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Effects of Reactive Oxygen Species on DNA Stability
in Human Spermatozoa
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This study was designed to investigate the effects of reactive oxygen species (ROS) on DNA stability in human
spermatozoa. To verify human spermatozoa were incubated with xanthine-xanthine oxidase (X 100 u M-XO 50 mIU ~
400 mIU), H,O, (125 pM ~ 1 mM), sodium nitroprusside (SNP 0.1 pM ~ 100 pM) or lymphocyte. Otherwise,
spermatozoa were incubated under low O, (5%) condition. Damage of sperm DNA was analyzed by single cell
electrophoresis (Comet assay) and flow cytometry after acridine orange staining. In the presence of ROS, there wads

increase in DNA damage. The rate of DNA single strand breakage (9.0+£1.0% ~

46.014.6%) and DNA fragmentation

(7.5+1.0% ~ 29.5£4.6%) were similar regardless of the kinds of ROS and exposure time. DNA damage in the lower
O, condition (5%) was lower than ambient O, condition (20%). Taken together, it suggested that sperm DNA might be
damaged by ROS. In the presence of ROS, increase in DNA damage and chromatin instability was obvious in spite of
short exposure. Although present study reconfirmed that sperm incubation in the low concentration of ROS have the
benefit in the induction of capacitation and AR, the increase in DNA damage by ROS and possible genetic problem

should be considered before the human trials.
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S tjAE Ao2 AAHI Yt} o= DNAY ¥719} phos-
phodiester backboneE-©] oxidative stressoll =% 2}3}H, o]&
Fz9] 728} (peroxidation)t= DNAS] 7} (strand)2] nLzt
(cross-linking)9} #7 (break)2] €<lo] & <= 7] wFolct
olgfgt ¥igl = Adels UukAQ DNAY AA} (transcription),
B4 (replication) 5o 93-g v=]7] wjFolrh o]8F oxi-
dative DNAZ} o]® 7]@oj e 3le} @9 Qe Ao
Z HuH:m rlx 31, o]eg DNA 437t o, A2
221 FAERE BAe] T AF ' AR g
I JgBielRe o] glojrjE ROSYE 27]ulote] WhAdol
#2 7AE Aoz A wztA e DNA
7 Azl 2719 71 volr|d 53 22 2
#2208 4 Qdoin Basa ot ggrg A
oxidative StressZ 18] DNA7} 2818 ¥ Hxbs G EY
o] Azlsbael shte] 29log sl Axl H oz A
A5jojz)= ROSO| 9Jt 48} ROSY FF/, &%, At
Soll wel ojd EA7} opr|Hel X wrke st o8 &
B9 Adapgel] 8% 7Ex7t lvkar Al dch

A F7HA AAbe] @A e] el 2 DNAY 48l 958 &
ohg 4 gl WL Baein 1 Aze] AYEs} gol
oz Agolon, dFHog olfst=t AHJsA £
stk 2y A Bo] ARH] chromatin integrity2} T F
7Ve 2 glsted glo] FEEI gl WEE] sperm ch-
romatin structure assay (SCSA)9} Z+zte] A 3ojA] <] DNAS
single strain breakageE #R131=4| 9lo 2 AFAo] & A
o2 A single cell gel electrophoresis (comet assay) '
olt}. o] WHEL XF7iA e} gl thgde] AxpolA 2
ANE 2o N 29 o)§IHANE FAFD APV
SCSAE flow cytometryS ©]-8-8}od acid-induced denaturation
AlZ1 Azpe] dAA o] susceptibilityS &% B4R acridine
orange®] S olg3te] Blshe Yoz A5, Aw,
g, wE 5 5o g 7 9lo] 2 o] 87kt
& PYEeg HuEsm Jov AldeAE Ao
S5 1 9 ARorpAib),

obA 7R Bl Mgl glol BFEEE Hojd A
g o] &g 79 LA == DNAY 3l %9k ROSS
o] @A) disie AHE w7t ok ol tEZA<U ROS
Y229 H,0,, xanthine-xanthine oxidase, NO 431211 so-
dium nitroprusside, leukocyte$} -2 ROS ZRAUAEE A&
L w9} ROS LA AAA R FaslE e} AFEHARE
AALEE (5% 0y) FellA] o] G4 FaHEE SC-
SA L ol83le] dolFo 2 Al Axte] F4F UA
A AR EE FIskaA}; 517, g comet assay HE
435} DNAY] A EE Lol oz Ao nxAe
o] gA|9] Az} dEIAEHN EE3tarzt gk
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1. Alek 2 ey

