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2o & APiME A AxFo| FHFTHYE, Ao WX E T GotRaa} v AaF 0 2 superoxide
anion2 xanthine (X) -xanthine oxidase (XO) system-Z, hydroperoxide= H.0,F =E ¥ E g &.0.H, nitric oxide (NO)&= NO
donor?] sodium nitroprusside (SNP)E X3ttt £33 GAEY L] vtz 482 leukocytospermiacl] T8k of g8 Lo}
B7) A8l ymphocyte ® FEER AT, YA MPIIR ALFEQ 2% OFEES AAW FES A % 0,
FEE 23S U9 AHE YU LA St $HEHYS Axo} AAWLEL Yohuy] S1a) chlortetracycline (CTC)
FAE S ol &tk A AN Fe= AN malondialdehyde (MDA)S] A4 %S F371E ol &3t FHatsich
H;0,, X-XO, SNP¢} lymphocyte A2l 1A Wi FA o] R FHGEF o] §Y3A Frtatg o, AxkaA e FolMe
Aol7t Atk A FEY H0,E AT Z-ole AAANS et A A oY, A FEAAE thxTel vs] #9
A Tt X w5 lymphocyteE A E BT 147 HEalel AA I} {olatA St o A8 E
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ABSTRACT: To investigate the effects of reactive oxygen species (ROS) on capacitation, acrosome reaction in human spermatozoa.
Human spermatozoa were incubated with xanthine-xanthine oxidase (X-XO), H.0,, sodium nitroprusside (SNP) or lymphocyte.
Otherwise, spermatozoa were incubated under low O, (5 %) condition. Chlortetracycline (CTC) staining was conducted to assess
capacitation and acrosome reaction. Analysis of lipid peroxidation was done by spectrophotometric determination of malondialdehyde
(MDA) production in spermatozoa. H0,, X-XO, SNP and lymphocyte treatment significantly increased capacitated spermatozoa within
1 h of incubation. There was no significant difference in capacitation between low- and high O; groups. In the presence of low
concentration of H;O,, lipid peroxidation decreased significantly. However, under the high concentration of H,O,, lipid peroxidation
significantly increased at the end of incubation compared fo control. In the presence of high concentration of lymphocytes, lipid
peroxidation significantly increased compared to control at thr of incubation. There was no significant difference in lipid peroxidation
according to O, concentration examined. Acrosome reaction (AR) was evaluated by CTC staining after the progesterone challenge. In
all ROS groups, AR increased compared to control. The X(100 ¢ M) - XO (100mIU) system was the most potent to induce AR. Taken
together, it suggested positive control of AR by ROS and the positive relationship between the lipid peroxidation and AR. The early
onset of capacitation in the presence of ROS suggest that ROS might be a positive regulator of sperm capacitation and hyperactivation.
Key words: Reactive oxygen species, Acrosome reaction, Capacitation, Lipid peroxidation, Chlortetracycline staining.
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EHFol AolM AR Y 5HEYE (capacitation)}
A ¥H-E (acrosome reaction)E £ L Y& WA YL A
0% 9eA Utk ABY A, 449 AR $02 Sol
BA7E BASE $4S 3] ANE AR W BAE 3
H3PHA hyperactivation=E| A A S 2N FAFH L 5o
2ot e FATHIERR S AXNEAN £E HIHR
A} superoxide anion, H,0,8} 72 WEA AbAZ (reactive
oxygen species, ROS)S AAZ o g AASA Bt (Aitken
and Clarkson 1987; De Lamirande et al., 1995a,b; Mckinney et
al,, 1996).

o8] 22743} (lipid peroxidation) Ho] 2 M w7Ha}HA|
HH-2-3he} (Jones et al,, 1979; Aitken et al, 1991, 1993). A4 =2
ARHE WA AaFe wrd wa A2 FA Y
AR Foll S AA FAY F3715e 2 A
o2 4#x Ut} (Brize et al, 1991; De Lamirande and
Gagnon, 1993; Griveau et al., 1994, 1995a,b). =31 2o X
AE Yo, WA AAEE A lFe fed o
Tk ohlE % AR}ER UHx EIHI 9
(Aitken and Clarkson, 1987; Alvares et al, 1987; Iwasaki and
Gagnon, 1992). & H0,+ B4 £3589 ¢ £& g
ZAj%t (De Lamirande and Gagnon, 1993), superoxide anion-=
AR WA $42 B7]) AN wEA ARG st
hyperactivation®} 8 F5HYSolgs B =g F&
Rz BRI 9ty (De Lamirande and Gagnon, 1993,
1995b).

