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Effects of Reactive Oxygen Species on the Function of Porcine Spermatozoa
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ABSTRACT

The current study was designed to evaluate the effects of the reactive oxygen species (ROS) generated with a
xanthine (X) and xanthine oxidase system (XO) on sperm function and DNA fragmentation in porcine spermatozoa.
ROS were produced by a combination of 1,000 pM X and 50 mU/ml XO. The ROS scavengers such as superoxide
dismutase (SOD) (200 U/ml) and catalase (CAT) (500 U/ml) were also tested. Spermatozoa were incubated for 2 ho-
urs in BWW medium with a combination of X-XO supplemented with or without antioxidants at 37°C under 5%
CO; incubator. Ca-ionophore-induced acrosome reaction, the proportion of swollen spermatozoa under hypo-osmo-
tic condition, malondialdehyde formation for the analysis of lipid peroxidation, and the proportion of DNA frag-
mentation were determined after 2 hours incubation. The action of ROS on porcine spermatozoa resulted in de-
creased Ca-ionophore-induced acrosome reaction and membrane integrity, increased the formation of malondialde-
hyde, and the proportion of sperm with DNA fragmentation(p<0.05). The toxic effects caused by ROS were
completely alleviated by CAT in terms of sperm function and characteristics, however SOD did not serve the same

scavenger effect as CAT. To conclude, the ROS can cause significant damage to porcine sperm functions and charac-
teristics, which can be minimized by the use of antioxidants.

(Key words :

M B

371 (aerobic) A EEL A E Yol A AAALE £33}
o APALS FRIEA 9t o128 3y Fof vherst &
79 8744t (reactive oxygen species; ©]3F ROS)7} %
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A WA A X 28} Fo s nAE Aos D
A gl

AE EAfshe Bx3h 2Ake] A3Klipid peroxida-
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brane®l| E¥3} A 4ke] $HEETd 2
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A DNA 50 742 o]4-g 2este] Axle] BEA
(integrity)ll W2 &S Zelishe AL HuEI ot
(Lopes 5, 1998; Smith %, 2006). w2} ROS7} 4A1e] 7]
TAQ U B4 Bigle] vRlw J&FE B45ka ROS
o] oz RE HAE HIE & b wWeke] BAL A}
Ho] BAAEY 7tEd ol E8=7 =& FY A
o] M Fo F8F Aoz 7doh
T xanthine¥} xanthine oxidase(X-X0)2l €] &
9ol oz BhAlE ROS/F HA AAte] 7)sd) A
} Wslol] vx ke ROSS J&Fe A3 5 e
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AA2E % 7)1 Bu|gA o2 20 mM HEPES(Sig-
ma, USA), 20 mM NaHCOs(Sigma, USA)®} 0.1 % poly-
vinyl alcohol(PVA; Sigma, USA)°] 7} Biggers Witten
Whittingham(BWW) Bl & <H(Biggers &, 1971)= AHE-31%1
=t

7] Agg R A Aste] AETF A& A 1 ml
S A3 F 5 mle] V)2 FAoE FNete] AHET
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HA G2 e} HA TG £4L Cummins 5(1991)9]
of Eated AAEich A Held ARHF9(20x10° sper-
matozoa/ml)S RRE3tY Z4Z4S 5% 20 uM A23187
SNAZF 5 10 pM)F DMSO &40 7 3431 308
3k 37°C, 5% COp ¥iF7] Wiol A wiFstict. ujeF & A=A}
Ffrefoll FaFe] H33258 S 7Iske] d2olA ofF
FHE FAsHAA 723 ST ol % 1.5 migl A
H-f- 84S 2% polyvinyl pyrrolidone(Sigma, USA)¢] =
¥ 4 ml®] PBS column 9ol &% 1 500xg= 5%7F ¥
Tl e ds A G AE F Ao &
F 20 plE FHool evol= fol =2, AxAR F 95%
ethanol®ll A 523 TS 14, Axd SHo|= 4
o FITC conjugated pisum sativum agglutinin(100 1 g/
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HRIo| MZEH *E|(Hypo-osmotic swelling test; HOST)
HOST3= Jeyendran 5-(1984)2] el &3k Al9438k3A

