
44]. Recently, L-cysteine has also been shown to

Table 1. Means + standard deviation of progressive motility (%), sperm viability (%), acrosome integrity (%) and sHost (%) of fresh
sperm and frozen—thawed boar sperm between four groups (n = 15 ejaculates per group).

Frozen-thawed sperm

Sperm parameters Fresh sperm

Group | Group 11 Group 111 Group IV
Progressive motility (%) 86.0 + 3.4 23.7+71.7° 27.3+9.2% 35.3+11.7° 36.3 + 10.6"
Sperm viability (%) 85.9+5.4 46.4+13.3° 49.0 +14.0° 51.6 +12.8° 53.7+12.4°
Acrosome integrity (%) 83.7+7.3 31.9+12.1° 37.0+12.4® 41.8 156" 49.1+126°
sHost (%) 748+8.2 17.4+9.5° 18.5 +10.1° 19.5 +8.2° 21.8+10.7°

*sHost = functional integrity of sperm plasma membrane. Values followed by different alphabets within the same row against each
parameter were significantly different (P < 0.01).

Table 2. Means + standard deviation of progressive motility (%), sperm viability (%), acrosome integrity (%) and sHost (%) of frozen-
thawed boar semen (good freezability and poor freezability) between four groups.
Frozen—thawed Semen

Poor freezability Good freezability

Sperm parameters

Group | Group Il Group I Group IV Group | Group Il Group I Group IV

(n =6) (n=6) (n =6) (n=6) (n=9) (n=9) (n=9) (n=9)
Progressive motility (%) 20.0 £4.5*° 21.3+£25 200£27° 21.7+29"° 338%48 357%6.1° 405+91" 400+83"
Sperm viability (%) 454 +15.0° 34.6+14.0° 40.3+13.1° 36.5+122" 49.1+7.8° 582+91° 569+72"° 57.6+8.9°
Acrosome integrity (%) 30.5+11.9° 36.7+12.9* 28.1+7.1° 36.7+12.9° 383+9.6" 47.3+84% 481+124" 50.0+11.8°
sHost (%)° 142+89 123+74" 113+46° 101+43 263+41° 268+7.9° 221+69° 248+9.8°

sHost = functional integrity of sperm plasma membrane. Values followed by different alphabets within the same row against each
parameter were significantly different (P < 0.01).
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improve sperm viability and acrosome integrity of FT
ram’s semen [39]. The positive effects of L-cysteine
on many sperm parameters might be because of
several factors, for example, L-cysteine can reactivate
ROS and catalyze the detoxification of H,0, and
other superoxides [52]. However, the susceptibility
of spermatozoa to LPO differs among species. The
doses of antioxidant used for different species may
be different. In the present study, 5 mmol L™ of
L-cysteine was used, because a previous study reported
that a concentration of between 2.5 and 5 mmol L™ of
L-cysteine improved extended boar semen qualities [44].
In addition, the present study found that L-cysteine only
improved motility in good freezability boars, whereas
no improvement was noted in poor freezability boars.
To our knowledge, this finding has never been reported
before. It has been shown that there are differences
in specific DNA sequences between boars that have
poor and good post-thawed semen quality [53]. In
addition, the mutation of ubiquitin-specific protease 26
gene on the X-chromosome has been observed in 22%
of infertile men [54]. In our study, poor freezability
boars might have had an abnormal DNA sequence or a
mutation of some specific genes. The supplementation
of L-cysteine may not improve the FT semen quality in
these boars.

In the present study, we found that the supplement
of DHA-enriched hen egg yolk alone did not improve
the post-thawed semen quality. In an earlier study,
Maldjian et al. [42] also failed to improve the post-
thawed semen quality after using DHA-enriched hen
egg yolk instead of normal hen egg yolk. However,
they have shown that the proportion of DHA in
phospholipids of spermatozoa could be increased by
using DHA-enriched hen egg yolk. In the present study,
the percentage of DHA in the sperm plasma membrane
has not been evaluated. On the other hand, Kaeoket
et al. [19] found that the supplementation of DHA by
adding fish oil to the freezing extender successfully
improved the progressive motility, viability, plasma
membrane integrity and acrosome integrity of FT
boar spermatozoa. Therefore, in the present study,
the reason that DHA alone failed to improve the post-
thawed semen quality might be because of a low
concentration of DHA in the DHA-enriched hen egg
yolk. Furthermore, the ability of DHA uptake of
spermatozoa might differ among individual boars
and breeds [55]. In the animal model, it was found
that the supplement of DHA in boar feed significantly

increased the progressive motility and intact acrosome
of fresh semen [56, 57]. However, the supplement
of DHA-enriched cod liver oil in boar diet failed to
improve the freezability of boar semen, even though
cod liver oil supplement increased DHA content of boar
spermatozoa plasma membranes [58]. The influence
of DHA on the freezing ability of boar spermatozoa is
still ambiguous and remains to be further investigated.
Sources and concentrations of DHA, as well as breed
and the individual boar effect on DHA uptake should
also be taken into consideration.

In the present study, the combination of DHA-
enriched hen egg yolk and L-cysteine significantly
increased progressive motility and intact acrosome.
The effect of this combination has never been studied
before. It is known that both DHA and L-cysteine play
a major role in protecting sperm structure and function.
In general, differences in the lipid composition of the
sperm plasma membrane influenced the freezability of
the spermatozoa. The proportion of PUFAS, especially
DHA and DPA, in the plasma membrane of spermatozoa
is affected by use of diluents and by freezing [42].
High levels of PUFAs in the membrane phospholipids
increase membrane fluidity and flexibility [59], and
subsequently improve freezability of the spermatozoa.
In the present study, semen extender containing both
DHA and L-cysteine resulted in the highest post-thawed
semen qualities, especially progressive motility and
acrosome integrity. Acrosome integrity is a parameter
used to evaluate the functional membrane status of the
spermatozoa [49]. Viable spermatozoa with an intact
acrosome are able to undergo the acrosome reaction,
penetrate the zona pellucida and fuse with the oocyte.
The DHA and cysteine combination may protect the
acrosome by enhancing fluidity and increasing ROS
scavenging. However, the use of DHA alone did not
produce a significant difference. This might be because
of the low concentration of DHA used in the present
study compared with that used by Kaeoket et al. [19].
To improve the post-thawed boar semen quality, the
effect of concentrations of DHA and L-cysteine should
be investigated.

Interestingly, in the present study, neither DHA nor
L-cysteine supplementation improved the FT sperm
parameters (that is, progressive motility, sperm viability,
acrosome integrity and functional integrity of sperm
plasma membrane) in poor freezability spermatozoa.
On the other hand, DHA and L-cysteine did improve the
FT semen qualities of good freezability spermatozoa.
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This might be due to the difference of lipid composition
in sperm plasma membrane, and because the ability
of DHA and L-cysteine uptake of spermatozoa differs
among boars [55]. The reason for differences in
the freezability of boar spermatozoa is unknown at
present. A possible explanation might be related to
the genetic variation and/or abnormalities of the DNA
and genes (see above) among boars [56]. It has been
reported that the cryopreservation process significantly
reduced intracellular glutathione (GSH) levels of
boar spermatozoa [17]. Therefore, supplementation
with L-cysteine, a precursor of intracellular GSH
biosynthesis, has a beneficial effect while intracellular
GSH levels are decreased.