—

Agol A18-9 vl FN-E Ham's F-109] 04% BSAE 3715}
o] A148}91th H,0,, xanthine-xanthine oxidase, sodium nitropru-
sside 52 comet assayoll AF2-E low melting agarose (LMA),
normal melting agarose (NML), DMSO, 22}3L flow cytometry®]]
A28 acridine orange (AO) 2 TNE #5884 A|%FE2 Sigma
(St Louis, USAY} A E& ~Fuliate] ARS-8H3ITE

2. HXRte| Xz

g4 Aaol 359 HS, FANE % DN ]
A= GgL golr ] YA v AAZF O E superoxide
anion<Z xanthine (X) -xanthine oxidase (XO) system= X (100
pM), XO (50 miU ~ 400 mIU) *2}5+3 32, hydroperoxide:

H,0, 3 125 uM ~ 1 mM7H#] A 8] 8F33 2.1, nitric oxide= NO

“dororq] sodium nitroprussideE 0.1 uM ~ 100 uM Aelshgct

w3 GAEY e itz &4EA leukocytospermia©l Tk
dakg dotr 7] Yall lymphocyteE HEEZ 1X10%ml ~ 4
x10°mi7kA) H2}ahdet. Gurael vk vl AaE el 20%
0, ¥EE AAW =9 FAME 5% 0, T2 @304
wjokst & ArE M55

AN vl7|7E YL FAZ AT BRI AN B
2 2o

NE 21 QAR F e A YERBst BET 5
S sto] Aol AHERS) Y F AAE 271 9130 30

(50-90-100%) 2.8 FA = percoll o2 23] YAE] s}
Aol AAE AESAT. 4R E 1000 pmof A
087k 13], 1200 rppmoll A 53¢ 1348 A|gaigich zhzhe
ATl 10x10°702] AAE £t Aol ARG
ARE ztzte] Aol EF8 F 5% CO, 37CH wig7I%
5% Oy, 5% CO,, 37°C chamberell 297 0, 302, 1A7} 3213k 6
ANzt F2F sk

8 82 of

"3. Alkaline single cell gel (Comet) assay

Hughes (1997)2) HFH 0.2 single cell gel electrophoresis (co-
met assay)Z A3 TE SE3ol L agaose NMAYE T
F0 1% (wiv)7h FA) 220X 5 F FE3] frosted =
o} slideol] 75 plE BT F cover slideE Y3 4TollA] 3~5
27 28 34 S8 =Y 5ol 2% agaroseE F
Faol 05%7F A 59 F E85 i3 5~10 wo] Ak
7 75 ul2) 05% LMAS 2 42 I cover slipg AAT 3
A 3 9ol AT F TN 4Tl 28 FTHA T UE
t}. olo] AHA F& == U FUSHA LMAE ol &
slo] AWA] =8 THE I lysing 29 (2.5 M NaCl, 100 mM
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Na,EDTA, 10 mM Tris pH 10)0l] 4TellA} &4 1417 59k &
7ME ¥ A7195E AASIATE Lysing 8948 AHg-87] A
Aol 1% Triton X-1002 250 ul F713131, DNAE ©-5FA)7
71 98} dithiothreitol (DTE HF5%=7} 10 mMo] H A #H
74 & A8 Slide€ 33 AZIGFE Aol 71A
A3 A F A719% 894 (300 mM NaOH, 1 mM EDTA,
pH >13)% §-& F DNA7V} E93d + U= 20~4087 A
A& 5 25 VoAl 1083 W79 8-S Adsdth A719%
£ vl T slided 7AW F8-8 Y (neutralizing solution)ol 41
584 33 Z3A|7 ¥ ethidium bromideZ E4%+ 3 Nikon
Eclipse E600 B F& oA 515~560 nm LE|E o]&3to
gEEA gz dA%GE 7IE2E 8 slide B
200702) AAE NS F Ade] DNA B9 Zeol9f 1.54)
o)4fo} Tl gt ALE EATLE TESIY WEES

