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= Abstract =

This study was performed to determine the effects of nitric oxide on human sperm cell
function. Semen samples were obtained from normal healthy volunteers. Motile spermatozoas
collected by swim-up method were incubated up to 24 hours in Ham's F-10 medium
supplemented with a various concentration of sodium nitroprusside (nitric oxide relcasing agent).
Sperm motility, hyperactivation, acrosome reaction rate, and acrosin activity were determined.

The results are as follows;

1. ImM of SNP resulted in a significant decrease in sperm motility (44.8% +8.9%:78.1% =+ 6.3%,
and hyperactivation (10.4% +6.4%:47.7% +9.5%) after incubation for 3 hours compared with
the control group (Ham's F-10 alone), but had no effect on acrosome reaction.

2. At 100pM SNP, sperm motility was reduced after incubation for 6 hours (54.8% +3.2%)
compared with that of the control group (82.7%8.9%), but hyperactivation and acrosome
reaction were not affected.

3. However, a lower concentration (less than 10uM) of SNP had no effcct on sperm motility
and hyperactivation for 8 hours of incubation but significantly decreased them when incubation
periods were increased up to 24 hours compared with the control group. On the other hand, 1uM
and 10uM SNP significantly increased the acrosome reaction rate in both acrosomal status (17.3%
+5.2%, 23.5%+4.7%, respectively) and acrosin activity (34.3piU = 10.5u1U, 45.6uIU+5.6ul0,
respectively) as compared with the control group (7.0% +4.0%, 9.501U =+ 3.4ulU),

These results indicate that SNP, NO releasing agent, has a dose-dependent effects on the
sperm cell function. Therefore it may positively affect the fertilization by promoting acrosomal
reaction at a lower concentration (less than 10uM).

Key Words: Nitric oxide (NO), Sodium nitroprusside (SNP), Sperm motility, Hyperactivation,
Acrosomal status, Acrosin activity
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HFFE glojx FAe) %543 acrosome
reaction2 FA & 98] wt=A o Aoz o
24 Utk AtEe] S A9 A&z o
£ AL GRS FHE o] R0 e 84
£2% JA& GLstA FIsE A hyperactiva-
tion¥} capacitationo] 2h= 424 9] A& AH
opgt o) A LFAHE I53IA fck g
ko) BAE capacitation & AXHA T H
85 A superoxide anion (O:”), hydrogen perox-
ides} 22 reactive oxygen species (°]3} ROS)E
AR A ez YA &} (Aitken ef al., 1987; de Lami-
rande et al., 1995; Mckinney et al., 1996).

ROSE E4A S HARE FHste €431d
gtz el dFoldt. FAe) we Be o
EX3} AAHE T8 3lo] ROSY 2L free
radicalel] 28} lipid peroxidation (X} & <lAt3h)g
o272 A73lA w2t (Jones et al., 1979; Ai-
tken et al, 1992). A A 2 ROS7} x| wal 3
A2} &2 ©] v} acrosome reaction Fof] % g-& o
A HAe FHNeE FAsE Aoew g4
21t} (de Lamirande & Gangon 1993; Griveau et al.,
1994, 1995; Bize er al., 1991).

Nitric oxide (NO)¥= nitric oxide synthase (NOS)<l)

2]&] L-arginine 2 2 E-E L-citrulline 0. & 3 & &
F< in vivool A FAHAAE E shte] free
radical 24 ROS} v} Z7}A] & Y #pe] $=74 7] %ol
3L vjA = Yt} (Stamler ef al, 1992). NOS
=94 2 JAe] A7 HE T8 e 4
T A @A) AT (Wong & Garber, 1992; Sla-
dek et al, 1993). =& F4 4 444 ANE
NOE Y & Jve 98 259 AXE, &
mononucleate phagocytes, endothelial cells, smooth
muscle cells, fibroblast §o¢] &8t} (Nathan,
1992; Moncada et al., 1991). &l 71} A7) 42
T £40] AL 9 seminal plasmadl]) = macr-
ophage$} leukocytes7} £7184 1 @308
2l&} NOA /g o} F7habet.