B2 QoA JE3A AtAZe] o A G2 HA
Hhe A o]t FANS DAl AgS pXA e 7R
< AA YT BIEY It} (Jones and Mann, 1973;
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prusside, leukocyte9} 7+ HHEA AbAE DA AAES A g
AL, T g A SAo] Ao Fastdet
AZHoINE ANLFTE (5% 0y FHiolMe] 27E 34
THIEH FANS A Axete] AP Ats F2A
TE QolR 73} ST

Me X Y

1. Al & HE Y

Ago] ALEH wjokE S Ham's F-100] 04% BSAZ ¥7}
&) A3 TE Hy0,, xanthine - xanthine oxidase, sodium
nitroprusside, progesteroneS 3} spectrophotometrye] AREH
trichloroacetic acid (TCA), thiobarbituric acid (TBA), malon-
dialdehyde (MDA), chlortetracycline (CTC)S-2) A}oF2 Sigma
(St Louis, USAA} A8 Fviste] AFL3M oL

2. 24 MAZE 3 progesterone?| 2|

BEA AaFol £AFHYE, AN vAE 9%
< dolR 7] YA HhEA AFLEFOF superoxide anion
xanthine (X) -xanthine oxidase (XO) system& X (100 M), XO
(50 mIU~400mIU) A28} 7, hydroperoxide:= H,0,E 125
uM~1ImM7}R] 289 2™, nitric oxider NO donorgl
sodium nitroprussideE 0.1 uM~100 z M = 2]} ch. 3
AE 899 stz 483 leukocytospermiac] th 3l o3-S
Qo}r 7] 94l lymphocyteS SEHZ 1x10%ml~4x10% ml
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7HA ﬂa%}%} Al Hﬂ°k7M} /‘V\h‘—EC’ 20% Oy
E8 SASE 5% Oy FolA] ok
3 A7 "3—%’% gk HANSES °‘°}£71 AsiA 7+ A
A3 2ol progesteroned 10 uME A7}Fsg o

% H]

92 M/ BT BYE FAS HET BN §
GNE BT AAFA B S FAS YERD S VY
= Aystel Ao AgadTh 9 ¥ AAE Q] 919

% (50-90-100%) 2.2 FAR percolPY o2 28] A3
gt F3ole AAE 5o dA4EIE 1,000 rpm
o121 2027F 13], 1,200 rpmol A SEZF 1314 A st 4
7ol Aol 10x10774 9] ﬂx} li‘ st} Aol A3}
Atk AAE 27t APpe| BFF F 5% COy, 37C )
F719F 5% 0y, 5% CO,, 37C chamberol} oy 0, 308, 1A7},
3A)1 7Y, 6A17hE ¢t H) okl g Tk

]

ESE =M
A}E chiortetracycline (CTC) g4 38}7) Ao A}
$9137] YalA 100mg/mLe] Hoechst 332582
Ad A S 2 1:1,0008] &2 843 F A=)s)
% 287 Aol Az gA g
BAE 2% PVP7F 01U e i gA 0 2 Al Hstd Yo} ¢l
ARES AAS T CTCIA LY s olef st 7o)
o} Aze} CTCENYE 111 (0u)E Y4FrEsY
P wbeo X S & oA wu) g ol
T ¥ 0.5M Tris-HCH 2.5% (w/v)¢] glutaraldehyde
A7hete IASEY IHE AAE So|my
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7tetel 2l HAS {718 40% TCAE
14,000rpmo A 2582F AAEE 8L, 45AS Telstsith
2gdd A= 20019 0.05% NaOHES 1) 2% thiobar-
bituric acidZ 800 1 H718 T 1087 2 &, AR 4
3| 2, spectrophotometer (Amershamphamacia, USA)S o] L5t
o 334mmubel N EFEE =73 malondialdehyde (ma-
londialdehyde-thiobarbituric reactivity)® A 23153tk malon-
aldehydeE TAHCE N3 $E8 FAVFLE o] &3
ot (Mammto et al, 1996).
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1) H0, XMz2[Z

