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Abstract

Atrazine is an organic herbicidal compound used to eradicate broadleaf and
grassy weeds in agricultural crops. Atrazine exposure leads to altered membrane lipid
composition and cell morphology, induces DNA damage, and changes the level of
antioxidant enzymes and vitamin E. There are studies demonstrating that atrazine has
an effect on the reproductive system, possibly due to oxidative stress. The aim of
this present study was to investigate the effect of atrazine on ovarian follicular cells
the maturation of porcine oocyte and the development of embryos in in vitro.
Porcine cumulus-oocyte complexes were cultured with atrazine at 0, 5 or 10 ppb
and oocyte maturation evaluated. The follicular cells and culture media were
examined for level of lipid peroxidation and antioxidant status. Mature oocytes from
normal culture were fertilized in in vitro and cultured in culture media cultured with
atrazine at 0, 5 or 10 ppb and blastocyst evaluated. We determined that atrazine in
maturation media increased levels of lipid peroxidation (P<0.05) and decreased the
antioxidant status and oocyte maturation rate (P<0.05). Atrazine did not effect on
blastocyst rate but effected on cell number of blastocyst (P<0.05). In conclusion, low
levels of atrazine can induce lipid peroxidation in follicular cells surrounding the
oocyte and decrease antioxidant in the media. These conditions may induce follicle
cell death, consequently inhibit oocyte maturation and decrease cell number of
blastocyst.

Keywords: atrazine, blastocyst, lipid peroxidation, oocyte maturation rate, pig
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BNaang
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N159AADIH 1 NAYBIENTEENTITUABNISIOTYVBNTAS [ignsluvaoAnaaas
1.1 nmsiiuwadlduaznisiaiyveavadlylunasannass (Oocyte collection and in

vitro maturation; IVM)

nsiiuddlagnsaninewiaiyiuganlseansuasiivsnuluaisazans 0.9%
(w/v) NaCl solution containing 75 mg/ml potassium penicillin G and 50 mg/ml
streptomycin sulfate Migaumgdl 30-37°C titevudaniiviosufdanisaelu 2 $lus wadly
mmmmiamwaaaamau (Cumulus-oocyte complexes ;COCs) 9% aﬂmumﬂmaamam
YR 3-6 Nadluns Ineldiduiues 18 11giiay 1 Tunazldaslu TL-HEPES-PVA GR
Usznaumiy 114 mM NaCl, 3.2 mM KCl, 2 mM NaHCOs, 0.34¢ mM NaH,PO,, 0.5 mM
MgCl,, 2 mM CaCl,, 12 mM sorbitol, 10 mM Hepes, 10 mM sodium lactate, 0.2 mM
sodium pyruvate, 25 mg/ml gentamycin, 65 mg/ml potassium peniciLlin G, and 1
mg/ml PVA Wazyinnsiaen COCs mJLLﬂ'ﬁuIasmmiaaaamaumLLm 2 Suuluivinsanslu
181 IVM FsUsznausie BSA-free NCSU 23 (Petters and Wells, 1993) supplemented
with  10% (v/v) porcine follicular fluid (pFF), 10 IU/ml hCG (Chorulon®, Intervet
(Thailand) Ltd.), 10I1U/ml eCG (Folligon®, Intervet (Thailand) Ltd.), 2.505 mM
NaHCO3, 10 ui/ml Antibiotic-Antimycotic (Gibco®, France), and 10 ui/ml GlutaMAX™
(Gibco®, France) \utan 24 %bﬂmuazé’wlﬂgﬁfwm IVM fiUs1eann eCG way hCG 8n 24
Hludlugmuaugamaiil 38 °C 5%  COMazsnIINTIsERIUSATINSITQvousadly
(Maturation rates)



1.2 mafussasnnduasluten IVM uagnisuiengunisvaaes
coCs firhunsdmienlutumeurdeuntdhilsiuau 150 wadazgnuualu 3 nqunguas
50 waduazdssluthen VM filduusgneussiulag
- dedluden vM Uni
- deshwthen (WM ifidauusznouesansesnsidu 5 ppb
- dedluthen WM fifidiuszneuvesansoznsidu 10 ppb
sTjaLinwmsLﬁstqLLamLﬂamjﬂuﬁwmzﬁﬁﬁmu 10 A
1.3 N1SNUAIDE9
wdninsdedduie M Hunan 48 9l vhnisfiuiedaeadlyfiviins
fdaunsylasueadiidenseusen (denuded oocytes) uazvinnsUsediu Maturation rates
Tuusazngunisnaaes 111 WM Aidunsylagieadegvdanndunsunishiaunsylad
wadfidensouazgninlududl 700xg Wuna 20 il 4 °C uazifungneunazyeaman
wenfuutudsligamgdl -20°C iiesedsiinsesisiely
1.4 n13n599Us2lUBNIINT5L035YVaasaaly (Evaluation of Maturation rate)
wadlviinsidaunsylatiwadiidensousenazgnionsne DAPI (the denuded
oocytes were incubated for 15 min with 20 uM DAPI to label the chromatin for
evaluation of maturation. Labeled samples were mounted on a glass microscope
slide in a 2ul droplet of antifade medium (Vectashield, Vector Lab, CA, USA) to retard
photobleaching)
1.5 nsasrauszdfiusziualnassandntu (Lipid hydroperoxide evaluation)
AEnau (WNIULATLLAE) karUDdLma? (then vm) ﬁgﬂLﬁuiu%umauﬂmﬁuéf’;asm%
Qﬂmmﬂsmﬁuizé’uéﬂmLﬂa%(%aﬂ%m%uimiﬁﬁ’ 96-well enzyme immunoassay kit (Cayman
Chemical Co., Ann Arbor, MI, USA).
1.6 NM3nTUTLIUTEAUA SN UOYYADHTY
vouna (then VM) VigﬂLﬁuiusﬁzumaumnﬁuﬁaathaazgﬂmwmzLﬁuizﬁumﬁéﬁu
aﬂggaaaiﬂﬂﬂ%} TAS Randox® kit (Cat No. NX2332, Randox laboratories, Ltd, Crumlin,
UK)
1.7 M150A12RN AR
dnsnsaigueneadly sedualiaesfondindunazsydivarsdiuoyyadasy
thiauslugUuuuvesAnadsrdiudonuuinnsgiu uasyinsiSeuifisusiadsseninangs
MVAaRIaY ANOVA wagmamuduiusvesseiuansesns@uluthen IvM fusasinis
wiyveswadld sedualaesiendindunasseduarsinuoyyadasylngld Pearson’s