In conclusion, the combination of L-cysteine and
DHA-enriched hen egg yolk significantly improved
the progressive motility and acrosome integrity of
FT boar spermatozoa. DHA-enriched hen egg yolk
alone failed to improve the quality of boar sperm after
cryopreservation.
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The aim of this study was to investigate the expression of
progesterone receptor (PR) in the utero-tubal junction (UTJ)
of sows at 24 h after intra-uterine insemination (IUI) and
deep intra-uterine insemination (DIUI) compared with con-
ventional artificial insemination (Al) in pigs. Fifteen multip-
arous sows were used: Al (n = 5), IUI (n = 5) and DIUI
(n = 5). The sows were inseminated with a single dose
of diluted semen during the second oestrus after weaning at
6-8 h prior to ovulation (AI: 3000 x 10° spermatozoa, TUI:
1000 x 10° spermatozoa and DIUI: 150 x 10° spermatozoa).
The UTJ was collected and subject to immunohistochemical
staining using avidin-biotin immunoperoxidase technique
with mouse monoclonal antibody to PR. In the oviductal
part of the UTJ, the intensity of PR in the tunica muscularis
and the proportion of PR-positive cells in the surface
epithelium after DIUI were lower than Al (p < 0.05). The
intensity and the proportion of PR-positive cells between Al
and IUI in all compartments of the UTJ did not differ
significantly (p > 0.05). When comparing between tissue
compartments, prominent staining was observed in the
muscular layer of the UTJ. It could be concluded that the
expression of PR in the UTJ prior to fertilization after DIUI
with a reduced number of spermatozoa was lower than that
after AIl. This might influence sperm transportation and the
fertilization process.

Introduction

The mechanism of sperm transport from the insemina-
tion site to the fertilization area is complex and is
regulated by many factors involving both the female
genital tract and the spermatozoa (Rodriguez-Martinez
et al. 2005). It is well established that the utero-tubal
junction (UTJ) is the primary physical barrier to the
oviduct and the caudal isthmus with the UTJ acting as a
sperm reservoir to restrict sperm access to the fertiliza-
tion site (Hunter 1981; Rodriguez-Martinez et al. 2005).
Ovulation has been postulated to affect sperm transport
by initiating the re-distribution of spermatozoa from the
sperm reservoirs. This re-distribution is regulated by a
change in the hormonal profile that occurs during
ovulation (Hunter 1984). Mburu et al. (1996) recovered
larger sperm numbers within the upper isthmus during
the peri-ovulatory period than during the pre-ovulatory
period.

Recently, two types of a specially-designed catheter
for artificial insemination (AI) in pig have been
established for non-surgical intra-uterine insemination
(IUI) (Watson and Behan 2002; Sumransap et al. 2007)
and deep intra-uterine insemination (DIUI) with
reduction in the number of spermatozoa (Martinez
et al. 2002; Vazquez et al. 2005). These procedures

consist of a specially-designed catheter that can be
passed through the cervix allowing the deposition of
sperm in the uterine body (IUI) or uterine horn
(DIUI). Using these techniques, the number of sper-
matozoa per dose can be reduced. It has been
demonstrated that the IUI technique with a 3-times
reduction in the sperm number per dose resulted in the
same conception rate and litter size, under farm
conditions, compared with Al (Watson and Behan
2002). However, Rozeboom et al. (2004) found that
TUI with <1 x 10° spermatozoa per dose resulted in a
smaller litter size compared with an AI with 4 x 10°
spermatozoa per dose. For DIUI, earlier studies have
shown that the catheter could be passed through the
cervix completely in 90-95% of multiparous sows
(parities 2—6; n = 147) (Martinez et al. 2001, 2002).
The technique has also been used for advanced
biotechnology procedures such as frozen-thawed se-
men, sex-sorted sperm and embryo transfer (Roca
et al. 2003; Vazquez et al. 2003; Martinez et al. 2004).
However, it was found that the number of spermato-
zoa in the sperm reservoir after DIUI with a reduced
number of spermatozoa was significantly lower than
that after Al (Tummaruk et al. 2007). Furthermore,
poor litter size and low fertilization rate have also been
observed for DIUI (Martinez et al. 20006).

It has been demonstrated that progesterone (Py)
significantly increased soon after ovulation in pigs and
influenced the transportation of spermatozoa and
embryos (Mburu et al. 1996). The physiological mech-
anism of P, on sperm transportation in the female
reproductive tract is related to the expression of the
progesterone receptor (PR) in the uterine horn of the
pig (Sukjumlong et al. 2005) and it has been demon-
strated that the PR in the pig oviduct (ampulla and
isthmus) was more intense during the luteal phase
compared with the follicular phase (Peralta et al.
2005). Furthermore, Sukjumlong et al. (2005) demon-
strated that the PR was higher in inseminated sows
compared with cyclic sows, and that the immuno-
staining of PR in the uterus was high during 5 or 6 to
70 h after insemination. Sperm distribution and fertil-
ization after IUI and DIUI with a reduced number of
spermatozoa have been demonstrated (Sumransap
et al. 2007; Tummaruk et al. 2007). However, the
expression of the PR after IUI and DIUI in pigs has
never been investigated. This study was performed to
investigate the expression of the PR in the UTJ of
sows at 24 h after TUI and DIUI compared with that
after Al in pigs.
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Materials and Methods

Animals, detection of oestrus and ovulation and
insemination

Fifteen crossbred Landrace x Yorkshire multiparous
sows were used in the experiment. On the day of
weaning, they were brought from commercial farms to
the Department of Obstetrics, Gynaecology and Repro-
duction, Faculty of Veterinary Science, Chulalongkorn
University and were allocated to individual pens adja-
cent to adult boars. The sows were fed 3 kg/day (twice a
day) with a commercial feed (Starfeed176®; BP Feed
Co. Ltd, Saraburi, Thailand) containing 15% protein,
2% fat and 10% fibre. Water was provided ad libitum
via water nipple. At arrival, the sows were randomly
assigned to three groups according to ear tag, Al
(n = 5), IUI (n = 5) and DIUI (n = 5) groups. The
sows were subjected to boar contact and were observed
for sign of pro-oestrus (e.g., swelling and reddening of
vulva, boar interested) twice a day (aM/PM). When the
signs of pro-oestrus were observed, the sows were
carefully examined for the onset of standing oestrus
every 6 h by using a back pressure test in the presence of
a mature boar. Transrectal ultrasonography (Echo
camera SSD-550; Aloka Co. Ltd., Tokyo, Japan) was
performed every 4 h, starting from approximately 10—
12 h after the onset of oestrus, using a S MHz probe to
examine the time when ovulation took place in all sows
(Tummaruk et al. 2007). The sows were inseminated
with a single dose of diluted semen during the second
oestrus after weaning. The time of ovulation during the
first oestrus was used to determine the timing of
insemination, which was carried out at 6-8 h prior to
the expected time of ovulation. The semen was collected
from an adult Duroc boar. Semen with a motility of
>70%, a concentration of =150 x 10° spermatozoa/ml
and with normal sperm >85%, was extended with
Beltsville thawing solution (Pursel and Johnson 1976).
The sperm dose contained 3000 x 10° spermatozoa in
100 ml for AI, 1000 x 10° spermatozoa in 50 ml for TUI
(Deep golden pig®; Minitube, Tiefenbach, Germany)
and 150 x 10° spermatozoa in 5 ml for DIUI. The sows
were inseminated by the AI, the IUI or the DIUI
technique. Both the IUI and the DIUI techniques have
been described previously by Sumransap et al. (2007)
and Martinez et al. (2001), respectively.