H0: (125 uM~ImM)E 1A ZH N 6A1H74A] A 2] B}
TATYYE (capacitation)F-& YoM Fde thest 2k
INZE He 2 $AFEYS e B0 125 pM~
ImM A2 (95.3£1.2, 95.043.0, 95.7+1.5, 87.3%0.6%)7}
A BE APl HRF (24.8+11.8%)dl Bla] {25k
=7 Yelgth (p<0.001). HET s Jpo)7t gl RS
2 ygyth 37 A 647 ARl e £45E
= AT7} 975123 ~ 100+00%C 2 thZ729] 88.0+20
~97.5+23%%} ato] 7} ANk AP0 HEFEe) FAN
of iz Hlal £AFYYE Jx7t MEA JPLS B
o33 gt} (p<0.001) (Fig. 1).

2) Xanthine (X) -Xanthine oxidase (XO) X2
X (100 £M) -XO (S0mIU~400mIU)E 1A17 A 6A) 77}

A Agstq PAFHAYFES ok ZdAE dud 2o
N7 AeZdA $RASHYFES LE 4F20) (560

5.2, 58.0+8.9, 85.045.0, 833+ 5.0%) EF (24.8+11.8%)
of wa] fAstAl =A vebth (p<0.001). HE el =
AT HFF (SomlU, 100mDET 25T A (200

mlU, 400mlU) A Bt} £& $HSHIEES BAFT
th. 3AT AeEE g A7 APFdMe £ EHIEE AE
7} 83.0+3.2 ~ 100+0.0%22 thZ9 88.0+2.0~97.5+
2.3%} zpol7t YIATh AEFol Asre Aol x
o HE FRTYEYE ot wEA JPEe BAFT
At (Fig. 2).
3) Sodium nitroprusside (NO donor) X2l
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g
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&
uz 40 { [jContml
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0 | | R

1 3 6
Time (hr)

Fig. 1. Effect of H;O; on capacitation of human sperm. Capacitation
was evaluated by chlortetracycline (CTC) staining. Sperm suspensions
were incubated with 10 zM progesterone at 37°C for 1, 3, 6 hr. Data
represent means ESEM; n=3; *p<0.001, versus control.
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Fig. 2. Effect of xanthine~xanthine oxidase on capacitation of
human sperm. Capacitation was evaluated by chlortetracycline (CTC)
staining. Sperm suspensions were incubated with 10 #M progesterone
at 37C for 1, 3, 6 hr. Data represent means£SEM; n=3; *p<0,001,
versus control.

NO (0.1 pM~100 s M)E 1AIZHNA 6A1ZE7HR] A 2] 5t
TRATHYSES ol B vud 2ok N2 AHLe
o] A1 EE2 ZE A¥Fo] (88.0+1.0 850175,

o 2 0
FASHYEES X5
773467, 747+32) 2 Z (248+11.8)) v} SoiabA &
A Ve (p<0.001). AFEede AFE ML (0.1
M, 1pM)o] 5% A (10 M, 100 xM) BTk 22
AFHIEES BT oy BA A ol gtk 3
AZE A E 6417 HEdoAE £AFHIYS ARt
83.0£32~100+0.0%0 2 TZ79 880+2.0~975+2.3%
o} Zoj7} gk A Fo] Aaske AR tERwel
He) FAFHIYE Axvt mEA FPPE BT ot
(Fig. 3).

4) Lymphocyte M2|Z
Lymphocyte® 82 1A 7H A 6A 771 Al st 4
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Fig. 3. Effect of sodium nitroprusside on capacitation of human
sperm. Capacitation was evaluated by chlortetracycline (CTC) staining,
Sperm suspensions were incubated with 10 #M progesterone at 37T
for 1, 3, 6hr. Data represent meant+=SEM; n=3; *p<0.001, versus
control.
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Fig. 4. Effect of lymphocytes on capacitation of human sperm.
Capacitation was evaluated by chlortetracycline (CTC) staining, Sperm
suspensions were incubated with 10 M progesterone at 37°C for 1, 3,
6 hr. Data represent means =SEM; n=3; *p<0.001, versus conirol.