(% o

correlation #aPdudAiIvualifn P<0.05

o
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2.1 Mmsnuaallnaznssyvagastilunasanaass (Oocyte collection and in
vitro maturation; IVM)

fupoutinssiuniioutuneu 1.1 uasideduben vM fiumanansesnsdulas
Aeawadluiedu 200 wad
2.2 msufjausvenwadluuazalagilunasanaass (In vitro fertilization, IVF) uazn1s
w3gyvasndgaulunaaanaaas (In vitro Culture, IVC)

13;’1L%@QﬂiLLﬂiLL%Qﬁ]SQﬂazmﬁJﬁ 37 °C uazvimstudauensiegdnidindeasazane
\Wosnoaduuy 2 $u (45/90%) Tngldarsavans Pig FM (NaCl 90mM, KCL 12 mM, NaHCO,
25 mM, NaH,PO4 0.5 mM, MgSO, 7H,O 0.5 mM, Sodium Lactate 10 mM, Hepes 10
mM, CaCl, 2H,0 8 mM, Sodium pyruvate 2 mM, Caffeine Anhydrous 2 mM, BSA 5
mg/mL) udvinavans thineadldidelilu dauauenmnid 38 °C 5% CO, widsuead
9itlganduneud 2.1 Tnaidenwadlanovun 150 waduazdsluthen Pic-FM $1uau 2 ads
wtadesly d-well multidish #iffen Pig-FM uguaz 50 1wad ndsmniuthiegdfineu
rounthildesadluifielmAnnsufauslngldsiuauiesd 1,000 duduse 1 wadld Fes
1lu frauamgamglil 38 °C 5% CO, Wuian 6 dalusuwagyiinisérdlutiie IVC (BSAfree
NCSU 23 10x 100 pl/ml, NaHCOs, 100 pl/ml Antibiotic-Antimycotic (Gibco®, France),
and 10 pUml GlutaMAX™ (Gibco®, France), BSA 0.004 g/ml) wazyinnisiassrelusing
IVC quATU 6 fuimaLﬂﬁauﬁwmnm 23U
2.3 maiuasoznsuadluthen IVM uazmsutangunimaaas

faidon COCs Tirnunissludunou 2.1 $1uu 150 wad wvadu 3 nqunguas
50 waduazdesluien IVC fifldmuseneudiiulng
- Aedluthen VC Unf
- Feodluthen IVC Aifldulssnevrasanseznsidu 5 ppb
- Feosluthen IVC Aifldulseneuresanseznsidu 10 ppb

6'?5&LiwﬁﬁmilﬁmuazLLﬂQﬂdulué’wmzﬁﬁimu 5 A
2.3 m‘mi’Ji]‘lJ‘szLﬁué'm'mﬁiLﬁwﬂlmL"Uaaﬂlﬂi (Evaluation of Maturation rate)

wiadlafimdeandunoud 2.2 Ussaa 40-45 waduihnsasadssdiunia
fupou 1.4
2.4 NM39529UTAUAMNNVDIAITDU

n&397n 6 Tundsnisufaudandunoudl 2.2 feaulzgnAnLenLarUyIdiy
Blastocyst rate LLaSU’izLﬁUQmmWIG}EJ%M DAPI staining mu%ﬁ’umu 1.4 tagvinnsiy
RRIVRIIER
2.5 MIAATILHINSEDR

Blastocyst rate WAL IUIULTAER U Blastocyst ﬁﬁLauaiug‘LJLLUU‘U@MWLQ?E&&W
\Deauunasgiu wazvinsiSeuiiisudiedsseninaingunismaasiing ANOVA  Fae
Toddnyimualia P<0.05
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Han1snAaedLandliininseAuiladessendintuluinsylagieaduaziien VM
LLavsvﬁumié’mauuaﬁa?ﬂﬂm IVM fimnuunnansiuegelidedfanisadflungy Oppb
deifiuiungu 5 uaz 10 ppb (37391 1) Sasnaasnuensadlifininuunnsisiuegned
Sodndaynsedinng 3ngu (N33 1) Blastocyst rate :ummLmﬂmqamﬂuuuamﬂmmq

v
aa o

GRIZVNES] ﬂammmmumaéﬂu Blastocyst I‘Uﬂi‘lll 0 ppb mmqqmﬂaﬂm 2 ﬂqmmaaamm

e

o o

yAANINEns (5199 1) nunseaveensuidsadtulutnen IVM Sanudunusieauln

o

e =

[

fuszaualnesSendntuluunsylagieaduaziie IVM uaslianuduiudifauivdng,

a

nslasgueadlilarszRuaIiUeYLABasHINgT IVM (FUN 1) wenanilfamuindnsinig

Wiguengadlulanuduiudidauivszdualaessentintuluunsyladiwaduazine,
IVMuazilanuduiusidauiniussduansiusyyadaszuien IVM (U7 2)

