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ABSTRACT : Nitric oxide, a physiological transmitter, is reported to mediate cellular injury in various tis-
sues. Its reactivity to free radical is believed to be one of the reasons for its involvement in cytotoxicity.
Menadione, a representative quinone, is cytotoxic to several cell systems including isolated hepatocyte,
endothelial cell and red blood cells. Its toxic mechanism is related to oxidative stress, mediated by toxic
free radicals. Our previous studies demonstrated that menadione induced cell lysis and increase of ox-
ygen consumption in platelets. It has been reported that platelets have nitric oxide producing enzyme, ni-
tric oxide synthase. Thus, we have investigated to manifest the role of nitric oxide in menadione-induced
cytotoxicity in rat platelets. Menadione induced cytotoxicity in platelets was unaffected by N°-nitro-ar-
ginine methyl ester (L-NAME), selective and competitive inhibitor of nitric oxide synthase. We also in-
vesitgated the role of extracellular nitric oxide in menadione-induced cytotoxicity of platelets by addition
with sodium nitroprusside (SNP). SNP did not affect platelet cytotoxicity by menadione. These results
suggested that nitric oxide which was generated endogeneously or exogeneously might have a negli-
gible role in menadione-induced cytotoxicity in rat platelets.
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AUtk NOSE= =ZA| Ca™o] F7lol o8 fAs}=+
constitutive type3}, cytokine 5ol &]&} -GE5% 1 Ca™
ol F7tel oelM= o Aol 2AFHA U in-
ducible type 2.2 1} t}(Moncada et al., 1991).

T 2 4% HollMx o] pathway] Ea)7} gt
o] AR nitric oxider A4 A3 2L
A 3to] FahE] gl 2} (Radomski ef al., 1990; Sneddon
and Vane, 1988), 72 43} Yol ] Al 74l &
8loJ 4]+ guanylate cyclase, phospholipase C(Durante et
al., 1992), ADP ribosylation(Dimmeler et al., 1992) 5 o]
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NOSt& Ca™®] ZF7lol] s &A3l=]= constitutive
type 22 421z ¢lch(Muruganandam and Mutus, 1994).
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Menadione-2 A% 4el]4] NADPH-cytochrome P450
reductasecf] 2]3] thA}=|o] semiquinone radical-2- A4
3tz A" radical t}A] NADH-ubiquinone ox-
idoreductaseol] 23] thA}=o] hydroquinone-2- AJAIgH
t}. o] o WA semiquinone radical- 2 59l £2)j3}
= AREA HALE Fo] AFAE quinone o2
¥ v) E Ao superoxide anionS AJAIs} L olu] ofr| 5]
+= oxidative stress7} menadione =41 2] 3 7| o2
o2z} ghth(Thor et al., 1982). o] A] A|E F|A} o] -
o] doji}= GSH, protein thiol®] 7}4x, bleb formation
Zo] AR T B3] A EW Ca¥o] FrV7) SAF
A #Ho] slFe] Bud v ck(Dimonte et al,
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L Aol 2712 asledchKim ef al., 1996).
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WAl pitric oxide: AlA: radical®} ZA¥Fsle] perox-
ynitrite & 3JAJ3te] B w} glrh(Beckman er al,
1990). ©] peroxynitritet= OH, NO,, NO,"(Ischiropoulos et
al., 1992) 59| radical-2- 4§43 5}a1 lipid peroxidation(Radi
et al., 1991a), Na* channel block(Bauer et al., 1992), thiol
group#}2] HhS(Radi ef al, 1991b) 50 SA-& §+13to]
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wehs] B AdFellAE NOS2| inhibitor® <tedAl
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¥l nitric oxide?] ¥¥te)| Hsld = oI 319}

IL & 9 4y
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St ARSAl 3 ] Fr)7F 2442 122401704 5
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2. Al

NADH, dimethyl sulfoxide(DMSQO), menadione(MEN),

trisodium citrate, pyruvic acid, trishydroxymethyljami-
nomethane, sodium nitroprusside(SNP), N°-nitro-L-ar-
ginine methyl ester(L-NAME)= Sigma(St. Louis, USA)
=38 Tshalet.