A A" A 300 11(20x10° spermatozoa/ml)E fruc-
tose(Sigma, USA) 1351 g sodium citrate(Shinyo, JA-
PAN) 7.35 g& 33} S75 1,000 midll =9 HF A5
150 mOsmykg 2.2 AZE AgAY &9 5 mig ETJT F
37 T 2 Well 3023t w3t ©] F 500xgol A
587 A4 BEE oM, 4F A4S AAT F BAFAA
10 plg #3te] AR Seol=d] mdsta A4 A
ZANRAY. A BAE st 983 ArAM <5
o]= F Ha 20074 ol HAE A= HOSTF
A} v 7h BEE AR W& BEF AR F5ol
A e R7h B3 AR HEE Ao
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Lipid peroxidatione 3% 4HE<]l malondialdehydeE
273} thiobabituric acid(TBA) ¥H-H 22 #A319lct
(Aitken 5, 1993b). A 22l A A4S Ca™, Mg 0| AAE
Hank's balanced salt solution®.Z 3435l AHxs=7)
20x10° cells/ml7} =] A 24331t} Lipid peroxide®] ma-
londialdehydeZ 2] H&& F2A717] $8t 32 S/
2 349 1 mM ferrous sulphate(Sigma, USA)%t 5 mM
sodium ascorbate(Sigma, USA)E 212} 10 pl1¥ 7] A=
B 1 mioll d7bska 37CelA 30487k vl Fatsict. 250
119] 40% trichloroacetic acid(Sigma, USAYE %7}l 0
CollA 10823t B A5+ lipid peroxidations A A7 ¥
2,500xgoll A 1057+ W4l EElatlt o] F 45 1 miE 3
3k 250 119 1% TBASH E§3ta] B 2o 1023t
FH3Aa 2ol WA ZTE Malondialdehyded] &
E%= spectrophotometerS ©]-83t] 532 nm 3ol A gk
2-Mo) EH % (optical density)E SA3t] £33t A
¥ malondialdehyde?] E5EE & 379149 x10°
l-mol ™ '-em )2 7]1F 22 A5t THSlatere}t Sawyer,
1971).

SHE EAM7|(Flow Cytometry)E 0|88t X} DNA Frag-
mentation =4

A7ke] DNA fragmentation 57> TUNEL(terminal
deoxynudeotidyl transferase(TdT) dUTP nick end labelling)
71%o] &% APO-DIRECT™ kit(Pharmingen, USA)$}
fr Al £8A17)(Becton dickinson, USA)E AHE-3te] A A3}
ek A Held 4AE 05 mle] PBSE A8t A7 5
%7} 2~4x10° cells/ml7} H = 2431, 5 ml9] 1% pa-
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raformaldehydeE ¥ €& oA 1583+ 1A AT
o] F 300xgell A 5%zt AdEeE A FA AE 5 mlY
PBSE 23] A& § 70% ice-cold ethanol 5 mlE ¥ —20
CollM 4 3083 FX3Hd o) 300xgol A 583+ A LA
#e8td 4% ethanols AAE 5 Az} AE 1.0 mlo
wash buffer= 3]43}e] 300xgell A 587 94 F-alshe=
AE AR S 23] WHEEIAT. o] A de AR} 3o FITC-
dUTP$} TdT enzyme©] o] lE 449 50 plg Y2
37°CoNA 607 WHEAI AT WH3o] By & 5 ml9] rinse
bufferg ¥ I 300xgoll A 587+ U4 Bh= AE g
£ 23] 5SS o] & AR} Fo) 05 ml9 propidium
iodide(PI)/RNase A N-& H7}3le] bl A 3087 A4
o G F FAEZEAL 347 ool Alasit,
FAEEAL 488 nm argon laser® &3 FA| T #4317
£ ]3Itk DNA histogram® #4S CELLQuest
program(ver. 3.1)& ©]-83}3it}.
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#3t] Mann-Whitney U testZ ¢339t} 0w p<0.05
A B2 SATA el 2 sk

£ AFelA ROSY T4 F 5(2002)2 Wl 3}
o 1,000 1 M9} xanthine@} 50 U/ml] xanthine oxidaseZ
Ha At W oR siglen, dalsiAle AelE 200
U/ml®] SOD$} 500 U/ml9] catalase® A A5 L= Ads)
of A7l AHEEATh A A8 AR ARE zhze) 27
ol A 2A17F FF vl & GAbe] 7 9 AAF WE g
g A3tk