118%)01] H]s}] Tr,} o]-
1 A =A ure}x{u} (p<0 001) xm-‘r—zﬂoﬂ Aol et 3
A7 A3 6A T AT ME Aozt eldieh Aol
AsEe ARl dzdd v £ASHYE Fr)
wEA JNYEE BAFT AT (Fig 4).

5) Low (5%) O, 2|2

5% 02 AR AEste g2 20% 0)F £3%9
Y5ES Yol Z23E b3 2o I HIFoA &
ALAYEFE 5% 0rF (28.0£26%)0] IR (24.8+11.
8%)ell W& frolstA EA JehgTh (p<0.01). 347 XA
A& ool val FoAstA A Uelnth (p<0.001). 64
7 AYZAME 5% 07 (83.0+£9.5%)0] WRF (97.5+
23%)0] Bla F3A B FATHYELS HYFT Q)
o (p<0.001). AFFo] A5k 47%1%101 ol uis)
TATEYE A2t wEA AYPE BdFT U (Fig
5).

2. IR} MIELe| XHDMS | M
1) H0, M2l
H,0; (125 uM~1mM)E 228 & 30

psd

HE |, 3, 64747}
A AA 333 2 A2 g 24 @-‘%—* O3 2 04
2ol e gz A2 Fa3= 39409 pmol/10°sperm
E Uedt 3080 AM 3A77A 8 F #adal f
T HRFo] 52+1.6~143+2797, HOAIZIAE

U AT
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Rate ofCapacitation (%)

Time (hr)

Fig. 5. Effect of low(5%) or ambient (20%) oxygen tension on
capacitation of human sperm. Capacitation was evaluated by
chlortetracycline (CTC) staining. Sperm suspensions were incubated
with 10 M progesterone at 37°C for 1, 3, 6 hr. Data represent means
ESEM; n=3; *p<0.001, versus control.

1.5+0.1~ 6540502 AexTd AaAgle] gz 1 H| 3|
A 22 AR ettt (p<0.01). 64]7F Z% AdlE
A S (125 250 M) X E F7ke] 271 giglou, o)
2RO R FEE FREE dH, 500 tMo N E th
T3 FAE AT A Fatsbrt FEEA o, ImM 2
T gE2EEY AF fatst fi Aot 24 Jelgou
AHOZ Fog ol QIATH (Table 1).

oft

2) Xanthine (X) -Xanthine oxidase (XO) 2|2
X (100 uM)-XO (50~400mIU)E X092 =Lz A3
BEE |, 3, 6A 7714 A F B3 8 Ac s e
3 ATe e 2ok 0RAA 6A7R S AY a5
2 ATE QR Fo] 52+1.5~185+579 7, X-X04Z
oM 5.4+12~20240820 2 HaETo Araglo] RE
4 zpojzt Qe AL E etk B8 M AlZbo] Hol gl
BE Y22 A e f3 JES 2 P Z7b2
YeR ATt (Table 1).

3) Sodium nitroprusside (NO donor) XMzl

NO A2 (0.1 M~ 100 £ M)ell A X 2fA|zbef] w2} 24
F33 f2 AR E S 43 e 2ok 142 A
Alodle AFER (01 uM)yE A3 IE Q2T 32115
Hig FAHCE fosA & AF AN (113£17, 114
+0.7, 26.0£2.0)7} $25 QT (p<0.01). AT+ E 100

M A ZAN 7 58 A Fadst L FARE UrE}LH
AT 3N 6A17F A A& t2E S Zelvt gl
E Uehgen, AEFEaME s Frtel BE Z7 h}
A& Ho|x ¢rgtt} (Table 1).
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Table 1. Effect of various reactive oxygen species on the lipid
peroxidation of human sperm membrane incubated for 1, 3 and 6
hr

Time (hr)
Treatment
1 3 6
Control 52%16 143127 185%57
H,0, conc.
125 uM 32%03 31+02%  53+03*
250 uM 3.0104 3.0103*  13.6F12*
500 M 38+05 37+£03%  196%25
ImM 33%02 65+£0.5%  26519.9*
X(pM) / XO (mIU)
100 50 63*t11 176306 193107
100 100 7012 162%L1 193%1.1
100 200 58+08  183+08  200*1L5
100 400 58t11  189%10  202%0.8
Sodium nitroprusside
0.1 M 51+t18 16015  18.1%07
1uM 11317  161%16  189+10
10 uM 14107 155110  21.1%08
100 «M 260120  167£07  16.7%25
Lymphocyte
1% 10%ml 34105 155£05 18.0+0.6
2x10%ml 123+12% 15507 196%14
3x10%ml 129£1.0*  156%12  204%L1
4%10%ml 175110 173£10  229%08
5% oxygen 4614 103%21 148+22

"Data are presented as means £ SEM(n=5)
"Different superscripts indicate a significant difference(p<0.01) (Chi-
square test) between data in the same raw.