| NO7Y Ao 4 7150 njX e o gof
A A7t &as] o] Fo{x 1 it} (Tomlinson
et al., 1992; Zini et al., 1995). 12} NO7} A =}
7159 vl & EFAE free radical®] B4} 52
d we} 22 Felst Ut (Komada et al., 1996;

W

_44 -

Weinberg et al., 1995). NO& w1717} o} $- &3
A Bal=7] o AAe 9% dAH T So-
dium nitroprusside (SNP)Z 2 dof] o] &3}
Sodium nitroprusside (SNP)x= NOZ 433} ol
< NO fr=E4 9} dhfojt} (loannidis & de
Groot, 1993). Z3i22 £ A7 & SNPY] Fxo
up& 7t AxFe] %4, hyperactivation, acro-
some reaction rateS B30 2 NO7} 3 A4 X
9] 7159 vl = 4 & A A} gt

R
1. MX} X2|

R A zE BARAL A} 4 (20X 10° spe-
rmatozoa/ml, »>40% motility, >50% normal form).2.
2 B3 E 2039 AIAZRH 2~3Y3e &
712 F Ak 27 &) AFHE YL
oA 308 B WA Fo A AN o
& AR AEM ) (Medical Supply, SI-100)E ©)
&3t A9 55, 54, gUHE F AT
AL 10% AHEA o] F7t¢ Ham's F-10 cul-
ture medium (Gibeo)ol| A} €4 ¥-2) 8l 23] A3
9ot 284 A 37T, 5% CO:2 ¥ F71oA
1A ZE B9 g o2 Swim-up gl o3
3 atach d48 Ae AF F=7F 20-30%
10%/mi=) £ 2 v}ro] A g o) o) §3tch

2. Sodium nitroprusside (SNP)2} X 2]

SNP (Sigma)y @3 o] H719A @& Ham's F- -
10 Hjokadlo] =< 10mM stock solution &2 4|
& & sou F-F3le] 2000 BFSACE AHE
AR 4 MiFd 22 F43oq AR en,
SNP 10nM~1mM7h4) T8 328 3 239
o} E2F& SNPE A ehA] & wlokddlA
WG] AAAEE Qe 3

3. X} 25 A3} hyperactivation ZH

1

SNP7} 3 2} 254 3} hyperactivationol] T} 3] &=
ENE obFal vl Aol met 238 &,
0.18mi8} &5 HA FHHo] 100nM~10mM
2] SNP 200 & Htet & 377, 5% CO: v %)
ol A 1AIZFRE 24X A WA FH T FaR
Azt B2 Bfrd e TuE AAAM AFEA
EX7E o] &3t A9l &F/d 2 hyperactiva-
tiong 43t}



4. Acrosome reaction2| &7}

Acrosome reaction ratet= acrosomal status®} acro-
sin activityE ZAIE 22X =F 3t 1pM~
1ImM 59| SNPE F A F-FH o Hrbaba 124]
3 FLwFA E¥—°— LA E2] (400g, 108)3H31

o A E A E o] d)al A= acrosomal status
E, AZdo I:Ha}]/ﬁt acrosin activityE &% &}

et

1) Acrosomal Statuse| X

Acrosomal status®] 274 & FITC-labeled Conca-
navalin A lectin (Sigma) ©]-&3to] o}-&3 &
W o2 =313l t} (Holden et al., 1990). & 2}
ME AAEL 33A717] 93] 1.5mle) 4% for-
maldehyde in 150mM PBS (pH 7.4)0l| 4] 1~2A] 3t
FQF Aol £t