A13197 1 wanednsINIsasyveswaaly seaualaesiondwduluunsylagiwad szaud
UnwessanTinduuazszaualsiuenyadasslutien IVM Blastocyst rate wagdnuiuead
Tu Blastocyst wWisuisuiululunguniinmsiduaisesns@udiivluine VM wag IVC

falUs SEAVEITOENIITUY

0 ppb 5 ppb 10 ppb
snsINSIaSueaaaly (%)  90.4+35° 15.245.3" 5.2+5.8°
syualalessendinduly  729.9+255° 1210.5+101.8°  1363.0+176.6"
wnsylagiaad
(nmol/10°Cell)
syualadesiondiaduly  0.60+0.08" 1.21+0.13" 1.53+0.19"
e v (nmol/ul)
syfumsiuoyyadase 2.12+0.09° 1.130.09° 1.1320.08"

(mmol/l of Trolox)

Blastocyst rate (%) 16.4+4.6° 15.6+3.8° 15.2+4.1°
§1uqutgadlu Blastocyst 111.4+10.7° 85.7+9.2° 69.8+13.9°
(\wad)

T
a0

(a,b,c) AsnanulufazaIkansdseautedn ”z:g #1911 (p<0.05)
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oznsuuansusuiiivilinafuaziisagn Tfuogrsunsvarslunisimizugn
fignuasnssuialan %ﬂmaﬂ%ﬂﬁﬂmﬁauaamméaﬁﬂ Aulafive1msdn 1918914791019
lasuansos wiwummsamiwmmmiLﬂaauuﬂawaﬂwuwLﬂuaaﬂﬂiuﬂaUﬂiusumuLsuaa
uazAsunlassysuansiuoyyadasslumy (Singh et al, 2008a, b) MNHATEINITNINRDST
memﬁamswummehﬂ,umm VM uumﬂwmmaﬂmLﬂassaﬂmmﬂmmiﬂamLezjaa
wazhlazduansiusyyadasyluien VM anas sesunounthiuansliifuinosnadu
Tuseiuildlunmsmeasdldldinadentsitinvenvadlideiaonadesiunsmaassi (Casas
et al, 2010) walumsnaaedundiinuiseivasernituiinasenmsadyvensadly ul
HegnsFuaglaldiltiAianisasveswadliuddanasinliunsyladvaduingydad
aamauLfnaélmmmmwaﬂmiwmuﬂumm IVM wmumiaumwuaﬂﬂ mumu‘lamwaa
mmummumauuauumiLaiml,muimsuaaLsuaa“lm Fellneeuindrsnnugadivanianassd
wavilvansiisndusenissyivlnveseadlvanaswmuluedmalinisiadyvonvadl
neavedn (Vatzias and Hagen, 1999) Lmi‘@as{hmaémdﬁﬁ%Nammﬂﬂiﬁumwﬁﬂﬁﬁ%ﬁu
funmssiulaventadluisuuwadanasUinaansivsiufzanamiuludeddunis
yaansis unsyladsadunagldfunansenuannansoyyadassyinlifnanudsmeuazaig
MlrUsuaaslusiuanasdinanonsiasyvewadly (Ducolomb et al, 2013; Silva et
al, 2014) fsenuiesniBunszdunsiinataeifondinduazanasiueyyadasslu
wadinidenuwnsuany (Bhatti et al, 2011) ) FalunsAnulupdsiismuisssiualiaes
Sonduduluunsyladueaduariher WM TUsmafsdulunguiifiniafuasosnaduadlu
then VM LLaz'ﬁ::G'fUﬁLﬁm%uﬁdqmaL%qawiamiv‘hmmaqLms@mhmaé

omsdugnosinduiviunsaiyvesinseuiledatilulunynaassiivuin
1000-2000 mg/kg (Peter and Cook, 1973) ns@naznsi@uluauin 30 me/kg vlmannis
peesiseuLasganduiugiinisluing (Binn and Johnson, 1970) lun1siieasseuny
nnasslunasanaassiunuitlusres 2 wadldlddwmanonisiasyvesiiseuluifussey
blastocystunzdnumad dslunimmmaesluansluadsinuiosndulallfdsmasonisiady
vasseauluiduszey blastocyst Jsaondasfunsdmanosiuiumadiusyes Blastocyst §9
TunguitlailiAnansesnarduiidrganinguiliiuedsildod Aynrsadadedaudaiu
(McIntosh et al.,2000)

nsnaaedlundsiiuandiifiuiansesnmdulussiusduansadamansenusians
Lﬁ]’%igﬁumLsziaaﬂlﬂwaaﬂmaaﬂéﬂﬂstiﬂ:LJé’uégamiw'%igsuaﬂLmﬁlﬂaszhLﬁzjaéﬁé’amaumaa%
lFunassnduuneiniidmadonisiauivensadlasnied@misnansefuansiu
ouyadasziadumuntesasoyyadastiazumhanudemesounsylasueadiinlisyfua
TJ@Lﬂaﬁ‘%aﬂ%Lm%’ﬁLmLﬂsiﬂmhL%aa‘LﬁuﬁueiamaiﬁLﬁmﬂﬁmﬁLﬁ]’%f,y“umLmﬁﬂéiaszhwaa‘ﬁaﬁlﬁ
NAAILAD 1ua'ausuaamiLﬁigsuméfaéaua’ﬁawaw%uhimmaaé’ugﬂmsw%maﬂﬁaéaﬂﬂ
Juszee blastocyst Miudanuisaansiuiugadluszey blastocyst F3919dananssnuse
AuNNvRIFIgeUld
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Atrazine induces lipid peroxidation in ovarian follicular cells and disrupts
maturation of porcine oocytes in vitro

Nutthee Am-in", Roy N. Kirkwood’, Theerawat Tharasanit' and Mongkol
Techakumphu'.