4) Lymphocyte MElZ

LymphocyteZ 1% 10%ml~4 x 10%ml7kx] 2123 ol A9l
AHEE 2 YAl B2 Zl 4 s FE AzE U
3 2ok Az A7t T e B F8
W o d Aol it Iy 1A AgAdE Ask
(1x10°my 2 A9} % lymphooyte 322 (12312, 129+
1.0, 175+ 1.0)914 th2Z (52+1.6) Ht} EAHOZ §9
3 2717 yEhd T (p<0.01) (Table 1).

5) Low (5%) O, Xz2iz

5% 0, AP FAXY HIYAZF 46+14, 103£2.1,
148+22)0] mE A st §2 AT L Zrhokdel o
ZF (52416, 143£28, 185+5.7)F i}om e AlE
epgto, Ankd o2 gzt W AF ks G2

g%

o

#i A3 44

F-l)l
lt(o

o]§_

AEE Yeith (Table 1).

3.

re

24 MAE M2 MAA SAHYMO HYLIZE

1) H.0, X2[=

H,0; (125uM~1mM)E 1A1Zbe A 6A77kA] A )8}
A (acrosome reaction)52 Yol A= v 7
o IAZE A Fe M AN ELS BE FEAEF] X
T (0.0£7.5%)l H)3 ol 8hA A Yerstth (p<0.001). A
et Ao} gl Agi UERst T 317 A3
6N 7F A FAME FA-EEo] 37.3£58~100+0.0%2.
2 g2e (R23+1.5~81. 3+50%)y_t} EAHSR 52 A
ANTES el (p<0.001). BFFol Hs=e &4
glol el vl AANZol wEA PP BTy
21t} (Table 2).

2) Xanthine (X) -Xanthine oxidase (XO) 2|z

X-XO systemo] A XOE 50miU ~ 400mIUE 1A] 7+l A 6
AZVRA At AAWNSES gold e dEd 2
k. A7 Hel ol e d223 20)7F ATk 3412 2 g
Z3 6A1ZF A ZANE HANSEo] 69.7+5.5~100+
0.0%0.2 R (223+£1.5~81.3+5.0%) BT} EAHoZ =

< FANSES el LA (p<0.001), LFE AT (200
mlU, 400miU)o] AFT=Eo] H& HASEo] 3A e
ok Agzol MHelsEel BAGle] R wa) FA
Lo] MEA APFPL HoFT It} (Table 2).

3) Sodium nitroprusside (NO donor) Xz2|Z

NOZ 0.1 pM~100 £ M7AR] 1A 7 A 68 7474A] 25}
o HANEES Yol AfE ten 2ok 1IN AL
oA £AFYYEEL 0.1, 1 pMFES AT BE s
EoA(29.7+4.5, 71.3+6.0, 85.7+3.5%) ZF (9.7+£7.5%)
of Hla) F93HA A YERRTH (p<0.001). 3A1ZF A Al
v BE HEHFE (950130, 97.7+1.5, 87.7+2.5, 86.0+£2.6%)
A HEZ (223£1.5%)l v3 &2 AAPSES Uehl
ok 6417 Ao & d22H Aolvt gle A2 2 e
T} (Table 2).

