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Effects of Reactive Oxygen Species on Sperm Function, Lipid Peroxidation
and DNA Fragmentation in Bovine Spermateozoa

Buom-Yong Ryu"?, Yung-Chai Chung', Chang-Keun Kim', Hyun-A Shin', Jung-Ho Han’,
Myung-Geol Pangz, Sun-Kyung Oh’, Seok-Hyun Kim™, Shin-Yong Moon**

Department of Animal Science & Technology Chung-Ang University', Ansung, Korea, Institute of
Reproductive Medicine and Population, Medical Research Center”, Department of Obstetrics and
Gynecology, College of Medicine’, Seoul National University, Seoul, Korea

Objective: To evaluate the effects of the reactive oxygen species (ROS) generated with a xanthine
(X) and xanthine oxidase (XO) system on sperm function, the change of sperm characteristics, lipid
peroxidation, and DNA fragmentation in bovine spermatozoa.

Materials and Methods: ROS were produced using a combination of 1000 uM X and 50 mU/ml
XO. The ROS scavengers: superoxide dismutase (SOD) (200 U/ml) and catalase (500 U/ml) were also
tested. Spermatozoa were incubated for 2 hours in BWW medium with a combination of X-XO
supplemented with or without ROS scavengers at 37C under 5% CO, incubator. Sperm movement
characteristics by CASA (computer-aided sperm analysis), HOST (hypoosmotic swelling test), Ca-
ionophore induced acrosome reaction, malondialdehyde formation for the analysis of lipid peroxidation,
the percentage of DNA fragmentation using the method of TdT-mediated nick end labelling (TUNEL)
by flow cytometry were determined after 2 hours incubation.

Results: The action of ROS on bovine spermatozoa resulted in a decreased in capacity for sperm
motility, Ca-ionophore induced acrosome reaction and membrane integrity, an increased in
malondialdehyde formation and the percentage of sperm with DNA fragmentation. In the effects of
antioxidant, catalase completely alleviated the toxic effects induced by the ROS in terms of sperm
function and characteristics, however SOD exhibited no capacity to reduce the toxic effects.

Conclusion: The ROS can induce significant damages to sperm functions and characteristics. The
useful ROS scavengers can minimized the defects of sperm function and various damages of spermatozoa.
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4427 (reactive oxygen species; ROS)7} &)
7FA A @A AXE 8o JEE v A
< HARE & Qe Aol BE 714 (ae-
robic) AXEL HE oA 2t&tAl} o] Foix]
), o] 34 ZFof zdH o2 ROSTF A HY W}
A olg X Eo] AAUAE FAERE FF ROS
o xEHE AL AT F g FFolth AA W
e PAHE AX9 agol wel superoxide
anions ( - Oy7), peroxyl radical (ROO * ) hydroxyl ra-
dicals ( - OH), hydrogen peroxide (H;0,), A At}
gt g2 vpde F5+9] ROS7H A4 Ect

ROS7} Al 3o] otqakE vlA= 714 F9 3
= EXE Auikel 418 (lipid peroxidation; LPO)E
2HE 4 Aok EF58Y Ax= 432 (plas-
ma membrane)oll B33} Aito] FHE Wb, A
2+ AZ Yol ROSY B8-S ¢33 F JE &
27} B&sl7] ol rROS2 Hakol wll-¢ w7t
Al wkg-a!

A Yo EAJsHs ROSE AR 2R HE 7
258 fyse Ao deixm ok FAE 5
9] ROS A% ¥ES YA signal trans-
duction 7]2}te] wi/fH|2A TR AL gk
A3AQ deldlA ROSE BAAY 1E€Y &% (hy-
peractivationyg A 3}3L phospholipase A2E &5}
gt A% dEoly AN 2& A2} VT
of §o& 28-& = Ao BuHy k> 3
A o= BAE ROSE A3AZ 4 = super
oxide dismutase (SOD), catalase, glutathione peroxidase
o & 247 EAgtn Yok 2y o4g o)
o2 Qdte] FY ol ROSY FEI} 2 E AE
e B 547 T2 B 2 AEA
o] AstH e Hze ot o] 2’ £ B
3t A4E ROSE ATP 3122 Q18te] AR axo-
neme?] 415 mitochondria 7)% &8}, DNA, RNA
2 A gk o) A#)T HE FA (cytoskeleton)?]
Bisk® Aziel date] 8 A 5 22 U@
Hodol G vl Aoz nusy gk