' Faculty of Veterinary Science, Chulalongkorn University, Bangkok, Thailand 10330
* School of Animal and Veterinary Sciences, University of Adelaide, Roseworthy, SA

5371, Australia

*Corresponding author. E-mail address: nutthee.a@chula.ac.th (Nutthee Am-in)

Tel.: +662 218 9644; fax: +662 252 0738

Abstract

Atrazine is an organic herbicidal compound used to eradicate broadleaf and grassy
weeds in agricultural crops. Atrazine exposure leads to altered membrane lipid
composition and cell morphology, induces DNA damage, and changes the level of
antioxidant enzymes and vitamin E. There are studies demonstrating that atrazine has
an effect on the reproductive system, possibly due to oxidative stress. The aim of this
present study was to investigate the effect of atrazine on ovarian follicular cells and
the effects on the maturation of porcine oocyte. Porcine cumulus-oocyte complexes
were cultured with atrazine at 0, 5 or 10 ppb and oocyte maturation evaluated. The
follicular cells and culture media were examined for level of lipid peroxidation and
antioxidant status. We determined that atrazine in maturation media increased levels
of lipid peroxidation (P<0.05) and decreased the antioxidant status and oocyte
maturation rate (P<0.05). In conclusion, low levels of atrazine can induce lipid
peroxidation in follicular cells surrounding the oocyte and decrease antioxidant in the
media. These conditions may induce follicle cell death and consequently inhibit

oocyte maturation.



15

Keywords: atrazine, lipid peroxidation, oocyte maturation rate, pig

= v Y a an Jdc a o a d d (v v
ﬁ1‘ii’)$‘ﬂ5"I“lﬂn!ﬂ‘i3({!‘H‘l‘ﬁ!ﬂﬂﬁ‘]Jﬂ!‘]Ji’)55i’)ﬂ"‘lﬂﬂ‘lf‘iﬂi!‘l/\lﬂﬂﬁﬂﬁ?ﬁ!‘ﬁaaﬂl@\i5@1%!!ﬁ$§ﬂﬂ31&ﬂ15

a \
mﬁq;mmmaé“lmqnﬂuﬂaﬂﬂmam

o a 4

A o n ad ¥ v o A q o N
N5 ©1DUNT * 708 INIA TIIAU FITIIUA WIAR SN
[ 14 J a [
lﬂmgﬁ@’JLLWﬂﬂﬁ1ﬁ§li ﬂWWaﬁﬂimMﬂTJﬂﬂ1aﬂ NTIUNNA llizmﬁll‘ﬂﬂ 10330
’School of Animal and Veterinary Sciences, University of Adelaide, Roseworthy, SA 5371,

Australia

~

v A o 'o a 4
*P;l:’iUWﬂG]fE]UUVIﬂ?nlJ E-mail: nutthee.a@chula.ac.th (UN5 9191NT)

Tns: +662 218 9644; uvlneh: +662 252 0738

A A o o

P! o ¥ A o v A A a
E]$‘VI51“111!“]1!8']1]51‘]J'J“1$W°]1‘V]ﬂﬂ6l@]ﬂ1/‘l@ﬂ'] ﬂﬁiy1ﬁ@§W“ﬁ1uﬂ’l§LW13ﬂ@]ﬂW‘]ﬂﬂﬁﬂﬁillﬂ15

U

Yo N Y o qYa = s o 4 9 ¢ ]
185voznaduTduhldinamsn)aeundasesdlsznon lviuveutofuwadagditeves
d o ya I = d' 19 Y a a o a a a2
L5aa ‘Vlﬂ“l/f AU 1D mﬂmmmszaﬂuizﬂmamﬁmuauga@ﬁiwumeu%mmzmmu 0

= = 5] ' ~ ' ' 4 -
llfn'5ﬁﬂ}lTVILlﬁﬂﬂiﬁllﬁu31ﬁ73ﬂ$ﬂﬁ1“ﬁuﬁ\iWﬁﬁ@i%‘ﬂ‘ﬂaﬂwuﬁlﬁﬂﬂﬁ]TﬂﬁﬂT?gﬂ?WNlﬂiﬂﬂ

a o o s Lgd = = ' a 4 J
DONHFLIATU ’JG]‘Qﬂi$ﬁ'\1ﬂ“l|ﬁ]\1ﬂ1i‘1/lﬂﬁ@\‘luﬂﬂﬁﬂ‘bl'lNaﬁll@Qﬁ1iﬂ$7151cﬁu¢]®7‘lﬂaﬁﬁ]a'liL“Ifﬁﬁ"llﬁ]\i



16

1 Y

feliuaznaveuiudomsniyuousas ligns wad lintWeadnariivadaousouazgnaes

2 T = ' a A A o w o
GlummsmEmmsaaﬁlwamﬁazmwuwamg 05HAZ I0WW U AINAIAY LasANNTNYTN

a [} a a 14 J dy ] o
summiLﬁ]iﬂﬂmwaa”"lngﬂﬂizmu ﬂaaaﬂmimfaauazammammaaﬂm%gﬂmmm

v Aan o’ a < [ 9 a U =
i%ﬂ”ﬂaﬂﬂ!ﬂﬂii@ﬂ“]fm‘lﬂ!!.mgizﬂﬂﬁ'ﬁ@nu@ialya@ﬁig W'JﬂLi'lW‘iJ’J"Iﬁ'1i@$VIi'I“liuGlu'E]'l‘l’i'li
dy A v Aan I3 a < o 9 a o
Lammaa"’“hl muszavataloisonmatu (P<0.05) HAZaATEAUTITANUDYUYADAISLASDNT
a ' = ) 9