Tissue collection and immunohistochemistry

The sows were generally anaesthetized at approximately
24 h after insemination. General anaesthesia was
induced by azaperone (Stressnil®; Janssen Animal
Health, Beerse, Belgium), 2 mg/kg, intramuscularly.
Thirty minutes later, thio-pental sodium, 10 mg/kg,
was given intravenously. The ovario-hysterectomy was
performed by laparotomy. The reproductive organs
were removed and immediately transferred to the
laboratory. The oviducts and the proximal part of
uterine horns (1 cm) on each side of the reproductive
tracts were collected. The UTJ and all parts of the
oviduct were fixed in 10% neutral buffer formalin. The
samples were embedded in paraffin blocks, cut in 4 um
thick sections and placed on 3-aminopropyl-triethoxysi-
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lane coated slides (SIGMA-ALDRICH, Inc., Steinheim,
Germany). The sections were deparaffinized in xylene
and rehydrated in graded alcohol. The immunohisto-
chemical protocol was modified after Sukjumlong et al.
(2005). Briefly, the antigen retrieval technique was used
to enhance the reaction between antigen and antibody
by boiling in 0.01 ™ citrate buffer pH 6.0, 2 X 5 minin a
microwave at 750 watt. A standard avidin-biotin imm-
unoperoxidase technique (Vectastain® ABC kit; Vector
Laboratories, Inc., Burlingame, CA, USA) was applied
to detect the PR proteins. The primary antibodies used
were mouse monoclonal antibody to PR (Immunotech,
Hamburg, Germany; clone 10A9) at the dilution of
1:200 in a humidified chamber for 2 h at room
temperature. A negative control was obtained by
replacing the primary antibody with non-immune serum
of the same concentration as the primary antibody.
Normal sow oviducts known to express PR served as
positive controls. The oviduct of the positive control
sows was taken during day 1-2 of the oestrus cycle. In
addition, UTJ from four non-inseminated sows (early
dioestrous sows) were included as a non-inseminated
control groups (NAI group). In the final step, the colour
of the bound enzyme (brown colour) was obtained using
3,3’-diaminobenzidine (Vector Laboratories, Inc.). All
sections were counterstained with Mayer’s haematoxylin
and mounted with glycerine gelatin for investigation
under a light microscope.

Classification of positively-stained cells

The UTJ was classified into two parts, the oviductal and
the uterine parts. The oviductal part consisted of three
compartments: surface epithelium, subepithelial layer of
the stroma and muscular layer (tunica muscularis). The
uterine part was classified into four compartments:
surface epithelium, glandular epithelium, subepithelial
layer of the stroma and myometrium. The glandular
epithelium was also divided into superficial and deep
glandular epithelium (Table 2). The results of the
immunostaining were evaluated semi-quantitatively by
a manual scoring method. The scoring of PR-positive
cells was done by classification into three different levels
of intensity: weak, 1; moderate, 2 and strong, 3. As not
all cells stained positively in some compartments of the
tissue, the proportion of positive to negative cells was
also included for these tissues. The estimated propor-
tions were classified into four different levels (marked
1-4): low proportion (<30% of positive cells, 1);
moderate proportion (30-60% of positive cells, 2); high
proportion (>60-90% of positive cells, 3) and almost
all cells positive (more than 90%, 4) (Sukjumlong et al.
2005). In connective tissue stroma of the uterine and the
oviductal part of the UTJ not all cells were positively
stained. Therefore, the number of PR-positive cells per
mm? in the subepithelial layer was identified in each
section. Five arbitrarily chosen microscopic fields were
counted. The counting was performed at 400X magni-
fication by using an ocular reticule (ocular micrometer,
0.13 x 0.13 mm, with 25 squares) placed in the eyepiece
of the light microscope and by moving the ocular
micrometer along the subepithelial layer of the stroma
(Sukjumlong et al. 2003).
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Statistical analysis

Data were analysed using SAS (Statistical Analysis
System; SAS Institute Inc. 1996). The general mean of
all parameters were calculated and were used to
describe all data. The score of intensities and score
of positive cells were compared between groups using
Kruskal-Wallis’s test and Wilcoxon-rank sum test
(NPARIWAY procedure of SAS). A probability
value of p < 0.05 was considered as statistically
significant.

Table 1. Immunohistochemical staining of progesterone receptors
(PR) presented as manual scoring (intensity/proportion) in oviductal
tissue compartments of the uterotubal junction of sows inseminated by
conventional Al, TUI, DIUI and NAI

Results

Immunohistochemical staining of PR after AI, IUI,
DIUI and NAI in the oviductal and the uterine parts of
the UTJ are shown in Tables 1 and 2 and Fig. 1. In the
oviductal part, the intensity of PR in the muscular layer
and the proportion of PR-positive cells in the surface
epithelium after DIUI were lower than that after Al and
IUI (p < 0.05) (Table 1). In the tunica muscularis of
the oviduct, the intensity of PR in the DIUI group were
not significantly different compared with NAI groups

Table 2. Immunohistochemical staining of progesterone receptors
(PR) presented as manual scoring (intensity/proportion) in uterine
tissue compartments of the uterotubal junction of sows inseminated by
Al TUI, DIUI and NAI

Group Surface Superficial Deep
Group of sows Surface epithelium Stroma Tunica muscularis  of sows  epithelium gland gland Stroma Myometrium
Al 1.80/2.74 1.6°/19234 3.0%/4.0% Al 1.6%/277% 14524 1.4%24%  1.8%/1990" 3.00/4.0%
U1 1.4%/2.5% 2.4/2370* 3.04/4.0% Ul 148278 139240 1.4%25%  2.4°/2370% 3.0°/4.0%
DIUI 1.3%/1.8% 1.7%/147548 2.2°/3.748 DIUI 1.6%/27%  1.2%/1.8%  1.2%/1.9%  1.8%/19337B  220/3.8AB
NAI 2.0%/3.84 1.5%/663" 2.5%0/2.58 NAI 2047334 23Y3.8%  23Y/38%  1.5/663" 2.5%/2.58

The different superscript letters between rows are significantly different

(p < 0.05).

Al artificial insemination; TUI, intra-uterine insemination; DIUI, deep intra-
uterine insemination; NAI, non-inseminated control.

The different superscript letters between rows are significantly different

(p < 0.05).

Al artificial insemination; IUI, intra-uterine insemination; DIUI, deep intra-
uterine insemination; NAI, non-inseminated control.