AE 185 A E (3350g, 28)3t] 2%
DAANE GATD YA AESHE WAl &
o Yo FARARL AAYAR e
slide glass9)ol =238le] A AzA71t} 0.2M
glycine© 2 33] 4}3 gt ¥ 10mM PBS (pH 7.4)=
23] ©] MH sk PBSo] %<l 100ug FITC-Con
AmlE Al =8d FAE labellingA) 71
PBSZ t}hA] 33] A % A& gt 3 mountdhed 400
& A-F o) A sl A AR}, Acrosomal region#
Aol 44 42 Jehle HAE acrosome-rea-
ctedi B 3t on (Fig 4.), slided 2007) A=}
Z countd}<] acrosome reaction rateS 274 3} F o}

A2 dal slides 2734 EH A

2) Acrosin activitye| 3

Acrosin activity?] =732 Kenmnedy 5 (kennedy
et al., 1989) Wi o wre} a3yt ooule) &3
ol 3} 1mle} reaction mixture (Img/ml of N-benzoyl-
DL-arginine-p-nitranilide {BAP-NA] HCI in 0.055M
NaCl, 10%[v/v] dimety! sulfoxide, 0.1%[v/v] Triton
X-100)8 &3 o3 2ol 3/ B e
Al 9’11:} 1001,119] 0.5M benzamidine-S 71302
A -gE FAAF] AL 405nm HFNN FFEE
23 0}01 acrosin activityZ %} #F3+c}. Acrosin acti-
vity:= uIU/10° spermatozoa 2 VERJ T}

5. &A1 Azl

AQAe) $A%E 94 & Chi square test
Y e AR AR O, foI5FE 5% Se] pit
o] 0058} e EEEE PR

0= 00
= T
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Fig. 1. Effect of SNP on sperm motility at 1, 2, 3,
4 6, 8 and 24 hours. Control (-@® -), 10oM

~O-), 100nM (- VE? 1uM (- v ),
10uM( D ), 100uM ( ), ImM (- -).
Data represent mean=+S.D., n=20, *p<0.05.

a it
1. SNP2o| XXle| 2= M1} hyperactivationo]]
o}

A A+e) &5 A3 hyperactivations T3 T
©] SNPE 22| g & u] A bel] @} Z2ASER
t}. imM SNP 5% (44.8%+8.9%)) A& 3413t
H|oF T, 100uM SNP ¥ = (54.8%+3.2%)N A&
6A17F M F Foll Ao 5 dET (@
78.1%+6.3%, 82.7%+8.9%)°l ¥lal F2&A 7
28k (p<0.05). Wk A A = ImM T EE

A 98t SNP o) 2 549 Apol7t A
o) glglen, AFE (100aM °|shdF5F 223
T FAP e Wl 2483t 3 R
SEAL 100M 5% (74.8%+9.1%)Z A&l stae
BE 2%oM R (81.1%+748)8 T} folsl
A @tth (100nM, 1uM, 10uM, 100uM; 56.3%+
12.5%, 33.0%+6.6%, 38.2% =+ 6.4%, 32.1% +3.5%,
AW =) (Fig. 1).

A 2+9] hyperactivation= H} ¥ 3A]7F ¥ 1ImM
SNP 5% (104%+64%) X hET 47.7%=+
10.0%)0 Bl SelA e HA3H T (p<0.05).
Wl ok 24A)17F & hyperactivationS A A}9} 5%
n}37kA 2 100M SNP 3% (18.1%+11.3%)F Al
93l E hZF 21.7%+11.2%)0) ¥)&) §-2) 54
A8tk (100nM, 1uM, 10uM, 100pM; 8.1%+
12.5%, 5.3%+2.1%, 3.8%+6.4%, 3.3%+6.5%, A
&) (Fig. 2). A9 &FA 2} hyperactivation-
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Fig. 2. Effect of SNP on sperm hyperactivation
at 1, 2, 3, 4, 6, 8 and 24 hours. Control (—@ ~),
10sM (- (O -), 1000M (=¥ -), 1M (~V -),
10uM (-E]-), 100uM (-[]-), ImM (=& -).
Data represent mean=+S.D., n=20, *p<0.05.