3. Platelet rich plasma2| 22|

2 #E diethyl ether®2 vl 3F 7|E3le] B o
Z3e] Ay¥slgdct. o]of 3.8% trisodium citrate - 3}-2-
FAZ 3] A 1:92] v]&E § o 18 gauge F-
AREEE o4, YA $Ho o3 dAwe| &4}
E A A A (Radomski et al., 1983). A YL 150 g
oA 1587F LAAEe]ste] Yo FHE] platelet
rich plasma(PRP)E L gl 0w, ZAE A& 1,500
goll Al 20871 YAl8-2]3}e] platelet poor plasma(PPP)
5 ot o]s}t o] FHIF PRPFS Hads=
hematocytometer 2. & v]7-S& ARE-3sle] A|glom, PRP
2 PPPZ 3|A15}o] 5x10° cellsmi7} HE2 g% Al
ol Agstalct

4. Turbidity 48

432] cell lysis A £ turbidimetry W o8 =
A 3t9dr}. Lumi-aggregometer(Chronolog Co., USAYE
o]-8-3}e] PPP2] light transmittance® 100%, PRP2]
light transmittance S 0%%2 %& F 429 cell lysis
Axo] o} light transmittanceE 3 3}gt}. o]
PRP2} PPPE- silicon® & FEF aggregometer cu-
vetteol| 495 plS 718+ 3 PRPS] 7% 1,200 rpmel 4]
A|EH oz Rk o 1E7) vha|ste] 37°C7} =
T E 3 & A 8E 7}3}¢ ). Menadione?] vehicle 2+
DMSO 0.5%% AH-3td &, o] sXells At
light transmittance ]| <3 3-8 7] x| %] oFghr}.

5. Lactate dehydrogenase(LDH) & Al

4P 0 2 BE lactate dehydrogenase(LDH) f-5-&
spectrophotometry HHH-& A}l-8-31% o} (Bergmyer et al.,
1965). Tris-EDTA-NADH(pH 7.4) 1.0 mlel| 941 2g]
gl menadione 2|2] PRP2| 4}3-4-& 7|3+ & 37°Col|A]
10 -5k viekAIZ Tt o 7]ell 37°CellA] =] wljofA]

L2 0.1 m/2] 14 mM pyruvateE- 7}3} 1 339 nmo]|
Aol F3E s AN FHE s SR
NADHS| 415F 458 Sfulsho} olg Yoo el
F21¥ LDHS| &4 &2 vjeplict.
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L-NAME 300 uM + MEN 0.25 mM

MEN 0.25 mM

Fig. 1. Effect of N%nitro-arginine methyl ester (L-NAME) on menadione (MEN)-induced changes in turbidity. PRP was incubated MEN in
the presence or absence of L-NAME. The X-axis represents the time of incubation and the Y-axis represents the percentage change in tur-

bidity.

6. BAIXz2

A A= 7 o] mean+SEME EAslgl o,
turbidity A 32 33] o)Al Alglsle] v|d o]
24 78 ldt 3 1 F ¥ AFE Figure®
ARg-3hed )

L. 4 n}

Menadioneel] 2]3 ft=le 33 4w FA Q)
o] ¥ Ae) &3k L-arginine : NO pathway2] <3
2 oo}r 7] ¢3}ed nitric oxide synthase(NOS)e] in-
hibitore] NC-nitro-arginine methyl ester(L-NAME)7}
menadioneol] &% 33 P4 SA PlA= ¢S
gdotwgirt. EAe] A E 2= aggregometeritol] 4] 2]
turbidity ¥13}¢} lactate dehydrogenase(LDH) leakageE-
A8l Aggregometers o]-8-3F AlEFA]e] Hr}
W 2 B ARE| 3t AFHA=, S -
bidity7} V1= o= 3stEAlC] 2§ A2y
W3S onsly turbidityZ} HAEHUES wWe AES}
lysisE] 2182 2|v3ch(Kim et al,, 1996; Kim et al.,
1995).