Fatr.

o

4. Flow cytometric analysis

Evenson®} Jost2] W1 (1994)% &3l SCSAE A3t
Aok AAE zHzhe) AgFo) BFE F 5% CO, 37T
Bl oF7] 3= 5% O,, 5% CO,, 37°C chamberol 2o 0, 304, 1
AZY, 3412 6412 Bt vl sl th el dE 1% B 300
golA 103} e e T 45 AE Wl 10% glycerol©]
Eol9lE= TNE 9589 (0.15 M NaCl, 0.01 M Tris-HC], 1 mM
EDTA, pH 7.4) | ml& 718l Al £ F flow cytometry
(FCM) B4 A ge w71+ 80C A2 ¥50] 22| &
22 AR & 2@sgich A8 e HFEESt
2X10%mlo] =% A5k BE AdFES FCM 4
Nell ZHA) B4 42 YolA] i3k ¥ DNA in situ denatu-
rationS A8+ & acridine orange (AQ) FA XS 0.2 ml 7}
sto] AT F FCM B4& A8t DNA in situ dena-
turation< pH 1.42] detergent 89 (0.17% Triton X-100, 0.15 M
NaCl, 0.08 N HC)& 04 ml 718k 3022 A& 3 6 mg/
9] A7} TEH e A B8N (0.1 M citric acid, 02 M
Na;HPO,, 1 mM EDTA, 0.15 M NaCl, pH 6.0)& 1 ml d7}3}od
HA 387 GUA7 ¥ FCMOE AT Ztzte) A
FEL 6W Ar ion laser’} %5017 FACS Vantage (Becton
Dickinson, San Jose, USA)E ©]§-3}0] 488 nmollA] £413}31
t} A¥7ES FACSY| 443l DNAZ} double strand$l RE
& =333 (530430 nm)2.-E, single strand$} A2 A e
(630 nm)2.2 w3l e Ag BESITE AR F
S7HEE 2SS, ©1F acid A@]A] DNACY &5 913 pro-
tamine®] B8 % o] 1 B4 9] double strand”} single strandZ
#ojx A0l 23] AR Aoz 7HF-38t% 1 o] F DNA
AW 3} (fragmentation) 2.2 EA| I Th (Fig 1). o7& A&
= 3R] @& RFE scttergram $48}] 4HEH 12 histo-

gramoll A HFH o2 43 v Alg) wEHAR & AAF
% S7HE (M2)& FACS Vantage W] FH o 22330
2 AE3lch BE AYTe 2% 1000719 AAE 2418t
o % 100,000709] AAE BA51ch

5. SAH &4

AR $olde Chisquare testS ALE LM, foleE
2 5%z 3ol pgto] 005 BTk e B9 felsichn 3o
B3ick

Z nt3
1. ZXIH DNA single strand breakage =41

1) H:0, XME|F

H,0,5 125 uM ~ 1 mME 1A)7kell A 6A)12H747] A28l
DNA single strand breakage® €oH Axte ohed 2tk |
A7+ A 2]2o) Al DNA single strand breakage= H,0,014] 125
uM ~ 1 mM H&F (22.042.0, 23.7£1.5, 26315, 31.0t
3.6%)°] ZT (14.0£1.7%)°l Blsl] 28k &4 Vbt
(p<0.01). H2lFx3Itol= 1 mM A E]F°] DNA single strand
breakage”} 713 A VERTE 3417 Aol S 1 mM A
T (49.0£6.6%)° A1 1ko] #-2] %+ DNA single strand breakage
9] Z7pt UEREon (p<0.01), 1 mM ©]3} Xl A
ZT (24314.5%)3 ztol7t flE Aoz Yelytth 6217 A
2ol A 500 mM X2 (40.7+7.5%)7% 1 mM (45.0£5.0%)
Aol hRF (26.715.1%)00 Bl&] F-2131A ¥ DNA
single strand breakage”} Yoluvtil A-&& HAFR vt 4
Z+e) A Fol A 127l A 6A1TRE7ER o] g At e
DNA single strand breakage 3342 Aty o2 |zt
o we} F7rEE S Holn gler, 53] 500 mM |
mM A&l 4] = DNA single strand breakage”} F-21& 27}
£ HodF3 gt} (p<0.05). 2T E HE]A)Zro] 343
& 7373} HA DNA single strand breakage?} 57} (243£45
~26.7£5.1%) HoARE %FE BT vt (Table ).