ﬂ?il%iiy)ﬂl@\il‘*ﬁﬁaﬂlﬂl (P<0.05) ﬁ?ﬂﬂﬁﬂ'ﬁ‘ﬂﬂﬁ@\i ﬁ'l§E]$‘VI5'l“])'ualuigﬂ‘ﬂﬁ'lﬁ'lll'lii]ﬂi%ﬂ‘hm'li
a an I3 a o a 4 s 5 ] @ Y
LﬂﬂE’I‘]JﬂL‘]J’E)'i3ﬂﬂcﬁlﬂ%u1u1’\lﬂﬁﬁﬂﬂ1ﬂ“ﬁﬂﬁ‘ﬂ@Qﬁﬂll'i’f)1]L‘ﬁfﬁaﬂlﬂllmgﬁﬂi%ﬂ‘ﬂﬁ"liﬂ"lu’f)uyjﬂ
a zg ] 1 zg Y Y a 4 4 ~ A
et’fiﬂumwmamwaaﬂlm ﬁﬂTJ%L“B‘L!UE]'H]ﬂi$GJUiﬁW@ﬁﬁﬂﬁ"li!“]fﬁﬁ@ﬂmmgWa‘ﬂ@nlm'lﬂ@

9
Lﬂﬂﬂﬁﬂ‘ﬂﬂ\iﬂﬁlﬁ]iﬂlu‘llfi)\uclfﬁﬁﬂlsll

o o w any I3 a o v a 1
AlaIAeYy: ?ﬂi@%‘ﬂi'l@u atlalosSonamaru a@mmmmﬂmwaaﬂlﬁu qansg



17

Introduction

Atrazine is 2-chloro-4-(ethylamino)-6-(isopropylamino)-s-triazine, an organic
compound used to stop or eradicate the emergence broadleaf and grassy weeds in
agricultural crops. This compound is both inexpensive and effective and thus is
suitable for productive systems with very low profit margins, as is often the case with
maize. Atrazine is the most commonly used herbicide in conservative tillage systems,
which are designed to prevent soil erosion. There are contamination of atrazine in the
drinking water of the pig farm surrounded by agricultural area whose owner use
atrazine as a herbicidal chemical in Croatia (Gojmerac et al., 1996) and contamination
of atrazine was reported in sow feed and water in each week during gestation period
in Thailand (Am-in and Tuntasuparuk, 2012). Oxidative stress occurs when the
antioxidant to free radical ratio is imbalanced, leading to production of reactive
oxygen species (ROS). In aquatic animals and organisms, the residues of herbicides,
insecticides and heavy metals contaminating the environment are known to stimulate
antioxidant defensive systems and to induce oxidative damage via ROS production
(Risso-de Faverney et al., 2001; Achuba and Osakwe, 2003; Liu et al., 2006;
Monteiro et al., 2006). In rats, atrazine exposure leads to alteration of acetyl
cholinesterase (AChE) activity, membrane lipid composition, and erythrocyte
morphology (Singh et al., 2008b). It also induces DNA damage and change in the
levels of hepatic antioxidant enzymes and vitamin E, which are major antioxidant
defenses against damage induced by atrazine in rats (Singh et al., 2008a). ROS, such
as the hydroxyl radical (OHe), superoxide anion (O, ) and hydrogen peroxide (H,0O,),
when at higher than normal levels can react with biological macromolecules
potentially leading to enzyme inactivation, lipid peroxidation (LPO), DNA damage

and even cell death (Pefia-Llopis et al., 2003; Banudevi et al., 2006). as aAlthough
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there are a few studies suggesting atrazine has an effect on the reproductive system,
currently it is considered only slightly toxic. Several studies report that sexual
development in frogs was disrupted by atrazine via an increased conversion of
androgens to estrogens (Hayes et al., 2002; Freeman and Rayburn, 2004; Murphy et
al., 2006). To our knowledge, there are no data investigating atrazine induced lipid
peroxidation in ovarian follicular cell membranes and consequent effects on
maturation of porcine oocytes. The aim of the present study was to investigate the

effect of atrazine on follicular cells and effects on the maturation of porcine oocytes.

Materials and Methods

Unless otherwise stated, all reagents used in this study were obtained from
Sigma (St. Louis, MO, USA).

Oocyte collection and in vitro maturation (IVM)

Ovaries were collected from prepubertal gilts at a slaughterhouse and
transported within 2 h to the laboratory in 0.9% (w/v) NaCl solution containing 75
mg/ml potassium penicillin G and 50 mg/ml streptomycin sulfate at 30-37°C.
Cumulus-oocyte complexes (COCs) were collected by aspiration of 3-6 mm follicles
into TL-HEPES-PVA composed of 114 mM NaCl, 3.2 mM KCI, 2 mM NaHCO;,
0.34 mM NaH,POy4, 0.5 mM MgCl,, 2 mM CaCl,, 12 mM sorbitol, 10 mM Hepes, 10
mM sodium lactate, 0.2 mM sodium pyruvate, 25 mg/ml gentamycin, 65 mg/ml
potassium penicillin G, and 1 mg/ml PVA, and washed three times with maturation
medium. The medium used for maturation of oocytes was BSA-free NCSU 23
(Petters and Wells, 1993) supplemented with 10% (v/v) porcine follicular fluid (pFF),
10 TU/ml hCG (Chorulon®, Intervet (Thailand) Ltd.), 10 IU/ml eCG (Folligon®,
Intervet (Thailand) Ltd.), 2.505 mM NaHCO;, 10 pl/ml Antibiotic-Antimycotic