B A7 ROSTF & A ulAE e o}
R7] 215} xanthine (X)-xanthine oxidase (XO)& ©]
B3t A9 H g FAHE ROS7H AA 7155, LPO
9 Ax}2] DNA fragmentationo] vl of gk} At
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B dFole FEFAs AFAGEEY Ao
2B o] 4] Holstein =R--25E #)2% 05 ml straw
o] 5AA A AE3I)

2. A7 ¢y

1) 7|2 Hj

B Ao} = 20 mM N-(2-hydroxyethyl) pipera-
zine-N'2-¢thane sulphonic acid (HEPES; Sigma, USA),
20 mM NaHCO; (Sigma, USA)9} 0.1% polyvinyl alco-
hol (PVA; Sigma, USA)0] %714 Biggers Witten Whit-
tingham (BWW) #jJ g 4 A7¢] 7|2 ¢
Ho g AME3IUTh

2) Y He|

B AT Aute] AR 718220 A A WS
o7} Arh

A FAAN G 37C FFo0A] 2023 A
gt en, g8 £ 5 me 7|2 fFRez 54
st QAR (500%g, 5 min)dtA Tk AE5AE AA
o AAAE 2 me] 7|18 wjgRoz HAsto
22 YAEF (300xg, 5 min)dtRAch o]F 7]E u)
gRoz Zhzhel dgo] @y AHAEY A ¥R
A5l 25 AR S PR 34 F A
LF40] 80% wTtollel A= Aol Alelst
Fri= s

3) HREE 0188 A 2&Y B4 (Com-
puter—Aided Sperm Analysis; CASA)

CASAE A AHeld A 10 pE v 37CE 7}
E % makler counting chamber (Sefi medical instrument,
Isracl) $joll ol F TI23A CCD 7holE} (NEC,
Japan)7} -3¢ 943 @)% (Olympus, Japan)©l
A% CTS-60/200 system (Motion Analysis, USA)S
o] g3t} ARt

A 5 5 E Uil R824 ¥4
(motility), AN E&FEE (straight line velocity; VSL),
TMEFEE (curvilinear velocity; VCL), FHAR
A¥E (linearity, LIN), &5 %% 7€l (amplitude of



Table 1. Parameter settings of CTS-60 system

1. Temperature 37C

2. Frame rate 60 frames/sec
3. Duration of data capture 30 frames

4. Minimum path length 25 frames

5. Minimum motile speed 10 pmysec

6. Maximum burst speed 600 pm/sec
7. ALH path smoothing factor 7 frames

8. Depth of sample 10 pm

lateral head displacement; ALH)E E415}1¢ith olwf
223 A} (hyperactivated sperm)®] 7]F& VCL>
100 prvs, LIN<60%, ALH=5 ym= skl

£ Aol ALEH CTS-60/200 system] Z7] 4
A X Table 13} o)

4) ZXte ME% Mzl (Hypo—Osmotic Swe—
ling Test; HOST)

HOST% Jeyendran 5-'29] Wilo] &3t} Al3)s}
At

A ZF’JQ 3 A 300 pl (20<10° spermatozoa/ml) S
fructose (Sigma, USA) 13.51 gm¥} sodium citrate (Shin-
yo, Japan) 7.35 gm& 32} FF5 1000 mlol| o
& AFE 150 mOsm/KgZ AlZ" A3 £ 5 ml
o Z3e F 37T F& WollA 30837 vl
o ol F 500x<golA sEL AdEYRLH, FF
NG AAZ ¥ WM oA 10 plg 3t AR
&etol = Bhal Ao X AT

A} E’ﬁ% st §AF AujA oA &etol
= g #Ha 20070 o]4te] AAE RESIUCE ARt
B0l #-32 Figure 17} o] EFaM3ch wE7t
Ay BAHA G A4 o vF DU B3d
AR VF-Y FFo] §loW b, FFo] JloH 2
FEsl o, v)E F3F 9ot dato] FAJo| ¥
T 7A9E d, o5 S RAT BgE Bhe e,
57t Aukd oz WAy SR f vHIt
AR g BAd FARE gele
HOST ¥ AA} w]¥7} ¥zt Aato] vl&d 9=
Sk AAke] FpollA w Rt Wstd b~g R3] W
£=2 ALt
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Figure 1. Diagrammatic representation of hypo-os-
motic swelling patterns. Shaded area denote regions of
tail swollen. a, no swelling; b~d, tail-tip patterns; e~g,
various types of swelling.'?