2) Xanthine (X) —Xanthine oxidase (XO) Xzl

X (100 uM) -XO (50 mIU ~ 400 mIUYE 1217l A 64217k
2 A2 g Aabe o2 2ok 143 A X-X0 AT
(133115, 143421, 15.0£2.6, 15.3+0.6%)°1A12] DNA single
strand breakage2] W3YFL 2T (14.0£1.7%)7 g
ztol7t Yl Aog vEhgtt) 3A17F M3 6417 HElF
M E A Azt W& X-XO FXE3F] DNA single strand
breakage] ®3He tE2EH Abol7t gle AR UeksTh
Wz £38 28 ATolM A gho] solztel w
2} DNA single strand breakage®] 57}9/d0] UEltom, &
3] XOE 400 mlU A 2|g FollAl freldt 5717 2= vt
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Table 1. Effect of H202 on DNA damage of ejaculated human
sperm suspension incubated for 1, 3 and 6 hr by single cell gel
electrophoresis

Table 3. Effect of sodium nitroprusside on DNA damage of eja-
culated human sperm suspension incubated for 1, 3 and 6 hr by
single cell gel electrophoresis

Time (hr) Time (hr)
Treatment Treatment
. i 3 6 1 3 6

Control 14.0£1.7° 243145 26.7£5.1° Control 140+1.7*  2431+45  26.7+5.1°
H20; Conc. Sodium nitroprusside

125 M 22.0£2.0" 237121 243%4.0 0.1 pM 21.7%57 263%21 277106

250 uM 23.7£1.5™ 25.7£2.1 243432 1 M 17.7%3.8 233+42  21.3%6.1

500 uM 263+£1.5"°  29.0£1.0 40.7£7.5"° 10 uM 243%2.1°  250%1.0 21.0%1.0

I mM 31.0£3.6™°  49.016.6"° 450150 100 pM 26.0+£2.0™ 25.0%27 26.7%1.5

*Data are presented as means=SEM (n=4). "p<0.01, **p<0.001;
compared with untreated control suspension.

‘Different superscripts indicate a significant difference (p<0.01)
(Chi-square test) between data in the same raw.

Table 2. Effect of xanthine-xanthine oxidase on DNA damage of
ejaculated human sperm suspension incubated for 1, 3 and 6 hr
by single cell gel electrophoresis

"Data are presented as means:SEM (n=4). "p<0.01, "p<0.001;
compared with untreated control suspension.

Different superscripts indicate a significant difference (p<0.01)
(Chi-square test) between data in the same raw. .

Table 4. Effect of lymphocytes on DNA damage of ejaculated
human sperm suspension incubated for 1, 3 and 6 hr by single
cell gel electrophoresis

Time (hr) Time (hr)
Treatment Treatment
1 3 6 1 3 6
Control 14.0+£1.7° 243%45  26.7+5.1° Control 14.0£1.7° 24.3+4.5 26.7£5.1°
X (uM) / XO (mIU) Lymphocyte
100 50 13.3%15  21.0%£1.0  20.0%2.0 1X10%ml 9.0%1.0° 27.7%£0.6 27.310.6°
100 100 143121  250x1.0 227%2.1 2X10%ml 11.3£0.6° 27.0£1.0 28.7£1.2°
100 200 15.0£2.6  223%25 267135 3x10%ml 12.7+2.1¢ 303%1.5 37343.1¢
100 400 15306  28.7x1.5  30.0%1.7 4x10%ml 12.0£1.0° 33.3£15 46.0£4.6™¢

7LData are presented as means+ SEM (n=4).
iDifferent superscripts indicate a significant difference (p<0.01)
(Chi-square test) between data in the same raw.