(Gibco®, France), and 10 pl/ml GlutaMAX™ (Gibco®, France). The pFF was
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withdrawn from superficial follicles (3—6 mm in diameter) on maturing pig ovaries
using an 18 g needle fixed to a 10 ml syringe. The pFF was centrifuged at 1500xg for
15 min at room temperature to remove cells and debris, and the supernatant stored at -
4°C until used (Naito et al., 1988). Oocytes surrounded by compact and dense
cumulus cell layers were selected. Groups of 50 COCs were matured for 24 h in
maturation medium and then matured for a further 24 h in maturation medium without
eCG and hCG. Maturation rates were evaluated by DAPI staining.
Atrazine treatment
150 COCs were equally divided into 3 groups with different culture conditions:

- COCs cultured under IVM condition as described above (Control; n=50)

- As for Control, but culture media included 5 ppb of atrazine (AZ5; n=50)

- As for Control, but culture media included 10 ppb of atrazine (AZ10; n=50)
This methodology was replicated 10 times
Sample collection

At the end of the 2 d culture period, the denuded oocytes were collected and
evaluated the percentage of mature oocytes in each group. The maturation media with
granulosa cells were centrifuged at 700xg for 20 min at 4 °C, the pellet and 200 pl of
supernatant were then frozen separately at —20°C and transported to the laboratory
waiting for analysis.
Evaluation of maturation rate
To label their microtubules, the denuded oocytes were incubated for 15 min

with 20 uM DAPI to label the chromatin for evaluation of maturation. Labeled

samples were mounted on a glass microscope slide in a 2 pul droplet of antifade
medium (Vectashield, Vector Lab, CA, USA) to retard photobleaching.

Lipid hydroperoxide evaluation
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The pellets and 100 pl of supernatants were thawed in a 37°C water bath for 5
min. Lipids were extracted from the samples using methanol and chloroform
(Christie, 1982). The lipid hydroperoxide (LPO) was quantified using a commercially
available 96-well enzyme immunoassay kit (Cayman Chemical Co., Ann Arbor, MI,
USA).

Total antioxidants in maturation medium

An aliquot of 100 pl of the supernatant (maturation medium) was analyzed for
total antioxidant status (TAS) by a commercial TAS Randox® kit (Cat No. NX2332,
Randox laboratories, Ltd, Crumlin, UK) using a Sunrise Absorbance Reader
(TECAN®, Austria). The linearity of calibration extended from 0.025 to 2.5 mmol/l
of Trolox. Inter- and intra-assay coefficients of variation were 6.4% and 5.3%,
respectively.

Statistical analysis

Maturation rate, the level of lipid peroxide and TAS are presented as
mean+SD. Data comparison between groups were analyzed using ANOVA. For
determining normality of the data before applying ANOVA, data were subjected to
Arc-Sine transformation. Where ANOVA revealed a significant effect (P < 0.05), the
treatment means were compared using Tukey's test. The correlation between level of
atrazine in maturation media, maturation rate, levels of LPO and TAS were tested

using Pearson’s correlation. All analyses used SAS 9.3 (SAS®, Cary, NC, USA).

Results

Oocyte maturation rate was markedly reduced by inclusion of atrazine in the
maturation media (90.4+3.5, 15.2+5.3 and 5.2+5.8% for Control, AZ5 and AZ10,
respectively; P<0.05). The atrazine level in maturation rate was negatively correlated

(r=0.92, P=0.003) with atrazine level in the maturation media (Fig. 1A).
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Follicular cell LPO concentrations were increased by inclusion of atrazine in
the maturation media (729.9425.5, 1210+101.4, and 1363+176.6 nmol/10° cells for
Control, AZ5 and AZ10, respectively; P<0.05). Similarly, maturation media LPO was
increased by atrazine (0.60+0.08, 1.21+0.13, and 1.53+0.16 nmol/ul for Control, AZ5
and AZ10, respectively; P<0.05). In concert, total antioxidant status was reduced by
atrazine (2.12+0.09, 1.13%0.09, and 1.13+0.08 mmol/l Trolox for Control, AZ5 and
AZ10, respectively; P<0.05). Maturation media atrazine inclusion levels were
positively correlated with follicular call LPO (r=0.95, P<0.05; Fig. 1B), positively
correlated with media LPO (1r=0.86, P<0.05; Fig. 1C) and negatively correlated with
total antioxidant status (r=0.93, P<0.05; Fig. 1D).

The lipid peroxidation of follicular cells and maturation media had strong
negative correlations with maturation rate (r=0.95, P<0.02; Fig 2A and r=0.94,
P<0.05; Fig 2B, respectively). In concert, total antioxidant status of maturation media

had a positive correlation with oocyte maturation rate (r=0.97, P=0.01; Fig 2C).