Fig. 1. Expression of progesterone
receptor (PR) in the utero-tubal
junction (UTJ) of sows: (a) nega-
tive control, (b) positive control,
(c) artificial insemination (Al), (d)
intra-uterine insemination (IUI),
(e) deep intra-uterine insemination
(DIUI) and (f) non-inseminated
sows (NAI). SE, surface epithe-
lium; STR, stroma layer; M,
myometrium; black arrow indicate
positive staining cell

© 2009 Blackwell Verlag GmbH
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(Table 1). In the uterine part, both the intensity and the
proportion of PR-positive cells in all tissue compart-
ments were not significantly different except for the
myometrium in which a higher intensity was found for
Al and TUI compared with DIUI (p < 0.05) (Table 2).

The proportion of PR-positive cells in the stroma and
the myometrium in the NAI group was significantly
lower than the AI and IUI groups (p < 0.05) in both
the oviductal (Table 1) and the uterine parts of the UTJ
(Table 2). The intensity and the proportion of PR-
positive cells did not differ significantly between IUI and
Al groups in all compartments of the UTJ (p > 0.05).
For AI and IUI, high intensities and high proportion of
PR-positive cells were observed in myometrium com-
partments of the UTJ, while low intensities of
PR-positive cells were always observed in the tunica
muscularis of DIUI group (Fig. 1). When comparing
between tissue compartments, the prominent stating was
observed in the muscular layer of the UTJ for all groups
(Table 3).

The intensities of the PR in each side of the
reproductive tract were compared in each individual
sows in all groups. In the Al group, the intensities of the
PR between left and right UTJ in all tissue layers in both
the oviduct and the uterine compartments were similar
in all sows. In the IUI group, the intensities of PR
between left and right UTJ in the surface epithelium and
myometrium of the oviduct and the uterine compart-
ments were similar in all sows and the intensities of PR
in the stroma layer of the oviduct and the uterine
compartments and in the glandular layer of the uterine
compartment were similar in four out of five sows. For
the DIUI group, the intensities of PR between left
and right UTJ in the surface epithelium of the uterine
compartment, myometrium of the oviduct and the
uterine compartments, glandular epithelium of the uter-
ine compartment were similar in all sows, and the
intensities of PR in the stroma of the oviduct were
similar in four out of five sows and in the stroma of the
uterine compartments were similar in three out of five
sows (data not shown).

Discussion

This study demonstrated the expression of PR after IUI
and DIUI in pigs compared with that after Al. Intra-
uterine insemination and DIUI are new techniques for
insemination in pigs, and the expression of PR after IUI
and DIUI have never been reported before. It is known
that P, mediates changes in pig reproductive tissue
during the oestrous cycle and is important for the

Table 3. Immunohistochemical staining of progesterone receptors
(PR) presented as manual scoring (intensity/proportion) in oviduct
and uterine tissue compartments of the uterotubal junction of all sows

Surface Connective Tunica muscularis
Tissue epithelium tissue stroma or myometrium
Oviduct 1.6*/2.3* 1.7°/1699* 2.6%/3.9%
Uterus 1.6/2.7% 1.8%/1962% 2.6%/3.9%

The different superscript letters between rows are significantly different
(p < 0.05).

© 2009 Blackwell Verlag GmbH

fertilization process. During recent years, the expression
of PR in pigs as well as in other species has been
investigated (Hartt et al. 2005; Peralta et al. 2005;
Sukjumlong et al. 2005). An earlier study has demon-
strated that the immunostaining of PR in the uterus was
high during 5 or 6 to 70 h after insemination (Sukjum-
long et al. 2005). The sows in all groups of this study
were slaughtered at 24 h after insemination and the
expression of PR in some compartments of the UTJ in
the DIUI groups was significantly lower than that in the
AT and IUI groups. The number of spermatozoa and the
volume of semen used for DIUI are 20 times less than
Al It has been demonstrated that E, up-regulates PR in
the pig uterus (Sukjumlong et al. 2005). As the boar
semen contain a certain amount of E,, a low volume of
semen used for DIUI might also influence the expression
of PR due to the lower amount of E,. Wu et al. (2006)
demonstrated that PR influences the capacitation pro-
cess of spermatozoa prior to fertilization. The role of PR
expression in the oviduct on the fertilization rate after
DIUI with a low number of spermatozoa is still unclear.
In our previous study, the mean number of spermatozoa
in the crypt of the sperm reservoir (both UTJ and caudal
isthmus) after DIUI was significantly lower than that
after AI and TUI (Tummaruk and Tienthai 2008). In this
study, expression of PR in the tunica muscularis/my-
ometrium of the oviductal and the uterine part of the
UTJ after DIUI was lower than that after Al and TUI.
These findings indicate that DIUI with 150 x 10°
spermatozoa significantly reduced the number of sper-
matozoa in the sperm reservoir and reduced the expres-
sion of PR in the UTJ. This might influence the re-
distribution of the spermatozoa and the fertilization
process. In clinical research, a low fertilization rate and
poor quality of embryos after DIUI with a small
number of spermatozoa have also been observed (Mar-
tinez et al. 2006). Although DIUI with a 20-fold
reduction in number of spermatozoa resulted in a
similar pregnancy rate compared with AI, a higher
number of partial fertilizations, unilateral fertilizations
and lower litter size were also observed (Martinez et al.
20006).

In general, the amount of spermatozoa recommended
to be used for TUI was three times less than AI. This
study indicates that the reduction in the number of
spermatozoa per insemination by IUI technique dose
not alter the expression of PR in the UTJ. P, influences
the transportation of spermatozoa both before and after
fertilization (Mburu et al. 1996). This study suggests
that TUI could be used without any effect on the
expression of PR in the sperm reservoir prior to
fertilization. The sperm acrosome reaction is required
for mammalian fertilization. It has been suggested that
P, is a physiological inducer for sperm acrosome
reaction (Wu et al. 2006). In our previous study, the
mean number of spermatozoa in the sperm reservoir
after IUI was not significantly different from that after
Al (Tummaruk and Tienthai 2008). In this study,
expression of PR in both the oviductal part and the
uterine part of the UTJ after IUI was not significantly
different from that after conventional AI. These findings
indicate that IUI with 1000 x 10° spermatozoa is
sufficient to obtain a certain number of spermatozoa
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in the sperm reservoir and does not alter the expression
of PR in the UT]J.

In the uterus of the sow, there are several communi-
cations between the uterine epithelial cells and the
spermatozoa. These mechanisms depend on many fac-
tors, e.g., viability of the spermatozoa, concentration of
the semen, presence of seminal plasma, receptors and
some mediators (Rath et al. 2008). For instance, it was
found that spermatozoa have a regulating influence on
epithelial cytokine expression, and that three of five
tested cytokines were down-regulated to baseline levels
in the presence of spermatozoa (Rath et al. 2008). In our
previous study, a number of spermatozoa were observed
in the crypt of the sperm reservoir after Al, IUI and
DIUI (Tummaruk and Tienthai 2008). The up-regula-
tion of PR in the epithelial cells of the UTJ observed in
this study might be, at least in part, due to the presence
of spermatozoa in the epithelial crypt. It was found that
direct contact between spermatozoa and the epithelium
of the UTJ is required to allow the sperm go through the
UTIJ to form the sperm reservoir (Rath et al. 2008).
Furthermore, the maintenance of the sperm reservoir
involved several factors, e.g., mucous secretion, oviduc-
tal fluid, temperature gradient and receptor—ligand
interaction between spermatozoa and oviductal epithe-
lial cells (Tienthai et al. 2003; Rodriguez-Martinez et al.
2005; Rath et al. 2008). In this study, changes in PR
expression in the oviductal epithelium reveal that the
modification of the Al technique and the reduction in
number of spermatozoa and semen volume might
influence the mechanism involving sperm reservoir
formation and perhaps also the re-distribution of
spermatozoa heading to the fertilization site.