(Table 2, p<0.05).

3) Sodium nitroprusside (NO donor) X{&|Z

NOE 0.1 uM ~ 100 pM7HR] H2jsk Aape o33 2k
1A17F A2 A NO M elFE (21.7£5.7, 17.713.8, 24.3£2.1,
26.0%2.0%)°ll hZ DNA single strand breakage”} 2= (14.0
+1.7%)) wiste] thd Frlehe S BoFa ot F
ARoz 403 == gl Ao veElgrh 37k K
T (26.3+2.1, 23.314.2, 250110, 25.012.7%)% 6417 A&
(27.710.6, 21.3£60.1, 21.0£1.0, 26.7£1.5%)°1*= NO H&s
Eof w2 Hsl7t dET (243145, 26.7£5.1%)3 2ol 7tk ¢l
= Aoz YETh NO AHeAddelA] FHEd F& 27
1713} A g]o) 4= DNA single strand breakage”} 5-7Heh %
4 Bodonk Aol 3A1RY 6AIL & Fojube Al
w2 FRF S74AdE VERR] oFE Zlolth (Table 3).

"Data are presented as meansSEM (n=4). *p<0.01, "p<0 001;
compared with untreated control suspension.

!Different superscripts indicate a significant difference (p<0.01)
(Chi-square test) between data in the same raw.

4) Lymphocyte X{2|<

LymphocyteZ 1>XX10%ml ~ 4x105ml7bx] 2 2]k 7ol 2] <]
A FE D At w2 A o 2ok 1Az A
2] A} lymphocyte #2850l 1}& DNA single strand breakage
9] Wstokde dlza Abolrt gle 3 oE Vet 34]
7 Aol A 3~4x10%mlE A2ld T (303115, 333415,
37.3£3.1, 46.0£4.6%)NA] 2T (24.314.5, 26.715.1%)9] H]
&) Wstokato] Frlshe Aoz Boly FAHR fo3t
2pol= opd Aoz Uelton 6412F Al 4x107
mE A2 T (46.0+4.6%)°14 BAZZ £-2/3A DNA
single strand breakage”} & (26.715.1%)° vial] =A &
ue]= 7 o2 Uehdth (p<0.01). IETS A9 F 2E A
ol 4] 3417 A 2] o] F£H5-E] DNA single strand breakage”}
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frolsiAl S7tshe A2 YRR (Table 4, p<0.01).
5) Low (5%) Oz XMz2|Z
Low (5%) 0,5 AIZHE 2 A st tla (20%)3 vlagt

Table 5. Effect of low (5%) or ambient (20%) oxygen tension on
DNA damage of ejaculated human sperm suspension incubated
for 1, 3 and 6 hr by single cell gel electrophoresis

Time (hr)
Treatment
1 3 6
5% oxygen 14.0£1.7%* 243145 26.7x5.1™*
20% oxygen 8.0£1.0 12.0£2.7 11.7+4.7

*Data are presented as meansTSEM (n=4). *p<0.01, “p<0.001;
compared with untreated control suspension.

Different superscripts indicate a significant difference (p<0.01)
(Chi-square test) between data in the same raw.

Ae ohg3 2ok 5% 0, AT (8.0£10, 12027, 11.7%
47%)8 INZEY 6A1ZHX 9 BE Azl tiza
(140117, 243145, 26.715.1%)°ll v]3} F& DNA single st-
rand breakage %/3& BoiFl ok 3], glE2dS AA
7to] Holdol] ul2 DNA single strand breakage”} ol
FAHS BolFu) whate, 5% 0, HElwolA] A AR Ayt
of A zo)7}t ¢SS RojFm Utk 3AIRE (12.0+2.7%) 7
6A17F AT (11.71£4.7%)00 = 5% A wto] tl&d 243+
45, 26715.1%)°l H|3te] FAH o folatA W ANE
BolFa1 Qo) (Table 3~5, p<0.01).