5) EXie| MAEtS 24

{1) Stock solution2| M=

Calcium ionophore A23187 (A23187; Sigma, USA)
1.0 mg& 382 pl9] dimethyl sulfoxide (DMSO; Sigma,
UsA)l o HE F 5 mM/L stock solutions Al
z2% & ¢FulFado] M2l eppendorf tubedll 20
ul 8 EFste] 20Col BASISTE AHE 3L £
Z3 20 pl9] stock solutionol] 4.98 mle] 712 wjory
S #Hrlste] FAF HE 20 uM/LY] A23187 §-A3%
=202 498 mle] 718 ikl DMSO 20

plE ke 898 Az ARSIt

Hoechst 33258 (H33258; Sigma, USA)S 7]& i
Ao | mymlo] FEE 2AJN F dFVEIY
ol #41 eppendorf tubeoll 20 pl A F-F3}e] -20°Coll
BEETE AFE FY £ stock solutionS 7]+
Aoz sMste HE T 1 pgmleE AT
3 AT

Fluorescein isothiocyanate conjugated pisum sativum
agglutinin (FITC-PSA; Sigma, USA)& 7= | my
mle] FEE 24 & EFulEs Al MRl eppen-
dorf tubeol 100 pl & E5:351e] 20T HAsHTh
AHE 2 59 FITC-PSA §9& S/HFE 34
(1:9)3td AF ¥ 100 pgmlE AT F 2183}
sirt.

2) M

A 2L Cummins 19 Wl F3t

A3kt

A A2 AR A (20X10° spermatozoa/ml)&
WEstel 242hE $Fo) 20 uMIL A23187 89 (3]
Z =% 10 yM/L)T} DMSO §902 5|43t 30



3 37T, 5% CO, ¥i%7] ol A ujokatch.

(3) BA HM 9l HAote B

B 3 AA; Bfodol FaFe] H33258 &AL H
7hste] oA o] T e E fRIHEA 727
HA3I3iTE o] F 1.5 mlo} A} HB-H-4L phosphate
buffered saline (PBS; GibcoBRL, USA).C.2 3449 4
ml®] 2% polyvinyl pyrrolidone (Sigma, USA) column
ol &8 T3 500xgE 5B AR AT A
AL AARL A E & HolE F 20 uiE
8l sEto|= Yo =, ARAZ F 95% ethanol
A 5 ek 1A, AZxY £FPol= ¢
o] FITC-PSA (100 pg/ml) 100 & "ojr=d F 4T
moist chamberoll 4] 1SEZF AXA AT} 28542 9
AL N At AZRAZ F Azt g9 ¥y
o] AletA & AL WA87] Y8l propyl gallate
mountant2 B4 S}Hh Eetol=o] FEAL mercury
bumer®} epi-illumination module¢] F3g &3 n|
73 (Olympus, Japan) 3194 10009) )-8 H33258
FAol] o Fzle] AL AR BEL A3l filter
cube UE A1-4-3+31 3, FITC-PSA EMo) o3 A=}
A B9 AL A5t filter cube BE A3}
Ack

T e} sgtol=olA 24z} 2007) ol4e] AAE
T2kl H332580) FAFH S ¥ AL el
52 A3 A FH AASE GAHA @A
W, HR4EQ HA FHE Ad AAE AYstn
A 7971 43 F¥Y R, HE (equatorial
segment)7} FAH T HA 97} REZHog g4
A, Axditte] g HAle & o)A R
4 734 3% 2 ¢} (oolemma)FHe] §3o] 7}
T8 FAAWYO] xEH 1 243 HEYE A
HeY F¢vto] A8 A W& Y2
A23187 AT oA FANEE (%)L ZAMH
At