It could be concluded that the expression of PR in the
tunica muscularis and the myometrium of the UTJ prior
to fertilization after DIUI with a 20 times reduced
number of spermatozoa was significantly lower than
that after Al and IUI. This might influence sperm
transportation and the fertilization process by the
mechanisms which involve the expression of PR.
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Abstract

The objectives of the present study were to evaluate the damage of DNA of the frozen-thawed (FT) boar
spermatozoa and to investigate the effect of various concentrations of L-cysteine supplementation on the sperm DNA
damage. A total of 104 cryopreserved semen samples from twenty-six ejaculates of 16 proven boars were analyzed. Of
these samples, each semen sample contained a different concentration of L-cysteine i.e., 0 (n=41), 5 (n=41), 10 (n=11)
and 15 (n=11) mM. All of the semen samples were cryopreserved by controlled-rate freezer. The semen was thawed at
50°C for 12 sec and the damage to the sperm DNA was determined using acridine orange (AO) staining. The results
revealed that, on average, the DNA damage was observed in 0.5% of the FT boar spermatozoa. DNA damage varied
among the boars from 0.0% to 4.0%. The levels of DNA damage were 0.6%, 0.4%, 0.5% and 0.9% in the extenders
supplemented with 0, 5, 10 and 15 mM of L-cysteine, respectively (p>0.05). In conclusion, the DNA damage of the FT
boar spermatozoa was relatively low. No adverse effect of L-cysteine supplementation up to 10 mM on the damage of
the sperm DNA was found. Boar characteristic is the most important factor affecting the damage of the sperm DNA.
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Introduction

In general, the fertility rate of female pigs is
largely depends on the male factors. A number of
studies based on many mammalian species
demonstrate that the male factors caused infertility in
the female due to many problems, e.g., congenital
abnormalities, gene mutation, infectious disease and
the damage or fragmentation of DNA of the
spermatozoa (Agarwal and Said, 2003; Guerin and
Pozzi, 2005). During the last decade, one area of
research interest is the studies on the sperm DNA
damage that influence male fertility in either humans
or animals (Agarwal and Said, 2003; Rybar et al., 2004;
Boe-hansen et al., 2005; Perez-Llano et al., 2006).
Earlier studies demonstrated that the sperm DNA can
be damaged by various mechanisms such as reactive
oxygen species (ROS) and apoptosis (Agarwal and
Said, 2003). It has been revealed that the DNA
damage of the boar spermatozoa depends on two
main factors i.e., the tight packaging of chromatin of
the spermatozoa of each boar, and the amount of
antioxidant substances in seminal plasma (De
Ambrogi et al., 2006). Generally, boar spermatozoa
are highly susceptible to lipid peroxidation. The

reason is that the plasma membranes of the boar
spermatozoa contain high level of polyunsaturated
fatty acids and also the cytoplasm has a low level of
scavenging enzymes (Alvarez and Storey, 1995;
Sharma and Agarwal, 1996). Chanapiwat et al. (2009)
demonstrated that a number of sperm parameters,
e.g., progressive motility, sperm viability and
acrosome integrity, significantly decreased after
cryopreservation. However, cryopreserved boar
semen with the subjective motility of higher than 40%
is still recommended to be used in the swine industry
(Eriksson et al., 2000; Buranaumnuay et al., 2010). It
was found that the use of FT boar semen under field
conditions generally led to a reduction of 2-3 piglets
per litter (Johnson et al., 2000; Roca et al., 2003;
Buranaumnuay et al., 2008). This might possibly be
caused by low fertilization and/or a high proportion
of early embryonic loss in which sperm DNA
integrity was one of the key factors for successful
fertilization and embryo development (Lopes et al.,
1998).

There are several methods to determine the
sperm DNA damage including, for instance, the
sperm chromatin structure assay (SCSA) (Evenson et
al, 1994, Rybar et al, 2004), Terminal
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deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL) (Martins et al., 2007), comet assay (Fraser
and Strzezek, 2004), and acridine orange (AO)
staining (Thuwanut et al., 2008). AO staining is
commonly used for assessing sperm DNA damage in
many mammalian species including humans, dogs,
bulls and cats (Rota et al., 2005, Dejarkom and
Kunathikom, 2007; Martins et al., 2007; Thuwanut et
al., 2008). Using this technique, the DNA damage of
the FT sperm was 48.1%, 2.5%, 0.5% and 13.3% in
humans (Dejarkom and Kunathikom, 2007), dogs
(Rota et al., 2005), bulls (Martins et al., 2007) and cats
(Thuwanut et al., 2008), respectively.

In the boar, it has been demonstrated that a
number of factors influence sperm DNA damage such
as long-term storage of extended boar semen (Boe-
hansen et al., 2005; Peréz-Llano et al., 2006), sex-sorted
boar semen using flow cytometry (De Ambrogi et al.,
2006), and the freezing and thawing process (Evenson
et al., 1994; Cordova-Izquierdo et al., 2006; Hu et al.,
2008). During the last decade, the use of
cryopreserved boar semen under field conditions has
increased (Eriksson et al., 2002; Roca et al., 2003). It
was found that both the conception rate and the total
number of piglets born per litter after using
cryopreserved boar semen for artificial insemination
(AI) was significantly lower than the use of extended
boar semen for Al (Eriksson et al., 2002; Roca et al,
2003). Since the cryopreservation of the spermatozoa
can induce ROS formation and leads to lipid
peroxidation and DNA oxidation, the evaluation of
DNA damage of the cryopreserved boar sperm
should be performed. To our knowledge, few studies
on sperm DNA damage have been conducted in boars
(Hu et al., 2008; Fraser et al., 2009) but the influence of
antioxidant supplementation in the semen extender
on the sperm DNA damage has not been studied.

The objectives of the present study were to
determine the damage to sperm DNA of the FT boar
semen in relation to post-thawed sperm qualities and
the  influence of  antioxidant  (L-cysteine)
supplementations in different concentrations in the
semen extender, and variation among boars.