4) Lymphocyte Xzl

LymphocyteE F LR Z 1A 7| A 6A17H74A] X glste] 3
AGES Yot A et 2k A7 A EoA
AL EL AT F (1x10%ml, 2x10%ml; 3.0+1.0, 20+
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Table 2. Effect of various reactive oxygen species on the actosome
reaction of human sperm membrane incubated for 1, 3 and 6hr

Time (hr)
Treatment
1 3 6
Control 9.0+75 143£2.7 18.5£5.7
H0; cone.
125 uM 53.7115.1%  72.7121.0%%  100.0L0.0%*
250 uM 58.7E11.0% 51.71104*  100.0£0.0%*
500 M 62.7193%%  44314.0%* 99.0+1.7%*
ImM 4531104  37.3E£58*  100.0£0.0%*
X(zM) / XO(mlIU)
100 50 143+78 79.7+4.5%*  100.0+0.0
100 100 10.3£7.8 95313.5%* 95.7+1.5
100 200 153£42 78.0 8. 7** 91.3%3.1
100 400 103£78 69.715.5%* 803£86
Sodium nitroprusside
0.1 M 3.0%1.0 21.714.5 100.00.0%*
1M 20%1.0 15.0 £ 1.0%* 99.7£0.6**
10 uM 503X2.1% 173245 95.0+6.2
100 o M 403E1.7¥*  203%1.2 75.7%3.1
Lymphocyte
1% 10%ml 120520  950%3.0%  967+15
2% 10°/ml 29.7E4.5%% 977+ ].5%* 97.0L1.0
3% 10%/ml 71.31£6.0%* 87.7.125% 843121
4x10%ml 85.7£3.5%*  86.03E£2.6%*  83.0%5.0
5% oxygen 14.0+7.2 80.7£3.1** 943+1.5%+

"Data are presented as means = SEM(n=5)
*Different superscripts indicate a significant difference(p<0.01) (Chi-
square test) between data in the same raw.

LO%)AIA e HEF (9.0£7.5%)e] Wa] f28tA v
wou (p<0.001), TEE ZAAE —‘c% AN E
FI Stk 3AZF MY A3 2x107ml, 3%
=2 AYE ZoME d2EEY W AL ES
FALH, BE FoAME A7t Atk 687 AN
E ASEF (1x10%ml, 2x10%ml; 3.0+£1.0, 2.01.0%)%] 4
T HEE 00£75%) ¥E Fo5A =2 FASES
HAFI g2y (p<0.001), 7%_‘5%011*1—: A Uebsct
(Table 2).

mlo_q
2 £

—

0°/m

.._.

ot
X

9%
H

2

5) Low (5%) O; X2l

5% 0,2 AVHEE At g2 (20% 0y)3 HA e
B2 ol 2= tded 2o 1A AAde gz
3 Zel7b YR 3AZHE (80.7£3.1%)3% 647 A7
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(943£1.5%)ell X HAESES] dixF (22315, 813+

5.0%)ell w3 folshA =A vetytth ddFe] AHelskol

A Q] Hx vl F35IYE Ao} wEA 313
< HAFI 9tk (Table 2).

a

ek

Reels 3449 AL okiek SEA) gk B,
¥4449 A%, 98T 193 AAH 398 Az 9
o} 7158 BAHE MAY ATTo] EAHe} YO

o o] EFAIAM uhEA AFAZ (reactive oxygen species,
ROS)e] AAEHT = 2102 B79Y Yt} (Rao et al,
1989; Iwasaki and Gagnon, 1992). Neutrophilo] 7} 748 g} vt
$A Aame PAAR GEA 9oy AL £
A z]7} lth o]+ leukocytospermiaZ} ‘FAI B L] shtE 9
AH71e 3t AT 1 G dolMe AFHA G F
EE°] Bol do} 7] Eelch

A 59 Bus 2AHE 2L 359
< signal transduction cascadeo] #od 3ty B
(Baeuerle et al., 1996; Suzuki et al., 1997), o}2]3} g &o] Az}
8] A% (fertilizabilty)2] 5o 228ttty dalAx Yot
(Yanagimachi, 1994; De Lamirande et al., 1998). A}7} 43
Y853} hyperactivated 25 24 He AL uheA
Ao o £AEHE A2g AZ4e Ak (De Lamir-
ande and Gagnon, 1993; Graveau et al., 1994; Aitken et al.,
1995; Leclerc et al, 1998; Kang et al., 1999).