Platelet rich plasma(PRP)ol| 37°Cell4] L-NAMEE

2 1 2)2]§t & menadione 250 uM<- 7}3}51S of L-
NAME?®] vehicle?] salined HAz]3}aS ol v
stod A Fvh) Aot A #AHA w@sken
0] menadione 1 mMoA & Z2H-& A3-5 ¥ r}HFig.
1, Fig. 2).

w3 Q1A% M EQ endothelial cello]42] ni-

= 100 - g
=
3]
<
g 3
ot
o
S 50 !
L 5
3 ] /
= *
av 1
(=)
-
O 1 t 1
0 30 60 90 120
Time (min)

Fig. 2. Effect of N-nitro-arginine methyl ester (L-NAME) on mena-
dione (MEN)-induced cytotoxicity in rat platelets. O; MEN 0.25
mM, ®; MEN 0.25 mM+L-NAME 300 uM, c; MEN 1 mM, =m;
MEN 1 mM+L-NAME 300 uM.

tric oxide2] AL o] ofg] d-FA}Eol &3 vaAl
u} ¢].21 endothelium derived relaxing factor, & ¥ %
o|Srel AL A S BT AT A AFel 9leh wet
A B @FAE menadiones]) $& W S ol 9lo]
3 4w &)Xl &3} nitric oxide?] &t &l <
o}x gk}, Nitric oxide® AP o 2 G2lgcly o
2] sodium nitroprusside(SNP) 100 uM-2- PRPol| 3% A
2|3 ¥ menadioneg 7}3}4]g ofl, SNP2] vehicleq]
DDW-E A 2] 3}31-& oo} wludte] turbidity 3} %
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Fig. 3. Effect of sodium nitroprusside (SNP) on menadione (MEN)-induced changes in turidity. PRP was incubated with MEN in the pres-
ence or absence of SNP. The X-axis represents the time of incubation and the Y-axis represents the percentage change in turbidity.
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Fig. 4. Effect of sodium nitroprusside (SNP) on menadione
(MEN)-induced cytotoxicity in rat platelets. O; MEN 0.25 mM, ®;
SNP 100 pM+MEN 0.25 mM, o; MEN 1 mM, m; SNP 100 pm+
MEN 1 mM.

=] A

fuc)
[t

LDH leakageZ ©]-83F EAIA]H e w3l
233kch(Fig. 3, Fig. 4)

v.n &

o]AFe] A3 As}ol| 4] menadioneol] 2|3+ ¥4t
Aol Waw Wil At 235
A= nitric oxidev} &= ¥4 2] Ho)] EX) 3} nitric
oxides= FAdoll Q3L v|x]A] F3-& FUAsMAck F
nitric oxide synthase(NOS)®] specificgt inhibitorgl L-

methyl arginine methyl ester(L-NAME)E Al-£-3}e] o
23k U)ol Ex)31= L-arginine : NO pathwayZ 4|
31938 74% menadioneo] G AT A W
52 Qe7)A) ek

Menadione->- &8 Aol =F A Z-& 7% cell lysisE
Sosed o) o) alobi Catel Zb mar BA )
ltH(Kim et al., 1996; Mirabelli et al., 1989) A
-2 menadione 0.3 mMol| 302 =FAHL A A x
g Ca™9] 57} 2.5 pM7ER] Z7)3ke] &7%54314.
Menadioneol] 2]t E-4] 7|* o 24+ oxidative stress
£ s} superoxide anion, hydrogen peroxide 5]
toxic free radical®] AAJo] Ba] ZIA|E 4] A A= v}
gl oo (Thor et al., 1982), o]&= 2] cell systemol] 4|
menadione®] EAI7|A o 2 P }A HbolEoiz
a glch