2 MR M7 1= (sperm chromatin structure) =4

1) HoOp 2|2
H,0,Z 125 uM ~ 1 mMZ 3080l A 6A1ZH7HA] 2] 25t

A B
A) 0517.001 ®) 0517.001
1000 o3 104 ¥
800 — 109 3
600 3
3 3 E 1024
@ 400 4 RN,
] 1 4
200 10
0 S 100 I rrreerrrrrrrere e
0 200 400 600 8001000 100 10' 102 103 104
FSC FL1
©
0517.001
150
] M2
120 -
B2}
g
>S5
(o]
Q

100 101

102 103 104
FL2

Fig. 1. Flow cytomeric histogram of frozen-thawed ejaculated human sperm. (A) A total of 100,000 events were measured and
accurnulated in the histogram, each dot representing one sperm cell and (B) green and red fluorescence distributions, from one
frozen-thawed human sperm cell measured by the flow cytometric (FCM) sperm chromatin structure assay (SCSA). (C) The fraction of
cells with red fluorescence is indicated M2 in the histogram.
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Fig. 2. Flow cytomeric histogram of ejaculated human sperm
suspension incubated for 0.5, 1, 3, and 6 hr in the presence of
H20:. (A) 0.5 hr of incubation; (B) 1 hr of incubation; (C) 3 hr of
incubation; (D) 6 hr of incubation; (E) comparison of the per-
centage of sperm with DNA fragmentation obtained after sperm
chromatin structure assay (SCSA) analysis. Data are presented as
means X SEM (n=3). (*) p<0.01; compared with untreated con-
trol.

O control
3 X (100 uM) - XO (50 miu) B X (100 pM) - XO (100 miU)
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w
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Fig. 3. Flow cytomeric histogram of ejaculated human sperm
suspension incubated for 0.5, 1, 3, and 6 hr in the presence of
xanthine-xanthine oxidase. (A) 0.5 hr of incubation; (B) 1 hr of
incubation; (C) 3 hr of incubation; (D) 6 hr of incubation; (E)
comparison of the percentage of sperm with DNA fragmentation
obtained after sperm chromatin structure assay (SCSA) analysis.
Data are presented as means = SEM (n=3). (*) p<0.01; com-
pared with untreated control.

DNA fragmentations ol Ayl thg-a} Zt 308 A&
o) 4] DNA fragmentationS H,0,914] 125 uM ~ 1 mM #] &
T (244435, 15.943.2, 18.0%4.5, 16.713.6%7HX] 2= AT
oA} dlZ (6.613.7%)0l ¥&] 8k A YERTE
127F 2] Tl A DNA fragmentation H,0,5 #2]3 &
o)A 2 E (5.244.7%)0 vlsh §-231A =4 ettt

O control 301 M B 1pM 10 H 100 pM

w
(3]

w
o
*

NN
o !

RN
o o,

—

Increased DNA Fragmentation (%)

Time (hr)

Fig. 4. Flow cytomeric histogram of ejaculated human sperm
suspension incubated for 0.5, 1, 3, and 6 hr in the presence of
sodium nitroprusside. (A) 0.5 hr of incubation; (B) 1 hr of incu-
bation; (C) 3 hr of incubation; (D) 6 hr of incubation; (E) com-
parison of the percentage of sperm with DNA fragmentation obta-
ined after sperm chromatin structure assay (SCSA) analysis. Data
are presented as means £ SEM (n=3). (*) p<0.01; compared
with untreated control.

©<0.01). AsEI e Aol Qe AoZ vEpstth 34
7+ A (254435, 24.513.6, 24.214.7, 24.013.6%) A=
U= (11.214.8%)0 Hl3] FoJstA A vebdth (p<0.01).
6AIZE Al GA] 3AIZE M Al fAM FEE BoFa
Qck ZHzke) Aa)Toll A 30800 6AZRE7HRI At
o] W& DNA H¥3} WadL 302 AToAA As®
A= E (125, 250 uM)ol A} DNA BH3te] F717) Feald
# Yoz A Folre HeAlRte] Eoldel] & DNA #
Az}l Z7ke 2pol7) Qe Ao 2 et o) dizFe] v
A FoJshA & Ro2 Vgt (Fig 2, p<0.01).