De LamirandeZo] 23} (1993, 1998) Abgr A zbo) A ¢
TATHY S superoxide aniond] TS FHFHIYSS
275 202 4RelT U o ojk
(SOD)S} 2 ABAE H7HY

L

@ i ol

Al A}

<}
i

superoxide dismutase
¥ #35HY 5] o

AHARE Aoz AHL Yo, & AFJME xanth-
ine-xanthine oxidase (X-XO)& ¥ ¥ =z #7I8t A% A7
o= A OIE@ 7% éh"—ziéi% P2 WA AaF
22 AR AF 30EE 1AT7EA 9 AZbe] Ers}A
AYHAH (Fig. 2), 53], AAHQA WA oo 9F
ghe 2ol Hls) A2 M (AT o]} WE A5 Y

So] AFHUL FRFHYEEL NS A
HAHOE Fass AR Yegon, e A7Ae 2
3 (De Lamirande et al.,1995a; De Lamirande and Gagnon,
1995b; De Lamirande et al., 1998)9}% Y X|5l= A0 2 AR
Ao ol @ My VASY HrhE AW FRSAYS

Z7] A A AhZFzo] £ASHIE, hyperactivation

i
|o
[l
2
2
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22 @AY A £ AL S AARE AoZ A}
Edrh

Superoxide ¥ o} g} H0,9 ZH2 AL ME $£H5E
Y5 o}7] oA} (Fig. 1) superoxide anionZ} 722 Ao L}
elyt=1), o] = superoxided) &F4+akA] ¢l catalaseS A 2§

TASEYEE] AP E GE A7AEY By (Gnveau
1995a; Aitken et al., 1995; Leclerc et al,, 1997)9} 72
A} ALRETh Nitric oxide (NO) G, 2+ FAMS B
AFZ AT NO7t AHALE $ASAYSe] B}
FAE o7 Y=o 1A etk (Fig 3). the NOY
3 A B2 HOE AL NE AT I

et al,

¥% oX

W (Zini et al, 1995), ¥ AFIMNE 237} H0,32) 9}
AH o2 e RO Ko} Zini $(1995)9) Z2q]
& A ALRFh oFH7HA] Hy0,8F NO7H A Abofl Al M
ARA 02 AR AL ¥ Roleks A= gnt
AT W RA] A o] HAFET A St
goh AU (Maas et al, 1976), XA 25T 9 NO7H 3
AZ S Azte) GS mXE AR AFEHT (Joo et al,
1999).

Leukocytes= A§ &AWl ol| A 7} 7@1
AA eItk G AeiA 2
7H1x10° /ml g 23} A48 BYY 9908 Hetn
th B d7oAdE 1~2x10%ml9 lymphocytes A= 4=
YYSS Aot Ao2 Uey AFA @454
2 AF}E AP0 3~4x10° /mle) A9o) Bt o &
ALZNE A= Rac Fig 4). ol g A= lympho-

;3

N

a’ém

[e]
[e]
[e]
<
T

yat

=
o

cyteoﬂ/q WA BRSA AAZo] AR 7)o e
w271 319 lymphocyte oA FE whEA AAR )
WA Q] polynuclear macrophage (PNM)&} v &0] 7 &

o] A ALE AAAE ACE ALEETH (Gonzales et al,
1992; Plante et al, 1994; Zalata et al,, 1998).
B ARE FEAHE G2 WY HLES AT 4

T

e
ol

T4 22 34 £8%Y Y5 UEA kA w
WZ2ZED #E NZHA $45Y 50 op7|Ho)zl A
< TYE FolAt (Fig. 5). ole WA AAEE A
APl M 3 R £HFY 50| WEA dojd
A 2L Adoln, ARAE A AAY B3] W)
A Fete A 22 3 FAME I 5E (20% 0)4
of & AFael EATE Yehlle FART ARED.

oo AFE FTE EHH, vhA AREL T EH
ARl A A AR £HEFEY 5 TS X e
RO g Ugyton, £3], 5% 0,914 20% 0, .0 W& 3

.o]

7
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245 44

=
e
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EN
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Y 853 Yo7 A2
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,{.“mg].j_ A3 AAlo] F
299099 e leukocytospermia$} 7H2
—E HEFY 2 B AR A4 43S nd &
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\__
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SR
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=1
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ks

N
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7t 2 54U #548e A He Aotk
AFE ke AZee AAZRERT O B2 EXE A