ROS7} =2 A#te] 7)%Fe) plAE J3FOEA jono-
phoreoll RE&3te] of7|®l HANS AEE B3 A}
AASEL X-XO AT ROSo| =25 =] ¢9ked
T vussles Wl {3 Ap<0.05) THAE Yo
(Fig. 1), A7 A} A} v -] 313 AAHHOST) M % A
2 w77} A sk A v)go] 284 A|(p<0.05) BAH
ATHFig. 2). FtsbA| 2] AE] Fjol] glo)A catalase T
catalases} SOD®] W& gl HAWSE3 HOST &=
Foll A ROSOl tigh otddks aspxow Asiazion,
SOD9| &= AeleA= &3l &77F JehA] $UtHFig.
1, 2). ROS 28o] =] A2}<] lipid peroxidation®ll v %]
£ 9%l 2014 malondialdehyde?] 4 AEE= X-XO
9 Aeldy vwEte SOD ATl E Foldt x}o)
7F JERA] k0 1} catalase BB catalase}t SOD H 33
A rd e 48 A(p<0.05) e 23S Jehgld
(Fig. 3). Catalase®] A2l ROSS 9oz WAe &
lipid peroxidations E#A o2 353l

ROS7}F A Z3A+2] DNA fragmentation®] 7] 2]+ 3 3F
S ZAKE 23, DNA fragmentation 4%XE ROSY| =2
HA F3E vz v wsted X-X0 ©2 A F A &
2J8HA| F7HE ATHp<0.05)(Fig. 4). 3+, 413k4 Mg &
el 1ojA SOD @ Ao A% DNA fragmenta-
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Fig. 1. A measure of acrosome reaction affected by superoxide dis-
mutase (SOD) and catalase (CAT) in porcine spermatozoa after 2
hr incubation with ROS activating xantine oxidase system (X-XO).
Acrosome reaction expressed as the difference between spontaneous
and ionophore induced acrosome reaction rates. Values are meant
SEM, n=4. * p<0.05 compared with the control.
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Fig. 2. A measure of porcine spermatozoa swelling affected by by
superoxide dismutase (SOD) and catalase (CAT) under hypo-os-
motic condition after 2 hr incubation with ROS activating xantine
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oxidase system (X-XO). Values are mean+SEM, n=4. * p<0.05 compa-
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tion AE7F frofdo s 7HAskA] koK (p<0.05), cata-
lase = catalase$} SODE W8] A g]vtol A+ thxv)
B st Zol7) glE Ao R e} gt 8-S 4
UATHFig. 4).
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Fig. 3. Induction of lipid peroxidation affected by superoxide dis-
mutase (SOD) and catalase (CAT) in porcine spermatozoa after 2
hr incubation with ROS activating xantine oxidase system (X-
XO0). Lipid peroxidation expressed as malondialdehyde (nmol) ge-
nerated by 1x10° spermatozoa. Values are meantSEM, n=4. * p<0.05
compared with the X-XO treatment.
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Fig. 4. DNA fragmentation affected by superoxide dismutase (SOD)
and catalase (CAT) in porcine spermatozoa measured by TUNEL
and flow cytometry after 2 hr incubation with ROS activating
xantine oxidase system (X-XO). Values are meantSEM, n=4. * p<
0.05 compared with the control.

(XXO) A &8 o] 83he] Qg ox T ROS 4
gtol] AAE =EA7) ¥ ROS7F AAbe] HAW-E-& A3}
¢} A&} 2H(plasma membrane)2] 75 <4 2 DNA frag-
mentations S7H71€ T3 A2 e ¢S 73t
© A& 2 U

A 2 MFEE ROS7F AAtel] v] A= Gl A% &
< A7) Yol gom, ROSE T7% 5% Tl o
gt ARt 7539 SHo) ol ae HEL AFHE
vehd = gl Aoz 2434 Sltk(de Lamirande9}t Gag-
non, 1995). A4 <1 AE]H 2As oA HA= A=} 2}
A leukocytes®] 2-gel o5t WA HE W FFo
ROS7} gHrsof glor, 474 39 ROSE= A4 nd