Materials and Methods

Semen samples: A total of 104 cryopreserved semen
samples from 16 proven boars were used in the
experiment. The semen was collected from 5 Pietrain,
4 Duroc, 4 Landrace and 3 Yorkshire boars. Of these
samples, each semen sample contained a different
concentration of L-cysteine i.e., 0 (n=41), 5 (n=41), 10
(n=11) and 15 (n=11) mM. All of the semen samples
were obtained from boars used for routine Al in two
commercial swine herds in Ratchaburi Province. The
boars were kept in individual pens in a conventional
open-housed system. Boars were fed twice daily and
water was provided up to ad libitum via water nipple.
Semen was collected by the gloved-hand method with
an interval of at least 5-7 days. Semen qualities
including semen volume, pH, subjective sperm
motility, sperm concentration, sperm viability and
sperm morphology were evaluated by the first author
of the present study (P. Chanapiwat). Ejaculated
semen with a subjective motility of at least 70%, a
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sperm concentration of at least 150 spermatozoa/ml,
and normal sperm morphology of more than 80%
were included in the experiment.

Semen freezing and thawing procedures: The
cryopreservation procedure of the boar semen was
carried out according to our previous study
(Chanapiwat et al., 2009). Briefly, the sperm-rich
fraction of ejaculated semen was diluted with
extender I (Modena™, Swine Genetics International,
Ltd., Iowa, USA), equilibrated for 2 hrs at 15°C, and
centrifuged at 800xg for 10 min at 15°C. The semen
pellet was re-suspended (about 1-2:1) with lactose-egg
yolk (LEY) extender II (80% (v/v) lactose solution and
20% (v/v) egg yolk) to a concentration of 1.5x10°
spermatozoa/ml. The re-suspended semen was
divided according to the concentration of L-cysteine
in the semen extender into 4 groups, i.e., 0, 5, 10, 15
mM L-cysteine supplementation. The semen was
equilibrated at 5°C for 90 min and further diluted
with extender III (89.5% extender II, 9% glycerol and
1.5% Equex-STM) to obtain the final concentration of
1,000x10¢ spermatozoa/ml and 3% (v/v) glycerol. The
semen was loaded into 0.5 ml straws (Bio-Vet, Z.I1. Le
Berdoulet, France) and frozen using a controlled rate
freezer (Icecube 14s, Sylab, Purkersdorf, Austria). The
freezing rate was 3°C min-1 from +5 to -5°C, then 50°C
min -1 from -5 to -140°C and plunged into liquid
nitrogen (-196°C) for storage. The frozen semen was
thawed at 50°C for 12 sec. The thawed semen was
diluted (1:4) with extender I and incubated in water-
bath at 37 °C for 15 min before sperm assessment.

Post-thawed semen evaluation

Sperm concentration and subjective motility: The
concentration of the boar sperm was evaluated by a
Neubauer haemocytometer (Boeco, Humburg,
Germany) at a dilution of 1:100 (v/v) (Beardon and
Fuquay, 1997). The subjective sperm motility was
evaluated on a warm plate at 37°C under a phase
contrast microscope at 200x magnification.

Sperm viability: The sperm viability was assessed
using  SYBR-14/Ethidiumhomodimer-1  staining
technique (Fertilight®, Sperm Viability Kit, Molecular
Probes Europe, Leiden, The Netherlands), which
modified after Axnér et al. (2004). Ten pl of semen
samples were mixed with 2.7 pl of the working
solution of SYBR-14 (diluted with DMSO 1:100, v/v)
and 10 pl of EthD-1. The mixture was incubated at
37°C for 20 min, 200 sperm were counted (x1000)
under fluorescence microscope. The nuclei of the live
spermatozoa with intact plasma membrane were
stained green with SYBR-14, while those with
damaged membranes were stained red-green and
dead spermatozoa were stained red with EthD-1
(Axnér et al, 2004; Chanapiwat et al., 2009). The
results were presented as the percentage of live
spermatozoa with intact plasma membranes.

Acrosome integrity: Acrosome integrity was assessed
using fluorescein isothiocyanate-labeled peanut
agglutinin (FITC-PNA) staining. The method was
carried out according to our previous study
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(Chanapiwat et al., 2009). Ten pl of the diluted semen
was mixed with 10 pl of EthD-1 and incubated at 37°C
for 15 min. An aliquot of 5 ul was smeared on a pre-
warmed slide and immersed in 95% ethanol for 30
sec. Fifty pl of working solution of Fit C-PNA (diluted
with PBS 1:10 v/v) was spread over the slides and
placed on the chamber at 4°C for 30 min. Thereafter,
slides were rinsed with cold PBS and air dried. 200
spermatozoa were counted under fluorescence
microscope at 1000x magnification and classified as
intact acrosome, reacted acrosome, and loose
acrosome (Cheng et al., 1996, Axnér et al., 2004). The
results were presented as the percentage of
spermatozoa with intact acrosome.

DNA damage: DNA damage was evaluated by
Acridine orange (AO) staining. The technique was
modified after Thuwanut et al. (2008). Briefly, two
smears from each sample were prepared on glass
slide and air-dried. Each slide was fixed overnight in
freshly prepared Carnoy’s solution (methanol: glacial
acetic acid, 3:1 v/v). Thereafter, slides were air-dried,
and stained with 1% (100 mg/ml) AO (Sigma) for 10
min. The AO working solution was daily prepared by
mixing 10 ml of 1% AO with 40 ml of 0.1 M citric acid
and 25 ml of 03 M NaHPO.7H,O (Merck,
Darmstadt, Germany), pH 2.5 and stored in the dark
at room temperature. After staining, the slides were
gently rinsed by distilled water and air-dried. At least
one thousand spermatozoa were counted under the
fluorescence microscope. The spermatozoa showing
the green fluorescence was considered normal DNA
(double-stranded) while those spermatozoa showed
orange or red fluorescence were considered damaged
DNA (Figure 1). The results were presented as the
proportion of the damage/single stranded DNA per
1,000 counted spermatozoa.

DNA damage -
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Figure 1 The damage of DNA of the FT boar
spermatozoa stained with orange (arrow)

Statistical analysis: The statistical analysis was
performed using the Statistical Analysis Systems
software package version 9.0 (SAS, 1996). All
parameters were evaluated for normality by using the
UNIVARIATE procedure option NORMAL PLOT.
Pearson’s correlation was used to analyze the
relationships among the post-thawed sperm qualities
and the sperm DNA damage. The semen samples
were classified as “good” and “poor” freezability
according to post-thawed motility. If the post-thawed
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motility > 35%, the sperm sample was classified as
“good freezability.” If post-thawed motility < 35%,
the sperm sample was classified as “poor
freezability”. The sperm DNA damage was compared
between good and poor freezability semen by using
Student’s t-test. The influence of boar characteristics
and L-cysteine supplementation on subjective
motility, sperm viability, acrosome integrity and DNA
damage were analyzed using the General Linear
Model (GLM) procedure of the SAS. The model
included boar (16 boars) and concentrations of L-
cysteine supplementation (0, 5, 10 and 15 mM) as
fixed effects. In the results, least significant difference
(LSD) test were used to compared least-square means
from each class of the factors. p < 0.05 was considered
as statistically significant.

Results

Descriptive statistics: Subjective motility, sperm
viability, acrosome integrity and sperm DNA damage
of FT boar semen are demonstrated in Table 1. On
average, the sperm DNA damage was 0.5% (Table 1).
A negative correlation was found between the sperm
DNA damage and the subjective motility (r=-0.21,
p=0.03) and the sperm viability (r=-019, p=0.04).