HAS et oty 24 gl (Johns et al, 1978;
Alvares and Storey, 1984), A}g A x}el] superoxide anion¢]1}
AaES M ok 20% o £xs
Aato] A E o] ATk E Bl (Alvares and Storey, 1984)
29, B A7 ME superoxide anion (X-XO), hydroperoxide
(HZOZ) nitric oxide (SNP), lymphocytes 3 7+ t}okdl whe
A NAZE AEEES w AR FHAE S
pia=g
& @79l hydroperoxide®] 7%, Ag F 3A17H7HA]
AgsEs] #4900 A2 FU87} Y olhe 52
o FAT (p<0.01) (Table 1). o]= Aitken% (1995)9] Z 3}2}
Y5, hydroperoxide S A AFAHAI Al A/ 8b= 71 2to] ¢l
7| Wl GE e A Aaprth 1 ok HE B A
Zro]l A EHE= Ao 2 Al T} Superoxide anionol] 2]3F A
| shrsie izl vl Aol7 gl A2 B Q7N
T Al (p<0.01) (Table 1) o) 5744 o] A AA =}
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olH, &43td Atole AARA NN Y435 %
o] oF L,000w( o) s Fete WA AAFS W

HyEo] glth & A7oAE lymphocyted] ¢J3t X
s A 1AIZh] 22 2u) o) Akel 2 A Hata)
FEPgoH, I oFEE dR2EH Aoyt (AT (<
0.01) (Table 1). AFEN W& F7HFFE AlALstE w7t
Ao & £ YA AEE A W e 522 A8 lym-
phocyte®] 7} 57F5 A 9ol YA ES) ¢t T2 FFS A
e B.1E (Tomlinson et al,, 1993; De Geyter et al, 1994;
Milingo et al., 1996)2] Z=Ae} AFRETh AAbk (5%) Abefel
A AR s BA fEEeR A (p<0.01) (Table 1)

oL

=
=

fo px
m‘b" e
_Ori; ole
rir

LHUM

TSR S 1

WepzAe] HE ol7t 92 & AL e & Az
AMEHY, B2 A ERY BiHo A3 YL g
he A A AZE o o3l Al E ]BI— 32 29 2 9L uy

L2 LAY AT AR
Abg Gkt gt wkgA J——wﬂ Wel e shAel 9%
o dajxE 2l EolM =9=ox7] AR (Jones et
al,, 1979; Alvarez et al, 1987; Aitken et al, 1989ab, 1991,
1993; De Lamirande and Gagnon, 1992ab). A=}2] 7] 30|
TASYHYER WA AALSHe] AL BEA urt g
S} opH A HEEA AaFH FAWS e BAE 717
3 eo)o). Aitken 5 (1995)0] <lahR, AR NS HA-
A7kl A glo] catalaseE A 2] 3bH, 9] w25 o] A3
S, SODE AgArle BAV fle A2 Hol HoE &
Aprgo] AT Z AA TR FA w352 H0,71 3
ANAXN BAETE Z2AE gtk £3F Griveau (1995h)=
AA 2 A A superoxide aniono] AR Al A] 4~58) 7} Z7}
5}, SODY) s M= A uHS-o] W) & WA catalase™
A 8tx] Pethal BIEH A, superoxide anion®] donorE M
potassium superoxideZ A&t R < o, AAAAVOoZE= A
Aukg-o] of7|H A P RAOZ Ho} superoxidel= A A ukS
of BexAZ FAT FEZAL oY BT
Boh & 2= HAy %-4 trigger2 %) LPC (lysophosphatidyl-
choline) = AAYEZ o]&8 AFME HFAWML =
Ao Al wAE = superoxide aniono] R 3}H, SODuk
catalase E 5o &3] EAHojAtty B3 (De Lamirande et
1, 1998)5) Atk E& Joo S (1998) nitric oxide (NO)E. A}
@ ’_‘4?‘}4 AAWEE FA/7%2 B1sgh
2 AFA Ag 40%4 RS AaFH £ASHY
=]

ﬂ

¢ rlo
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7t Sl RS2 Vet (Table 1, 2). 3HH, s 71 b
AHZ FAS AgoM = o) 5938 HA)

iz ol

§91 F0l AT H ANVEH W34 A%V
e A8 FaFd FF % s WY BE A
she H4ol A9 o) 7} 7Ur°ﬂ 392 VAL AR AR
=i
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