70
¥ ¥/ (hyperactivation)# HARHE 3 HE {FA

et B8 A4S dtHAlvarez 5, 1987; Aitken¥}
West, 1990; de Lamirande 5, 1993). 22\ A& ti%t
o2 3 Aol GAEY BAe] A, G o] A
7} vlwete] H& FE9 ROS7F Ei-Hol o, 7]
ROSSH 54 AAte] 24 zhol]l Aol Joka HiH
AtHIwasaki®t Gagnon, 1992). 27t4] o2 ATAE
o5t} ROS7F AAte] 254 FATH 8 J3E
ks A3Se] Byge wa ROS7F ARt vAlE
2949 gg s AT Wg o] FokRaL
2tk ROSY AL ZALSH] f3te] HFZHOE free
radical 5 FRFEE A3 ARl AH2jshe Bol A2
F oy, 98 FF9 free radicalE& Ao 2
T e F-E Ad X-XO Al=Ho] ROSS 93ds A
dhe A9 Wes gy o851 glrk X-XO Al=FlE
AYHE T gEH o2 "0, ¢ HOE A, o
9 22142 dEAg o= Qldle] EA7|7He FARE Al
Fol| f540] & OH9F 22 free radicale 23=
Aoz d#A Yok

2 A7oA X-XO Al=Hel ggte] 5& FECR A
H ROSE HA AALe] LPOE S7HA1H 2w, A9 HA
W3 A g ol A Az} ghe] B S| FFHd &
& FEEsinh Ak 9989 e] LPO= ROSS} %2
Z2RH 2d=E AR &89 Fag Ao d8A
tHAlvarez 5, 1987). A ¥9] ¢4 A o] LPO7} HE3H
g A9, ol EAske EX 38} A iate] WA wek
Az} wre] Fzok 753 WAo] o7|Hoka Rt
(Ohyashiki %5, 1988; Block, 1991). W} 2 A A3}
A ROSY 4d3ko = Z7td LPO7F SR Axle] ¢3dgt
&dol Yoz st Azte] HANE-SHI ZL 7
ol ol & 23 Aow AZErh

AN Yol = AkE ROSE S9AZ = &= o8 &4
Eo] g5 2o dA FF2 ROSE o5 £4EY
Z+g o2 3t} Axlel wx= Jao] HA Hok HEF
¢l gakslA 24 SODE 'O, & 0,8 HHO,Z, catalase™
H0,Z H0% 0,2 ¥3A7Ich ¥ Aol A ROSY @3
o gt gAatstA|e &3S AR A¥, SOD &5 A2l
A ROSY) f3lAdel gt AA 7153 LPO EFellA <
3 Z37F JehR]) gstord, catalased] @5 X E 2
SODebe] WaiA 2] BFoA AA} 7|53 A4 W] o
3 &3l a9 Jeph ol 23 EA 2 E ROS
% 'O 2ol HO7F A ARl B g 43E 7
e A4S IFAE & Atk A7 ZAE gde=
X-XO A 2®& E3lo] YA E ROS7F AR 7159l A
= A7l 2 A Aot FARSHA ROSS F3oE A
zpo] &EAol A3 AFHT AR 75 SHE
B3tH o2 wtgdshs FHUVE AAR F2E ARk
A AL G2 FAEEo] frofshAl Rkt RaEUY
(Aitken =, 1993a). AF AAE HFOZ X-XO Al&=HE&
o] g8 & T} Aol A ROS7E LA E el @} ionophore
o Wh-g-3h= AN A=} A d¥dute] EX3A|
Abel F27b ZHag ol B E Y HGriveau &, 1995). ol &
o] AT EFoA HAE ROS F 'O BoE HO0x9 /3l
Aol =9k Aoz yergdth ek H =R HHE o
&3 Aol A= ROSY FFo2HE HAY 25HE K
#3l=d SODE U catalase?] A& &7t Fradvta
B E AtKGuthrie$} Welch, 2006).
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€ 9] AEEF nlaste] Aele] A3 (chro-
matin)& A< 74 F histone©] disulphide bond”} %7}
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T WS 4o F & o 290 9zksA weshA
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£4¢ dogle Ao JdAA Urklopes 5, 1998
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