A23187¢] RE-g-sed HA-$-S vEhd 4 gl
FANRS AEE A23187 el FA N EolA

T HARS-E) 2poj2A AR
6) ™At xjekel AL (lipid peroxidation)
Lipid peroxidation& #F AHE-?) malondialdehyde
£ S 3 thiobabituric acid (TBA) ¥HgHog &
ABFRATEM
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A Aed AAE Ca™, Mgol AAE Hank's ba-
lanced salt solution®. 2 3|45t A=} FXE7) 20%
10%ml FA 243} ). Lipid peroxide®] malondial-
dehyde2.9] &S FIA7]7] Y38t 33 5/F
2 349 1 mM ferrous sulphate (Sigma, USA)S} 5
mM sodium ascorbate (Sigma, USA)E 2+2} 10 pl 4
371 B2 F-F4 1 mie] F7F8k 37°CeA 308
ZF ookttt 250 w2l 40% trichloroacetic acid (Sig-
ma, USA)E A7}5ka 0Coll A 1087 AX18k lipid
peroxidation & FA]A1Z1 F 2500}goll A1 1087 Y
AR o|F AT 1 mlE F43te 250 pie
1% TBASH Eftste] B B4 1087 9313
I oA YZEAIZ o} Malondialdehyde®) FX+&
spectrophotometer (Kontron instruments, Switzerland)&
°]-8-3t% 532 nm FFol|A] YhgAe] FHE (optical
density)E S48k} 495130tk 4] malondialde-
hyded] & ¥ & S35 (1.49%10% - mol™ -
em™)E 71E02 BT

7) SME 247 (flow cytometry) & 0|
Xt DNA fragmentation &4

Z2}9] DNA fragmentation %2 TUNEL (termi-
nal deoxynucleotidyl transferase (TdT) dUTP nick end
labelling) 714 o] & &% APO-DIRECT™ kit (Phar-
mingen, USA)S} 4 3 £47] (Becton dickinson,
USA)E AH&3ted A8kt A M8 HAE
05 ml¢] PBSE 3|43to] A=A} &7} 2~4X10%ml
o] §EF XA 5 ml9) 1% paraformaldehyde
(PH 7.2)8 2ol €& HolA 15833 2R3AZ
o] 300%goll A s¥3F YAEYsta AAAE 5
ml9] PBSZ 28] A& ¥ 70% ice-cold ethanol 5 ml
£ 931 20Tl H& 3087 AA3AT 300<g
oA sEF A YAE-E] 3 459 ethanol & A|A
g F A2 E 1.0 ml9) wash buffer2 31415} 300
xgollA 53 AAEsH AE HAHE 23] v
S ol¥A ¥ AR ] FITCUTPSH TdT
enzyme©] €01 A€ FAN 50 plE Y 37ColA
603k HHEAIR T Whgo] B & 5 ml9] rinse bu-
ferE ¥ 3 300xgoll Al sE st A
& 23] PHEEFYE o]F Aol 05 ml9)
propidium iodide(PTyRNase A%-& H7}35}o] ¢holA
3083 23T 4 F A 42 343
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Figure 2. Histograms of the TUNEL assay in bovine
spermatozoa analyzed by flow cytometry. (a) A typical
negative control, in which 0.1% of the spermatozoa are
labeled. (b) A positive control treated with DNase I, in
which 62.8% of the spermatozoa are labeled.
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Z 02 DNA fragmentations S =8 HAE positive
control & ©]-8-8+<] Figure 201412} o] DNA frag-
mentation®] °F7|® Ao} FBF7FTo| Uigt JEE
ARt o]F B2 Figure 29 AAAE 7|&
o2 BEAMEE AR1o] DNA fragmentation TS
At

8) ROSQ| gt sHitstr| o &2

ROS7} & Azto] wlX & 43S golur) At
o] xanthine (X)#} xanthine oxidase (X0)2] & #&
2 Q19141 ROSY] LS =T WA X-XO
A9 HA v AR A MRS dolry] ¢
3o 7] E wjokelel 250, 500, 1000 uM<] X$} 25,
50 mU/mle] XO& W3d Aeste A Agd & &
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Figure 3. Kinetics of reactive oxygen species generation in the xanthine and xanthine oxidase system used in this
study. (A) Luminol-dependent chemiluminescence for time resolution of H,O, generation. (B) Lucigenin-dependent

chemiluminescence for time resolution of - O, generation.
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Table 2. Influence of reactive oxygen species generation with the xanthine and xanthine oxidase system on the

movement characteristics of bovine spermatozoa

Time (min)
Movement characteristic
0 30 60 120

Motility (%) 82.410.8 49.5+0.5" 50.8+1.5" 16.3%5.0°
VSL (unvs) 66.317.2 41.8%2.5" 19.5£0.9° 4.8+48"
VCL (unvs) 129.3£7.2 88.8+3.3" 86.543.1 23.8423.8"
LIN (%) 51.5£3.1 483+26 255+23" 50+5.0°
ALH (unv's) 6.0£0.2 44104 4.8+03" 2.1£2.1°
HA (%) 21.6+3.4 5.1%+19" 54108" 04104

Values are mean+SEM, n=4. " p<0.05 compared with zero time. VSL: straight line velocity; VCL: curvilinear velocity,
LIN: linearity; ALH: lateral head displacement; HA: hyperactivation.