2) Xanthine (X) ~Xanthine oxidase (XO) *z|&

X (100 pM) -XO (50 mIU ~ 400 mIU)E 30%0l4] 6A17H7}
2 AP Ao o2y 2ok 308 HYA X-X0 AT
ZFoM ¥ FEE AT FoME dix2F Zol7t A
o1}, 1¥E AT (XO; 200~400 mIU)ol+12) DNA ZH3}
o] WAL YRT (10.012.7%)0) ¥18) 5 A
ERTh (p<0.01). 121343 3213 A FoME *2 FE A
Zo)AE zpol7t oy, FESE AT FollAdE DNA
AW ste] Wslopygo] thzol vle] thi & Aoz Yet

ou BAFHCE FoatRE gtk 623 AETo)AE
AP ZE oA 2Tl vlsiA A4 Jebdch AHelA
7ho & X-XO FE71e] DNA R3] Mil= e 55
ZAME o7} gio, FRE AT Tl A
A7l w2} DNA fragmentation©] 713k A 22 ettt
(Fig. 3).

3) Sodium nitroprusside (NO donor) 2|z

NOZ 0.1 uM ~ 100 uM7H=} A2 g Aa= ohg) 2ok
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Fig. 5. Flow cytomeric histogram of ejaculated human sperm
suspension incubated for 0.5, 1, 3, and 6 hr in the presence of
lymphocytes. (A) 0.5 hr of incubation; (B) 1 hr of incubation; (C)
3 hr of incubation; (D) 6 hr of incubation; (E) comparison of the
percentage of sperm with DNA fragmentation obtained after sperm
chromatin structure assay (SCSA) analysis. Data are presented as
means £ SEM (n=3). (*) p<0.01; compared with untreated con-
trol.

300478 6413 A E7HA] Aelszol W DNA B9
3 B3 AE AEET (0.1 uM)Z AT ZE FAAM o
Zaol H3) FAHLE {og AolE RAFa 9lon, A
ZAIZto T g WL 30% A FHAAET} 43
Hoxle F& BAFT Yth (Fig 4, p<0.01).

4) Lymphocyte 2|z

LymphocyteZ 1X10%ml ~ 4X<10%ml7}A] ) g Foj A9
A FE D AHAR] e dAae g g} 3080
A H-E 6213 AZE7AA] AHelgkol] & DNA FH3 3
FFFE BE FoA tizaol vE) FAFoR fot A
ol HAFI Jlom, Hejr|3te] g WPt 308 A
Zrlo] FAA L7t FAH A E F3E RYFa gt F,
NO M&g&3} fAle FEE BdFa gloy Al Fete
ztol7}h gtk o] b& Aoz YT (Fig. 5, p<0.01).

5) Low (5%) O, 22

5% 0,8 AlZPEE AEste iz (20% 07 DNA A
st WstddS v dds g8 2 5% 0, AT
7} 2T Abolo]l xgjAjzlo] W& DNA ZH3} Wadde
atol7t gl Ro.z Jepgtl oigh g2 FelA 3A3HE
DNA fragmentation®] :7}8H= 3FS Holxl Qlon} 5% O,
Aol s 27] 308 2|22 DNA H3} Ygo)A i
37t Qe Aoz vl (Fig 6).
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Fig. 6. Flow cytomeric histogram of ejaculated human sperm
suspension incubated under low (5%) or ambient (20%) oxygen
tension after incubation for 0.5, 1, 3, and 6 hr. (A) 0.5 hr of in-
cubation; (B) 1 hr of incubation; (C) 3 hr of incubation; (D) 6 hr
of incubation; (E) comparison of the percentage of sperm with
DNA fragmentation obtained after sperm chromatin structure assay
(SCSA) analysis. Data are presented as means + SEM (n=3). (*)
p<0.01; compared with untreated control.