Table 1 Descriptive statistics for sperm parameters
measurements of FT boar sperm (n=104)

Sperm Parameters Mean + SD Range

Subjective motility (%) 29.3+13.5 5-55
Sperm viability (%) 45.5+13.8 10-83
Acrosome integrity (%) 39.4+16.1 9-80
Sperm DNA damage (%) 0.5+0.6 0-4

Effect of boar and breed: Among the boars,
the sperm DNA damage varied between 0.0% and
4.0% (p=0.05). The sperm DNA damage in the 16
boars is presented in Figure 2. Comparing among
breeds, the sperm DNA damage was 0.9%, 0.3% and
04% in Duroc, Landrace and Yorkshire boars,
respectively.
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Figure 2 Percentage (Mean+SEM) of the sperm DNA
damage for each individual 16 boars (3
Yorkshire, 4 Landrace, 4 Duroc and 5
Pietrain)

Effect of L-cysteine supplementation: Subjective
motility, viability, acrosome integrity and the sperm
DNA damage were compared among groups of
semen with different concentrations of L-cysteine
supplementation. Subjective motility, viability and
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acrosome integrity in the FT boar semen
supplemented with 10 mM were higher than those
supplemented with 0 and 15 mM (Table 2). The sperm
DNA damage in the extenders supplemented with 0,
5, 10 and 15 mM were 0.6%, 0.4%, 0.5% and 0.9%,
respectively (Table 2). The sperm DNA damage in the
FT boar semen supplemented with 15 mM was
significantly higher than those supplemented with 5

mM (p<0.05) (Table 2).

Sperm DNA damage in good and poor freezability
sperm: DNA damage in good and poor freezabilty
sperm is demonstrated in Table 3. As can be seen
from the table, the sperm DNA damage was not
significantly =~ different between good and poor
freezability semen (p=0.23).

Table 2 Meanststandard deviation of progressive motility (%), sperm viability (%), acrosome integrity (%) and sperm
DNA damage (%) of FT boar semen between 4 groups (0, 5, 10, 15 mM L-cysteine supplementation)

L-cysteine supplementation (mM)

Sperm parameters

0 (n=41) 5 (n=41) 10 (n=11) 15 (n=11)
Subjective motility 17.6£9.12 28.8+13.9v 34.4+13.5b 15.848.22
Sperm viability 28.9+6.82 44.5+5.2b 50.5+5.90 32.548.32
Acrosome integrity 18.7+6.52 32.8+10.3b«c 41.3+£10.2¢ 26.3+11.1ab
Sperm DNA damage 0.6+0.6ab 0.4+0.3 b 0.5+0.4ab 0.9+1.2a

abe values with different superscripts within row differ significantly (p<0.05)

Table 3 Means#standard deviation of subjective motility (%), sperm viability (%), acrosome integrity (%) and sperm
DNA damage (%) of good and poor FT boar semen

Good freezability Poor freezabilty
Sperm parameters (n=29) (n=75) P-value
Subjective motility 42.5+7.9 20.448.2 <0.001
Sperm viability 53.1+13.9 41.3+15.6 <0.001
Acrosome integrity 48.7+16.2 32.4+17.0 <0.001
Sperm DNA damage 0.34+0.33 0.44+0.59 0.23
et al., 1994). In other species, e.g., bulls (Martins et al.,
Discussion 2007; Van der Schans et al., 2000) and dogs (Rota et al.,

In the present study, the sperm DNA
damage of FT boar semen was relatively low and
varied considerably among the boars. The low sperm
DNA damage as determined by AO staining in the
present study was in agreement with earlier studies in
pigs, where other methods, e.g.,, SCSA and sperm
chromatin dispersion test, were used (Rybar et al.,
2004; Enciso et al., 2006; Perez-Llano et al., 2006). On
the other hand, Evenson et al. (1994) demonstrated
that the sperm DNA damage of the boar FT semen as
determined by SCSA was as high as 4.5%. In addition,
Rybar et al. (2004) found that the sperm DNA damage
of boar spermatozoa after the FT process measured by
SCSA varied between 1.6-17.6% among individual
boars. These findings indicate that the sperm DNA
damage of the FT boar semen was relatively low and
varied considerably among the boars. The difference
on the sperm DNA damage between the present
study and earlier studies might be due to the
difference in populations of boars, freezing technique
and evaluation technique were used.

In the present study, most of the sperm
parameters significantly decreased after the FT
process, but the sperm DNA damage was not affected.
This finding is in agreement with an earlier study in
boars that boar sperm DNA was highly tolerant to
cryopreservation. The reason is that the boar sperm
DNA is highly condensed with nuclear proteins
especially protamine-1 in the sperm nucleus (Evenson

2005), similar findings have also been demonstrated.
On the other hand, Fraser and Strzezek (2007)
demonstrated that the sperm DNA damage of the FT
boar semen was significantly increased. Likewise,
Bochenek et al. (2001) demonstrated that the
cryopreservation of the bull semen significantly
affected the percentage of sperm DNA damage. In
bucks, Peris et al. (2004) found that the
cryopreservation also affected the DNA damage of
the sperm cells. The reasons behind these
contradictory results are unknown, but might be
related to the different freezability among different
populations. In the present study, ejaculates with a
poor freezability had a relatively higher percentage of
sperm DNA damage than ejaculates with a good
freezability.

The present study demonstrated that the
supplement of L-cysteine in the freezing extenders up
to a concentration of 10 mM did not influence the
sperm DNA damage of FT boar semen. It has been
demonstrated that oxidative stress is one mechanism
which contributes to sperm DNA damage (Bilodeau et
al., 2000). The FT process produced a high level of
ROS which may induce sperm DNA damage (Barroso
et al., 2000; Bilodeau et al., 2000). The finding in those
studies indicated that, although L-cysteine was known
to enhance membrane integrity and motility of the FT
spermatozoa, but did not alter the sperm DNA
damage of the boar sperm (Kaeoket et al., 2008;
Thuwanut et al., 2008). However, in the present study,
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the FT boar semen supplemented with L-cysteine up
to 15 mM resulted in a higher percentage of sperm
DNA damage compared to those supplemented with
of 5 mM of L-cysteine. The reason for this is unknown,
but awareness of the too-high concentration of
antioxidant supplementation should be addressed.
The advantage of the L-cysteine supplementation
included an improvement of post-thawed motility
and membrane integrity of the boar semen
(Chanapiwat et al., 2009), while supplementation of L-
cysteine with too high concentration may increase
DNA damage and subsequently cause infertility.

In the present study, the negative
correlations between the sperm DNA damage and
other sperm parameters are observed. This is in
accordance with the previous studies in boars
(Hernandez et al., 2006), bulls (Januskauskas et al.,
2001), and bucks (Peris et al., 2004). This indicated that
when the sperm motility and viability decreased, the
sperm DNA damage increased. The reasons might be
due to that the DNA fragmentation might disrupt the
vitality of spermatozoa during the FT process. In
addition, a high level of sperm DNA damage
indicates that the spermatozoa may have a low
fertilizing capacity. This could not be determined by
using others routine semen evaluation techniques.
Therefore, both routine semen evaluation and sperm
DNA damage assessment should be carried out in
order to effectively determine the fertilizing capacity
of the FT boar semen.