Table 3. Effects of antioxidants on the movement characteristics of bovine spermatozoa after 2 h of incubation with the

xanthine (X) and xanthine oxidase (XO)

Movement X-XO+
characteristic Control X-XO SOD CAT SOD + CAT
Motility (%) 52.0%+2.7 163%5.0° 175146 66.814.0° 63.3%4.5
VSL (um's) 72.5%3.9 4.8+4.8" 6.5+3.8" 63.318.1 61.515.8
VCL (ums) 123.0£6.7 23.8+23.8" 21.8+13.4" 121.316.8 115.3£5.3
LIN (%) 56.8+1.1 5.0%5.0" 16.8:+10.8" 513+4.7 520435
ALH (um’s) 54103 21121 2.7£18 5.8+03 58403
HA (%) 56%1.3 0.4104" 0.0+0.0" 14.4+23" 11.3125

Values are mean+SEM, n=4. *p<0.05 compared with control values. SOD: superoxide dismutase; CAT: catalase; VSL:
straight line velocity; VCL: curvilinear velocity; LIN: linearity; ALH: lateral head displacement; HA: hyperactivation.

£ A3t

ROSO thet SakstAle] ase Yolry] 915t
X-XO%} superoxide dismutase (SOD) =+ catalase S
B3 Mt} i A48 A4 Ay 55
o} AIREE Yolr 7] $131e] 718 ujgtoll 200, 400,
800 U/ml®] SODEESE 500, 1000, 2000 U/ml®) catalase
E 77 A7kt AR AzbE 84E 248
Rk (B 71e3A ). F AA EF =l
54 Wt f9g zbol= oy uFE A
gollA thh ZAEE Aol YE) bl 200
U/ml®] SOD$} 500 U/mle] catalaseE 273 FE2
Agste] 25 APS APt

X-XO &5 A, X-X09 SOD E+ catalase?)
Wy Ao mE & A9 &5 ¥, NS E,

HOST, lipid peroxidation, DNA fragmentation 4]
Z}zko] Ao A AAE 2417 YT F AlY
Aok

9) ROS2| U &%

ROS9] AL chemiluminescence WHLE &4
319t} Chemiluminescence signal LB950 lumino-
meter (Berthold, German)E ©]-8-5F4 32749} integ-
ration mode= 7|53} th ROS E4& $% probe
+ luminol (5-amino-2, 3-dihidro-1, 4-phthalazinedione;

. Sigma, USA)¥} lucigenin (10, 10-dimethyl-9, 9'-biacri-
dinium dinitrate; Sigma, USA) AH&-5F31T} Luminol
< F4 pH A AX 2 JFHEE, AX
Wele) t}ekgt ROS (H,0,, - 0,7, - OH)9} wk3-3}
o] A5, peroxidase EA 3t H,0,9 AT

o
T

5
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Acrosome Reaction (%)

+%-X0

Figure 4. Effects of superoxide dismutase (SOD) and
catalase (CAT) on the acrosome reaction in bovine sper-
matozoa after 2 h of incubation with the xanthine (X)
and xanthine oxidase (XO). Acrosome reaction expre-
ssed as the difference between spontaneous and iono-
phore induced acrosome reaction rates. Values are mean
+SEM, n=5. " p<0.01 compared with the control.

HhE-& YERATE ¥ ucigenine F4] pH “dElol
A AE ) B3R FHo|H, ROS T FE - 0,9 4t
S8to] At

o]& F probe?] stock solutione DMSOZE 8443}
o 25mME A28k

Luminol& ©]-8-¢ X-X0O Ao+ &€ H,0,9
242 X (1000 uM)~XO0 (50 mUmb7} 2718 400
ule] 718 skl luminol stock solution 4 i (F
F5E 250 uM)2} PBSE 3|AE 8 pl9) horseradish
peroxidase (¥ % 5 124 U, Sigma, USAYE A7}
T luminometero] A 120827t signal-S S48t

Lucigening ©]&& - 0,” $4-& X (1000 uM)y~
X0 (50 mU/ml)7} Z7He 400 ule] 718 v gdlof
lucigenin stock solution 4 pl (B3 5% 250 uM)E A
7}et T luminometeroll ] 120%-7L signal S &X'}