Discussion

Atrazine is the most commonly used herbicide due to its efficacy and low cost.
However, its widespread use has resulted in contamination of agricultural crops, water
and soil. Previous studies have reported that atrazine induced changes in lipid
composition and hepatic antioxidant enzyme levels in rats (Singh et al., 2008a, b). In
the present study, atrazine induced lipid peroxidation in porcine ovarian follicular
cells and also reduced antioxidant level in the in vitro maturation media. A recent
study demonstrated that atrazine may have a more noticeable effect on oocyte
maturation than on viability. Although the mechanisms were not determined it could
imply that atrazine does something to interrupt oocyte development. In the present

study, there was no evident effect on oocyte viability. This result confirms the finding
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of Casas et al. (2010) who also noted no effect of atrazine on vitality. The levels of
atrazine used in the present study are very low. However, effects on oocyte maturation
rate were evident. Although the atrazine levels we employed will not induce oocyte
death, we noted that the surrounding cumulus follicular cells appeared to be
undeveloped when cultured in the presence of atrazine. Follicular cells within the
follicle surround and support the oocyte and are necessary for oocyte development.
Their numbers decrease directly in response to reduce the microenvironment of the
oocyte during follicular maturation (Vatzias and Hagen, 1999). Granulosa cells also
produce peptides involved in oocyte maturation. This effect was decreased when the
granulosa cell or peptides were damaged (Ducolomb et al., 2013; Silva et al., 2014)
agreed with this present study which the granulosa cells were damaged and died by
ROS.

Atrazine induced lipid peroxidation and reduced the antioxidant status in rat
erythrocytes (Bhatti et al., 2011). Similarly, in the present study, granulosa cell and
maturation media LPO content were increased by atrazine inclusion and this likely
negatively impacted follicle cell function. Indeed, a recent study reported that
atrazine-induced oxidative stress and decreased cell viability can occur concurrently
but that malondialdehyde and ROS production increased at lower concentrations and
after a shorter period of culture than did cell death, suggesting that atrazine-induced
oxidative stress is the mechanism for reduction in cell viability (Abarikwu et al.,
2012). The increased antioxidant enzyme levels clearly demonstrates that antioxidant
gene expression seems to be an adaptive response to oxidative stress, especially
considering that atrazine has been reported to induce lipid peroxidation in several
models (Abarikwu et al., 2010; Adesiyan et al., 2011).

In conclusion, the low level of atrazine employed in the present study can

induce lipid peroxidation in follicular cell which surrounded the oocyte in in vitro and
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decrease antioxidant in the media. These conditions may induce follicular cell death

resulting in inhibition of oocyte maturation in vitro.

Acknowledgements

The present study was supported by Office of the Higher Education Commission, The

Thailand Research Fund and Chulalongkorn University (MRG-5680131)

References

Abarikwu S, Adesiyan A, Oyeloja T, Oyeyemi M and Farombi E. 2010. Changes in
Sperm Characteristics and Induction of Oxidative Stress in the Testis and
Epididymis of Experimental Rats by a Herbicide, Atrazine. Arch Environ
Contam Toxicol. 58(3): 874-882.

Abarikwu SO, Pant AB and Farombi EO. 2012. Dietary Antioxidant, Quercetin,
Protects Sertoli-Germ Cell Coculture from Atrazine-Induced Oxidative
Damage. Journal of Biochemical and Molecular Toxicology. 26(11): 477-485.

Achuba FI and Osakwe SA. 2003. Petroleum — induced free radical toxicity in African
catfish (Clarias gariepinus). Fish Physiology and Biochemistry. 29(2): 97-103.

Adesiyan AC, Oyejola TO, Abarikwu SO, Oyeyemi MO and Farombi EO. 2011.
Selenium provides protection to the liver but not the reproductive organs in an
atrazine-model of experimental toxicity. Experimental and Toxicologic
Pathology. 63(3): 201-207.

Am-in N and Tantasuparuk P. P2012. Low levels of the herbicide Atrazine
contaminated sow feed and water affect litter size, sex ratio of litter and
increase mummified fetuses in pigs (Abstracts). Reprod Domes Anim. 47:
561.

Banudevi S, Krishnamoorthy G, Venkataraman P, Vignesh C, Aruldhas MM and

Arunakaran J. 2006. Role of a-tocopherol on antioxidant status in liver, lung



24

and kidney of PCB exposed male albino rats. Food and Chemical Toxicology.
44(12): 2040-2046.

Bhatti JS, Sidhu IPS and Bhatti GK. 2011. Ameliorative action of melatonin on
oxidative damage induced by atrazine toxicity in rat erythrocytes. Mol Cell
Biochem. 353(1-2): 139-149.

Casas E, Bonilla E, Ducolomb Y and Betancourt M. 2010. Differential effects of
herbicides atrazine and fenoxaprop-ethyl, and insecticides diazinon and
malathion, on viability and maturation of porcine oocytes in vitro. Toxicology
in Vitro. 24(1): 224-230.

Christie WW. 1982. Lipid analysis; isolation, separation, identification, and structural
analysis of lipids. In: Pergamon Press, Oxford, New York.

Ducolomb Y, Gonzalez-Marquez H, Fierro R, Jiménez I, Casas E, Flores D, Bonilla
E, Salazar Z and Betancourt M. 2013. Effect of porcine follicular fluid
proteins and peptides on oocyte maturation and their subsequent effect on
in vitro fertilization. Theriogenology. 79(6): 896-904.

Freeman JL and Rayburn AL. 2004. In vivo genotoxicity of atrazine to anuran larvae.
Mutation Research/Genetic Toxicology and Environmental Mutagenesis.
560(1): 69-78.

Gojmerac T, Kartal B, Bilandzi¢ N, Roi¢ B and Rajkovi¢-Janje R. 1996. Seasonal
atrazine contamination of drinking water in pig-breeding farm surroundings in
agricultural and industrial areas of Croatia. Bull Environ Contam Toxicol.
56(2): 225-230.