SNP9] FXE7} €45 (100uM ©]4}), SNP 3

2] & ujkAzte] A4 E A v, AF:
SNP (10uM o8Pl M & 8 48 ¥ gttt

2. SNP7} Acrosome reaction rateol ojxjs

A

1pM~1mMe] SNPE A} #/-9 o] Az sd
12712k B2t M FA ohg AR A Z4) e
acrosomal statusE 2% 3} t}. Acrosomal reacted
o] WX 100uM SNPEE (8.9%+7.9%)%
A9 g T Al Fx (M, 10uM, ImM; EM T2
"17.3%+52%, "*23.5%+4.7%, *763.5%+10.2%)
oA thET (7.0%+£4.0%)E 1} 2l 8kA ¥kt
(*p<0.05, **p<0.005). 3 Zg ol &) FALE acro-
sin activityx= 1uM (34.3uIU +10.5uIU)3  10pM
(@45.64U£5.6ulU)y SNP FXoj A gt 23 (9.5ulU
+3.4u10)9) W8 WA B vhehRth (p<0.005,
Fig. 3). 281} 100pM (10.3pIU+4.0ulU)% 1mM
(6.6pIU L 250IU) M = 273 & &) 7} gl
o, 1mM 39| 79 acrosomal status$} acro-
sin activity{} acrosome reaction rate7} 4 X|s}=] &
Ste}. Figure 4% thekgl E59] SNP # 8] A] acro-
some reacted spermatozoa®} intact spermatozoa)
FBE G ADE B gl
=

il

A-fehe] 2 (free radical) S B9hd & AR

tlo
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Fig. 3. Effect of various conceniration of SNP on
acrosome rteaction. ': Acrosin activity was expressed
as plU of acrosin/10° spermatozoa. Data represent
mean+S.D., n=20. *: p<0.05, **: p<0.005.

w3 g48E FH9 EAR, Aol A
22 H7] 8 FHe kA BxE 4
Zsta] FAY EaE BUHIA w=e ¢
Aol Agsg FRPgo2R XY 7%
o 32 n] 1}, Superoxide anion, hydrogen perox-
ides} 22 ROS$} nitric oxidew TH4EH A 2} 7]
%2 Ad X AQ free radicalo} v}, Ao} vhe
22 go] BXIAAE F53tn glo] olejF
free radical®} 4 Al ¥Fg-& 4= gt

SNPL SIN-1, SNAP 39 & NO TFE9l
NO¥: <}1] 2} superoxide anione] v} hydrogen perox-
ide® FAlol sl W] NOTHE 343
NO A Bt} wizl7]7t 70 b3 @ Edolv). &g
superoxide anion®] NO$} ¥h-$-3l<] peroxynitrite
(ONOO™)Y& # A3t} NO9 M EEZE F7H
Z] ¥ ol &} hydrogen peroxide ¢ A] NOg}t W&
gto] NO9} 4 o4 588 ZJA e A2
A 9o (Ischiropoulos et al., 1992; Farias-
Eisner et al., 1996) NO%2] 7152 A3t 9
&4 SNPE NO&| FFHALE o83t 3 A
3} o] B, SNP2] E 3+ NOo| 2] & &d)of A}%
e Ao Addch

B a9 in vito AP A SNPE £ B
(100uM, mM)el| A}  =+e} 58 hyperactivation
g ZaANHEY o] Weinberg ¥ (Weinberg er

ia

ol 1S of

=
al, 1995)9] B9 v)$ dxstz ot 4
Tomlinson % (Tomlinson er al., 1992)& 1~100uM
o] SNP Foll X% FApe] &5/de] gAlEhn
Hug v, Zini 5 (Zini er al, 1995)2 ¥]E

[



Fig. 3. Fluorescence Micrograph of human sper-
matozoa labelled FITC-Con A lectins. Acrosomal rea-
cted spermatozoa (arrowheads) show intense fluore-
scence over acrosomal region, whereas intact acrosome
(arrow) show no intense labelling { X 400).