In conclusion, the sperm DNA damage of the
FT boar spermatozoa was relatively low. No adverse
effect of L-cysteine supplementation up to 10 mM was
found on the sperm DNA damage. Boar characteristic
is the most important factor affecting the damage of
sperm DNA.
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Objectives

The present study was performed to evaluate in vivo
fertility results after intra-uterine insemination (IUI)
using frozen-thawed (FT) boar semen in induced-
ovulating weaned sows.

Materials and methods

The experiment was conducted between November and
December 2008 in a commercial swine herds, Thailand.
Forty Landrace sows paritics 2 to 7 with a weaning-to-
estrus interval of 2 to 5 d were included. The sows were
randomly allocated into 2 groups: control (n=20) and
treatment (n=20). The control sows were inseminated
with  extended  fresh  semen  (3.000x10°  motile
spermatozoa/dose, 100 ml) at 24, 36 and 48 h after
standing estrus and the treated sows were inseminated
with FT semen (2,000x 10" motile spermatozoa/dose, 20
ml) at 24, 32 and 40 h after the standing estrus. Both
groups were inseminated using UL procedure. The FT
semen was obtained from 10 Yorkshire boars, routine
use for Al in the herd. The freezing procedure was
carried out according to our previous study (1). Briefly,
semen was extended in extender I (Modena™), cooled
down to 15°C for 2 h, centrifugation at 800xg for 10 min,
diluted in lactose-egg yolk (LEY) extender (1), cooling
to 5°C for 90 min, re-suspended with extender 111 (LEY
extender, 9% glycerol and 1.5% Equex STM Paste),
packed into 0.5 ml straws, and frozen by placing in
liquid nitrogen (LN;) vapor at 3 ¢m above the level of
LN, for 20 min and then plunged into LN,. Thawing
was achieved by immersing the straws in 50°C of water
for 12 sec. The FT semen was diluted with 20 ml of
Modena"™ extender. The diluted semen was incubated at
37°C for 10 min and checked for individual motility
before insemination. FT semen with a motility of 240%
was used for insemination. In the treatment group,
human chorionic gonadotropin (hCG, Chorulon™) 750
1U was applied to the sows at standing estrus to induce
ovulation. The time of ovulation was determined by
monitoring the appearance of the follicles every 8 h
using transrectal real time B-mode ultrasonography. The
ovulation time was defined as 4 h before the first time
when no follicles were visible. Conception rate (24 d
non-return rate), farrowing rate (FR), total number of
piglets born/litter (TB) and number of piglets born
alive/litter (BA) was evaluated. Conception rate and FR
were analyzed by Chi-square test. TB and BA were
analyzed by ANOVA.
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Results and Discussion

On average, individual motility of the FT semen used
for [UI was 44.5%. The interval from onset of estrus to
ovulation (EOI) was 42.9+4.9 h and interval from hCG
injection to owvulation (HOI) was 36.443.9 h. The
interval between the latest insemination and ovulation
(I01) was 4.3+53 h (Table 1). The reproductive
performances of all inseminated sows are presented in
Table 1. The conception rate, FR, TB and BA were not
significantly different between sows inseminated with
extended fresh semen and sows inseminated with FT
semen (P>0.05). However, the sows inseminated with
extended fresh semen tended to have a higher
conception rate compared with sows inseminated with
FT semen (P=0.07). In the control group, the failure of
farrowing included abortion (n=4), sow death (n=2) and
irregular return to estrus (n=2). In the treatment group,
the failure farrowing included abortion (n=1) and
irregular return to estrus (n=1).

Table 1 Reproductive data of sows inseminated using
intra uterine insemination with extended fresh semen
(control) compared with frozen-thawed (FT) semen

Parameters Group
Control FT-semen
(n=20) (n=20)
Parity number 4.3 (2-6) 3.9(2-7)

BCS 22 23

WOI (days) 3.0 (2-5) 3.7 (2-4)

FT motility (%) NA 44.5 (40-50)
EOI (h) NA 42.9 (38-50)
HOI (h) NA 36.4 (33-42.5)
101 (h) NA 4.3 (1.5-17.5)
Conception rate(%) 95 75

Farrowing rate (%) 55 65"

B 10.1£0.8 9.2+0.8"™

BA 8.3x1.1 8.6+0.9™

*P=0.07; ns=not significant (F=0.1)

In conclusion, the present study demonstrated that 1UI
with a relative low number and low volume of FT semen
in induced-ovulating sows resulted in reasonable
conception rate, TB and BA.
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Introduction

During the last decade, the use of frozen-
thawed (FT) boar semen in commercial swine
herd is increasing (1). The success of using FT
boar semen is mainly due to the improvement of
the cryopreservation protocol (2) and the
development of intra-uterine insemination
technique (3). The objective of the present study
was to investigate the conception rate and litter
size at birth in sow after intra-uterine
insemination with FT boar semen compared
with extended fresh semen.

Materials and Methods

Twenty nine Landrace sows, 2nd to 9th
parity, with a weaning-to-oestrus interval (WOI)
of <6 days were included. Sixteen sows were
inseminated using conventional extended fresh
semen and 13 sows were inseminated using FT
boar semen. Both groups were inseminated
using intra-uterine insemination procedure. An
ovulation in the sows inseminated with FT
semen was induced by human chorionic
gonadotropin (hCG). Time of ovulation was
determined by using transrectal real time B-
mode  ultrasonography. Conception rate,
farrowing rate (FR), total number of piglets
born/litter (TB) and number of piglets born
alive/litter (BA) were analyzed. TB and BA were
analyzed using Student’s t-test. Conception rate
and FR were analyzed using Chi-squared test.

Results and Discussion
Reproductive performance of sows after
intra-uterine insemination with fresh and FT
boar semen are demonstrated in Table 1. Of the
sows inseminated with FT boar semen, the
interval from onset of oestrus to ovulation was
43.0£5.1 h and the interval from hCG injection to

ovulation was 36.5£3.5 h. The conception rate
was 81.25% and 76.92% in sows inseminated
with extended fresh semen and FT boar semen,
respectively (p=0.77). TB and BA were 11.45 and
10.73 piglets/litter in sows inseminated using
fresh semen and were 8.67 and 8.44 piglets/litter
in those inseminated using FT boar semen
(p<0.05). The present study demonstrated the
successful ~ application  of  intra-uterine
insemination in sows using FT boar semen in a
swine commercial herd.

Table 1 Reproductive performance of sows after
intra-uterine insemination using fresh and
frozen-thawed boar semen

Parameters = Frozen semen
semen

Number of sows 16 13

Parity 5.242.02 5.7£1.92

Body score 2.75+0.32a  2.9240.192

WOI (d) 4.33+1.112  3.46+0.78P

Conceptionrate(%)  81.252 76.922
Farrowing rate (%)  68.752 69.232
11.45+1.372 8.67+2.35b
10.73£1.272 8.44+2.07°

Total born/litter

Born alive/litter
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