packagingS A A}8 A (spermiogenesis) Z7)F-E 3= o]
< o¢ Hmsly, B gAS AXHEA FE 8 9id
¢! histone©) protamine Q& T X] S|} x| 1} o] ', Sak-
kas® Foll ol5td, Axte] FAALE Uuk X 1200 B=
7R S A7) AL histone®] protamine 2.2 HX]HHA
protamine?] cysteine ¥-A12+<] disulfide g0l 2]3) o]Fo1x]
o, o] A oA DNAQ ligation} cutting 23S B335
AAA Aotk A3 A A A} ANA dojvh= DNA sin-
gle strand breakageZ: in sifu nick translation?, TUNEL assay, sin-
gle cell electrophoresis (Comet assay) 52| Yoz e 4
Atk

ZF7HA] Baef o]ahd Al ARl A, comet assayE F-3F
DNA single strand breakage =9} SCSAE E3§ G439
EQMA (instability) Ztoll= 4 #-o] Qe oz U
HAed 899 AFAME YX3h= A7E AUk F S
A A2=Fol 2J8) oF7] == DNA single strand breakage £ (9.0
£1.0 ~ 46.014.6%)7} DNA A& (7.5£1.0 ~ 29.5£4.6%)
o QlojA] AdaFel F5H L A tid AAEo] A
Z2e P 2AF3 ATt oled AAEL DNAY 4
£ 2 A9 4820 EAANE oIEH Ha, olH @
AL L 4 F RG] 44 AgE olshs 94
o2 g3 Ao AlsHLh

BN B2 EA oA B2 d Jeee @A
9] dalsdol Qo] o 808 AAX gon FH
At FHAch 28u F7H 9] Aate] 3 J5=E vt
3= 7P € A AR FEdh S, FEvE ARA
olx] &g A4t AAHAAANA Foll § IF5AUA Yo F
A7} ARE B4E FDEQ I, FARA N EAE oP)AF)
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T Aoz ¥aEo] o} mgl $Fo] A Yo}
#g A2 DNA e % zé%]% G550 EAE
of7|AIA FAol Muete Aog HuEw P,

AT " A=ke] DNAC 3 S mitochondria F2] 713 0]
EAgchE 22 9z e xA# 9l DNA As)
AEE % 10% AEE Buss Jopt?d md 2 Al
A% 272 DNA single strand breakageQ]- DNA AH3l&
2 52 2 Yt AALAE 10~15% FEYS A ¢
91 Atk B]AAR) A eRIES 7R 5L 951" G S0l AlAM
Aol e ol e 71HES HEAAS (ART, as-
sisted reproductive technology) F-oFollA] 43 & AL
Wkslal gl ICSIEh: Wo s dAlS Al=sa glok

o]Zgh ICSI P& o] &3 FRHL sHH A&7
oJ#] A=A 1 7)E SHARE
3 A2oE Ao Fosta ok
, g7 9 ICSioll &g B2 Bato] oahd, uA
QI DNAE 71 BA7F AS7HA Al s oA & Bz
8 apgol ] 23] AAHAAL Q7] wioll AFRpe] -5
FolgheA] A FgAdo] YA om W orta o
& QAP Algke] A9 A Ge] 4-H 27|17 E WA
A4 "l -2 DNAC 9] dAo] R so|x]& A
o7 4
2AgA) 710l olzejAlof A4S 71A Aoz Budsta glo
o, 7 Ggko] vl = W] dis A3 5 ki AR
"o

o}27}2] Z=ke] DNA ¥ 3}e]
o} B4 ol9® BEBT dHlolX
A A Eol 4 2] DNA A3l= B
X)X superoxide anion, hydroperoxide, nitroxide®} Z& vhokgh
WA A EE of% %"E—’*]ﬂoﬂ w2 DNA s &
JEHATH (Fig 1, -2, 3). ¥4 AAaZFo] &5 olxl Z7]of
A1 5-E] DNA ‘37t *]ZQEIOV]J— 3 59 F7F FA7) Snt
g o= vepd A= DNA FAEZ] ¥4 ATl
sl geht HGbe BAFa oka Abadnh g A
AL (spermiogenesis)ol] A7} Ak, AAHAPS
oA GAaEUd gl oR R FAtol lolM HAE =
ol o BHoh AAlska AEe #ert BasE AAE Fa
itk Alm gt

ol AnE Ho}, WA 4 A 2ol A o] A2t
& 4 9t} Eg DNAC &
BT Zof ogiti= RS B
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