A: control (Not treated SNP), B: Treatment of SNP
1M, 10uM, 100pM, 1mM, respectively.
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SNP¢} tHE diethylamine-NONOQate 9} spermine-NO-
NOateE& NO IHYL2 o]&3yt &A=
03~1mM8 FEdXE FRe 540 T2
HA o 0.1mM olste] A FxdM e F A9 &
4 7} hyperactivation®] %3S ¥x] Feviy B
28 AT B AFNAZ 10uM 0] 58} AF L
e ZAL EFAl dET H|3 v FF 84
IAA e & 9EE A F3oh 28 Asx
M= wjFA|Tte] AojF o we) 100Me] F%
E Adstae A9 $FA7 hyperactivation©)
ez HE froH ez 2astg .

3 NOZH ATP A4 € ZaA7lE 2oz %
& # v} (Nathan, 1992; Dimmerler et al., 1992; Mon-
cada & Higgs, 1991). SNP7} 5o wta} Z =z}
$% A7) hyperactivationsl] F8-g oAl AL
SNPERE] A H NO7} Al = 3537 o T
e 549 F8E g4 e BRI =M
ATP A& 7717 dioln, Axxe] B3¢
oyt ghe GAR YL vAA £T ¥
2 2% No7l A7) B Rew 227
o 2o AF A E SNPY He) Alzko] 2
oA W, &% NOo 93] f=xE nAg A
T &40l 3= FAY 547 hypera-
ctivationo] Z+4E 4 )L Aot}

Acrosome reaction& 3 x}2] A Z9}3} outer acro-
somal membraneAto) o] oyt dFe] & §F
M e g 1 A acrosin B ©-& acrosome 1]
EEE0] oz FHHo] Y2} P9 v
acrosome reaction®| v} 3 3 & 8 F§e H
2 ¢ o F-FA (membrane fluidity)S A A7)
71 918 g2 o2 ExsAats daska 3l
o} 1 BE NO, ROS 9} free radicals& A A}
o} AZurE HA AAdsete &Aoo zA
HAT 84 A3l X & 298 B o}
U 2} acrosome reaction®} 22 2 &7 & W)
g = 3-8 Aot} (Alvarez ef al., 1987; Halliwell &
Gutteridge, 1989).

ol gt &g dxHog HZE free
radicalsel] 2] %} hyperactivation 2 acrosome reac-
tion®] £33 2L 0|2 BHAI} FEHHT (de
Lamirande & Gangon 1993; Griveau et al., 1994,
Bize et al, 1991). ©]-%-7] Komada % (Komada et
al., 1996)& A 2te) LEA o FeE v A &&
AEd o Ads) Aise AA T A