Hayes TB, Collins A, Lee M, Mendoza M, Noriega N, Stuart AA and Vonk A. 2002.
Hermaphroditic, demasculinized frogs after exposure to the herbicide atrazine
at low ecologically relevant doses. Proceedings of the National Academy of

Sciences. 99(8): 5476-5480.



25

Liu Y, Zhang Y, Liu J and Huang D. 2006. The role of reactive oxygen species in the
herbicide acetochlor-induced DNA damage on Bufo raddei tadpole liver.
Aquatic Toxicology. 78(1): 21-26.

Monteiro DA, de Almeida JA, Rantin FT and Kalinin AL. 2006. Oxidative stress
biomarkers in the freshwater characid fish, Brycon cephalus, exposed to
organophosphorus insecticide Folisuper 600 (methyl parathion). Comparative
Biochemistry and Physiology Part C: Toxicology & Pharmacology. 143(2):
141-149.

Murphy MB, Hecker M, Coady KK, Tompsett AR, Jones PD, Du Preez LH, Everson
GJ, Solomon KR, Carr JA, Smith EE, Kendall RJ, Van Der Kraak G and
Giesy JP. 2006. Atrazine concentrations, gonadal gross morphology and
histology in ranid frogs collected in Michigan agricultural areas. Aquatic
Toxicology. 76(3—4): 230-245.

Naito K, Fukuda Y and Toyoda Y. 1988. Effects of porcine follicular fluid on male
pronucleus formation in porcine oocytes matured in vitro. Gamete Research.
21(3): 289-295.

Pefia-Llopis S, Ferrando MD and Pena JB. 2003. Fish tolerance to organophosphate-
induced oxidative stress is dependent on the glutathione metabolism and
enhanced by N-acetylcysteine. Aquatic Toxicology. 65(4): 337-360.

Petters RM and Wells KD. 1993. Culture of pig embryos. Journal of reproduction and
fertility. Supplement. 48: 61-73.

Risso-de Faverney C, Devaux A, Lafaurie M, Girard JP, Bailly B and Rahmani R.
2001. Cadmium induces apoptosis and genotoxicity in rainbow trout
hepatocytes through generation of reactive oxygene species. Aquatic

Toxicology. 53(1): 65-76.



26

Silva PV, Guimardes SEF, Guimaraes JD, Nascimento CS, Lopes PS, Siqueira JB,
Amorim LS, Fonseca e Silva F and Foxcroft GR. 2014. Follicular dynamics
and gene expression in granulosa cells, corpora lutea and oocytes from gilts of
breeds with low and high ovulation rates. Reproduction, Fertility and
Development. 26(2): 316-327.

Singh M, Kaur P, Sandhir R and Kiran R. 2008a. Protective effects of vitamin E
against atrazine-induced genotoxicity in rats. Mutation Research - Genetic
Toxicology and Environmental Mutagenesis. 654(2): 145-149.

Singh M, Sandhir R and Kiran R. 2008b. Atrazine-induced alterations in rat
erythrocyte membranes: Ameliorating effect of vitamin E. Journal of
Biochemical and Molecular Toxicology. 22(5): 363-369.

Vatzias G and Hagen DR. Effects of porcine follicular fluid and oviductconditioned
media on maturation and fertilization of porcine oocytes in vitro. 1999. Biol

Reprod. 60: 42—48.



27

100 1800
' 1600 - _!
i -
T T 1400 - * e
. 5 e
™ Z__1200 - g
cw $- $
R \H\ F; 1000 - T
£ . sk o 2
z v e 2 i 1 r=0.95
5 . 1'=0.92 Y o
Ew ’ . z
- £ Am
b4 . ¢ E
T ‘ 200 -
0 ' .,
a b] 4 [ ] in 17 o T
20 4] 2 1 &) ] w0 12
Level of Atrazine In maturatlon medla (ppb) A Level of Atrazine in maturation media (pph) B
75 - 25
2 —
w E
£ 2 |E 2
s 2 —
E r=0.86 * % - 2
H : — =0.93
£ - E e
£ 15 P Eis —
g _1__'___--" * 8 ‘ __"h---,____‘
£ 1- e 1 -
H e H
I3 ‘___,—--" H
- -
Zos z05
E A
Z °
T , 0
- 0 2 4 [ ] 10 12 ] 3 a & & 10 12

Level of Atrazine in maturation media [pph]

Level of Atrazine in maturation media (ppb)

Figure 1 Correlation between Level of Atrazine in maturation media and (A)

Maturation rate, (B) Lipid peroxidation in follicular cells, (C) Lipid peroxidation

in maturation medium and (D) Total antioxidant status in maturation medium

maturation rate (%)

1300 25
w
B 1600 1, @ =
o » = ;
5 1400 0_’ L 2 E 24
: N e ’=0.91 E
= .. - = m =
£= 1w 9”3‘. — r=0. E%‘l IR )
— E3 s _
=% 1w - R e ?_?‘%’ r=0.89
= T 2E s
52 W e EE, 4 KT
S e 5 E e
= o s
s 1 = 05 TR,
E 2w - =
v 0
0 20 a0 60 80 1w 0 20 a 60 80 100
maturation rate (%) A maturatlon rate (%) B
2.5
+
+*
g ¢ - e
BT T
&3 ;
EE 15 ey
sE TP=0.94
i< W‘%‘
£ » ¢ .
3 £ r'=0.93
= os
0
0 0 a0 &0 50 1w



28

Figure 2 Correlation between Maturation rate and (A) Lipid peroxidation in
follicular cells, (B) Lipid peroxidation in maturation medium and (C) Total

antioxidant status in maturation medium