A Yo &3} NOS= constitutive type &2
AZW Ca™e] Fxol 2jEX R 11 FAo] Fr)shv
(Muruganandam and Mutus, 1994), ¥ A-%o| mena-
dionedl] =ZF ¢S A Ca® Z7}ol 71213+ NOS &
el 77t deld Zlog o &Fct o] 2 Qs A
¥l nitric oxidex= oluljo} Z+& LA Eo} 2] mena-
dioneel] 23t A4 FA{o)] d3S- vlA 7o o &
% ¢}, 1) Nitric oxide®} free radicalz}e] vE-2-Ajo|r}.
Nitric oxidet= superoxide anion3} Z3}3}ed peroxy-
nitrite S ¥ A 3} (Beckman et al, 1990) peroxynitrite+=
wj-§- =Ajo] 7}3iclm <tedR]l hydroxy radical®} ni-
trogen dioxide 2 ®-al|¥lc}(Hogg et al, 1992). =3} ni-
tric oxider= hydrogen peroxide®} Z43tste] HE-3-Aio]
u]-9- 743} singlet oxygen-g& A Jo] ¥ ux ul glc}
(Noronha-Dutra et al., 1993). o]+ nitric oxide7} 54



o Fejsh=, 7 PEAEHA EaE s sl 71Ae]
t}. 2) Nitric oxides= NADH : ubiquinone oxidore-
ductase2] non heme iron=} A 3¥3led 7 FA1L A7
o] ¥zt¥l u} glch(Grarnger and Lehninger, 1982).
NADH : ubiquinone oxidoreductase~= menadione®] A
E W HAel| Bod3l= EA2A] nitric oxideol] 2]7F o]
&9 g2 9A= menadioneo] 23 AT EA o)
od kg vzl Aoz dAkEg o) 3) Nitric oxider T
%} iron-storage proteindl ferritinel] Z§+s}e] irong- -
g, 22 <3t AAFEE o] RaEHc
(Reif and Simmons, 1990). Iron®] &+ 3k wjofz}
Al Z oA menadioneol] 23+ A E5A]o WIS fri
o] R.ar#l u} glch(Starke et al., 1986).

o]¢} 22 ¥ g FH3le] AL M Dl ni-
tric oxide7} menadioneP/] AT M EZA] Tes)
A 9L o]f-+ A A, menadionedl|e] A LFA
Ca™2] %‘—7}°ﬂE E-7-3}3 NOS7t 8455 A] A
v 2433k NOS7} ol Haloll oJaf 1 ZAjo] A
H ol 7FsAlolth. & menadionedl] AT 4]
nitric oxide JAA}A 7} o] FARA] kg A o)t}
o] 3l 7FsAdoll 3 &7 4= menadioneo]| thiol
o] EolalA & Agsl= AL 7}x| W (Nakai and
Hase, 1968) NOS9] catalytic activityol] thiol group2-
Z3H3}F o}u]iAkel cysteineo] F23F QS ke
X 11 (Pei-Feng Chen et al., 1994)2} A#A]-& 4 qlrt.
Menadione®] NOS¢} Agtsle] 7 A4S FAAAE
g 9l7] dFolch. EA4, Pagdelr] MAE nitric oxi-
de7} A-8Fo]ojx] menadionedl] 213} Z-AJol| od3FS w]|A
WHE free radical#}e] HF-S-& U 07X X3-& 7]
t}.

T Favbol] A1’ Al E4 endothelial cellol] 4] 2]
nitric oxide®] WAL de] ¥ u%E v} 9o in vivo
Aref ol A A2 9] o] £z nitric oxideol] x
%% 4 9)t}. Nitric oxide & ApuA o7 §el3lcla
2]zl sodium nitroprusside(SNP):= menadioneo] -
ke Ao S | T w4 gk
o= HAam RellA A E = nitric oxidedErte] o}
vz}l o] ol £a)8}= nitric oxide < A] menadioneo]]
2% g S TR S 3t A %S A
ALghct.

ZAl| §&

o] =& 1995 Aedigtal Aok A d7Al
E](KOSEF-RCNDD) x|l o2 Z3=lgjon oo 7}t
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