Aot
3. B 24

Aol it BATY B BA w7A 22
213321 SPSS (ver. 7.5)& ol &3l on, F #1319
A BE 9)38le] Mann-Whitney U testE o]
Hth ol® p<0.05%) A& BATLR f94o
A= Aoz AT

AR TN
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Figure 5. Effects of superoxide dismutase (SOD) and
catalase (CAT) on the swelling of bovine spermatozoa
under hypo-osmotic condition after 2 h of incubation
with the xanthine (X) and xanthine oxidase (XO). Val-
ues are mean£SEM, n=5. *p<0.05 compared with the
control.

Z2

1000 uM X~50 mU XO/mle] #glolA] dA4= &
A% ROSE A8 23 H,0,9 2L 18 43
o] (9020X10° cpm), - 0,72 LAL 102 Hofl &
A (1400}10° cpm)E HERI 21, o] F F43]
P2 A%S BATH (Figure 3). ROSY FA ¢
bt Aitken $°9] HE oA 9k 2Ho] X-XO system

14 LA uric acide] gAksh Zgol ojgtk Ao
2 Aztdc) AAke] £%54-& ROS B4 FdH &
ASHA X-XOE AgsiA] g dzad vliaste
%7 3080] 2 AA &% parameterS0] 35}
A ZAE AT} (p<0.05) (Table 2).

ROSS| F7ol we Axle] 2FAel HAE 4
#2 BAsl] Y5t Xx09 A EA - 0,
o} 9¥&tAIQl SODY H,0,9 ¢3A1Q) catalase®] ©
E g ©¥ catalase®t SODY) W A& Al
A= Table 30 Qokd A} g

A Azre] 540l 9lolA] catalase T catalase
<} SODY] W A el X-XO systemoll A G+
ROSY) ot dks SAE BE % oA a5
Rog Astalg o, SODY &5 AHI)E ALHE
AL BE &5 Fo] X-XOF HsA] @&
23t wlaste) 423k Askd 298 Ve

oy



*p<0.05

Malondialdehyde (nmol/108 Cells)

SOD CAT SOD+CAT
+X-XO

Control

Figure 6. Effects of superoxide dismutase (SOD) and
catalase (CAT) on the induction of lipid peroxidation in
bovine spermatozoa after 2 h of incubation with the
xanthine (X) and xanthine oxidase (XO). Lipid per-
oxidation expressed as nmol malondialdehyde gener-
ated by 1>X10® spermatozoa. Values are meantSEM,
o=5. *p<0.05 compared with the control.

ATt (p<0.05).

ROS7} & AAL9] 7)%50) vl JFo2A jo-
nophoreol] BE-g-3te] of7|d AN AEE A
g Axt AANSEL X-X0 AgTolA zEa}
H| B S W F-o5hAl T4 (p<0.01) (Figure 4) =
Rew, AR U B HAL HOST)NME =}
w27} @stE A=} vlgo] f-oJ3tA FAHIUTH
(p<0.05) (Figure 5). 3HtatAle) Az F3jol] QlojA
catalase =T catalase9} SODQ] #3 Al HApat
583} HOST EFolj4 ROSO| 3l g &FL &
HAo2 AFAF 2, SOD2 &= Ao &
3t &7 PR 33ttt (Figure 4, 5). ROS 24
o] & ARt lipid peroxidationol] w2 g3kl )
o4} malondialdehyde®] A4 AL X-XO0 ¢ A
2T vjaste] SOD e ToM e g Aolrt
o}t catalase catalase} SOD W3 &
TolXE FosHA 2 A8 YR (p<0.05)
(Figure 6). Catalase®] 2] ROS9] otodgko = wt
A& lipid peroxidation2 &3}H o8 3= A
2.7 vepsitt

ROS7} 2= A 2}2] DNA fragmentationol] 7| X% 4
S #23 A3 DNA fragmentation A EE g%
T3 vl 2l X-X0 9 AT FoliA
7} 91Tt (p<0.01) (Figure 7). BA18kA] Ha] &1}l

.
E
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Figure 7. Effects of superoxidsmutase (SOD) and
catalase (CAT) on DNA fragmentation assessed by TU-
NEL and flow cytometry in bovine spermatozoa after
2 h of incubation with the xanthine (X) and xanthine
oxidase (XO). Values are meantSEM, n=5. * p<0.01
compared with the control.
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