e FAA70RA $35e FAAUG

.48 -

Bnstgch T8 Zini 5 (Zini ef al, 1995)% A%
$9] NO¥ in vitool| A} A} 2 AH2] capacitation-S-
XG0 FAET B AFA = 1uMT
10uM SNP % 50l acrosome reaction rate7} acro-
somal status$} acrosin activity 2% EFolA =
o ¥ fosA e FAY FEdde
AEge nA F%t. THBEZ 1pMI 10uM
SNP Ev AR FEXHE FaAFNA ol
4] acrosome reaction rate® Z7}A|FI1ER A X}4
T3 71%% FAA7ed 71998 & A& AL
2 y|dgd. gely gez JdsHriE §
3 ol& X9 SNP7} £ vl AR HY
Edo] g Q77 Besin] ol-&# nanomole
(nM) $=Fo]| 4] SNP7} acrosome reactiond] w|x] &
3o ) 2ALE AP sjojol & Helr}.
gy imM SNP 35X A+ acrosomal status
24 A3 L WX acrosome reacted A A7}
FA v} acrosin activitys &3 62§
zpol 7} DA H A ggict. o]& 1mM SNPoj| X
Epd o} B 8-9] acrosome reacted 3} A= acrosome
reaction®} Z#7} ope AR el AEuto] ut3)
Ho] Ve false-positived Ao FHdc} ¥
F2do] RAY lectins g o] & hFE9 QA
A AR £2} acrosome teaction FAH & A E A
Al A TS g5 = glE ethanotd o] §
8t Y, ¥ 744 ©]-8d Con-A lectins
o MW 2. ethanol thAl aldehyded A& o 24
AEnPdoz A Axe 339 & sttt
(Hass et al,, 1988). 712 2.8 1mM SNPol| ©] &
9 1559 NOZF A xet &85 2q4P 2 A
olt}l. wEkA] Yo' IFEL SNP XAl BA
A 39} viability ZHA}7} A8 Eojof & Aot}
G dFolA BY A5 7heE 98, 539
AZHEEE Ad #4219 peritoneum?} o
X macrophage 47} F33l9 o0, Atgel H4
A A= in vitool| 4] macrophagesl] 28} 5173 8H& of
gige Aoz gEFth (Muscatto ef al., 1982
Haney et al., 1983; Halme et al., 1982). =3 &
de And AFHLE 2B S Hole $xte
peritoneal fluid7} B zke] $EA T dA EHAE
FAaATE Ao R A} (Acby et al, 1997).
g+ macrophage 9} smooth muscle cellse IFE
9] NOS B8 & =3l NO B3 & £3A7] e
Aoz g4 Yot getr] do g JdAd % oA
A2 A G 9ol A macrophagest muscle cells& &



A NO A& ER4 7+ 89 0] F9o
o, o] 8%lo] EYe] A2 i BAE 2tn
QA e NI A7) glojor & Ao|t}. o]H g
FTFEL A= AREUde oz A8 2
A 194 EYS AReed 7198 § 3
< ¥ ol ozt NO9| A& el f44 &
BEH}E FAY & A g9do] & wyow
T #3849 38 Aotk
AEAE 1EE(1mM)?] SNPE H Al &

%73 3} hyperactivation2 F2 8] 7+AA|71t). vbd,
AF% (10uM o3} SNP+ A 7te] %A 7 hy-
peractivationol] A ¢] &S n XA} ko) acro-
some reaction rateZ- ZXNA|ZI 0 BH £ o ZF

Hel 48E & 5 9g Aot

—_

4 B

Nitric oxide (NO)7} A AM E 2] 7% mx] =
FAE 2A8H7] 98] NO 3399 SNPE thak
@ BER A T YA ol e} Bl
&% 79 hyperactivation, acrosome reaction rateZ
249 A3te et 2o,

1 1mM SNPol| A &= Hl ok 3|7+ T2 A 2}9)

573} hyperactivationo] 28] 2AE o}
acrosome reaction-& °J k& WA] ekttt

2. 100uM SNPSl A= ¥} %k 6412} -38) H zpe)
54 0] A% %2} hyperactivation®} acrosome
reaction2 & o k-2 kx| gk}

3. 104M ojate] SNPAlH = HAlel $5A 3
hyperactivationo] ¥l ¥ 8A] 77 = & 2ol 7} gL
Rt 2442t B2t vl F & ¢ 10nM SNPS

A st e el vleh fFojd oz asy
t}. 3kH acrosome reactiony= 10uM¥} 1uM SNP =
Eol M dzLol vl FojH ez FrhstAn.

a2z u= oleid AXEL 10uM o] 5l2] SNP
7} AR 543 hyperactivationol] = W3S 3=

A %1 acrosome reactiond ZZAA|Z 0 2R 44

Fgol 3R 48T & ASL AAHD
ik,
ol g 2 3
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