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Effect of PAF Antagonists on the Nitric Oxide Synthesis in Ischemic Cerebral Cortex. Won
Suk Lee', Soon Kee No’, and Kyu Hyun Park® Departments of 'Pharmacology and *Neurology, College of Medicine,
Pusan National University, Pusan 602—739; “Department of Neurology, Bong-Seng Hospital, Pusan 601 —051, Korea

This study aimed to investigate the mechanism of cerebroprotection of platelet-activating factor(PAF) antagonists
in transient cerebral ischemia of rat. Right middle cerebral artery(MCA) of Sprague-Dawley rat was occluded
for 2 hours using an intraluminal filament technique. After 22 hours of reperfusion, morphometrically detectable
infarct was developed in the cortex and striatum identical to the territory of MCA. The infarct size was significantly
reduced by PAF antagonists, BN 52021 and CV-6209, as well as an inducible nitric oxide synthase(iNOS) inhibitor
aminoguanidine(1 mg/kg, i.p., respectively) administered 5 min after MCA occlusion. PAF antagonists significantly
inhibited the enzymatic activities of both myeloperoxidase and iNOS in the cerebral hemisphere ipsilateral to
ischemia, whereas aminoguanidine did not inhibit myeloperoxidase activity but significantly inhibited the iNOS
activity. These results suggest that PAF antagonists exert a cerebroprotective effect against ischemic brain damage

through inhibition of leukocyte infiltration and iNOS activity in the postischemic brain.
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A AR ERelle T3] 42 AESH A4 B
Aol Btz dHA Y& vl 53] HFPA e
phospholipase A9} phospholipase C7} A3} = o =4
B2 8l A4t diacylglycerole] zZ ol 4= &
Hll(Panetta et al, 1989) 1 F-o}|A] = phospholipase A; AHE
9l 49 #8433} QA (platelet-activating factor, PAF)7}
P4 ¥ EGoN olA Fa8 viAEolgta FENT
et FFAZANA PAFE Hoi-y] A £AH(Kumar
et al, 1988), 3 & 3} 4=2(Kochaneck et al, 1988) =] Z) A A
Q1 A7 %A (Komnecki & Ehrlich, 1988) & X#js}n=,
PAF Z3AE-& 34 Aslo)] AL3tH W3 Y £4o)
Fol3Al FA e WA= Bl gel e gl
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PAF Z& A& 28 8" &4 JA9 7172 &
AN ZA = 3] PAFo| PAF = &Alloll Aiste A& W
Ao 24 PAFY] A4S AR oz Faldhete 343}
T2 Z3 Aol dstodnt A= glo](Koltai et al,
1991), A 38 &4 Fegell gloi A9 At W] el eHH
HAoll ol A A& 71A & AAs| Awstrldle 75
g Hol gl

25 gubs] AE I Y& nitric oxide(NO)= 4
WA E, Q3 J&L, 45 AE 9 A3 AE F oA
A EWollA] L-arginine & £ XE] constitutive NO synthase
(cNOS)9} inducible NO synthase(iNOS)ol] 2js}o] Al =]
E4d), iNOS+ lipopolysaccharidet} cytokineEoll ]38t &}
Fol] uk-gste] B FY 9 AEENA LI, oA
o ofste] diEgF AAE = NOE A E 534S 4ot
3 A vk (Moncada, 1992; Griffith & Stuehr, 1995).
E3) 5dA ¥&ge] WelEel gleiA] iNOS A xe
ZF oA sl H & B B diel =1 Yde
uk24] of2] FF2] INOS A A7} AA] A ML=
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3] 2ol So] PAF A Sl 23 iNOS ¢E A7}
B 51x]7] AZst gl Arthur et al(1995)-S w43 dj4)
AL Gt FBZ AT iNOS S5 A¥ A
PAF Z3A71 iNOS 28 eSS EasiuA
o]t -2 A4 71Aol 2sle] PAF Ay A7l WE4A
4oz el B3 Z4-¢ vebdvts AXsigict. 28
PAF Z3HAle) Zstell djstol ol R2E HoA £
3 gk

uEhA £ Aol H3E &49] WelEd glolA
o9 Q3 BB 2]s PAFol| thdt PAF 234
358 &4 1359 24 71A-E ¥l iNOS Aol 24
& 933, PAF AL S8-ARFoll 4% HzF &
Aozie B 7AE Wala s

dEnz 9 Wy
48 SE

A 300~350 g9 ¢4 Sprague-DawleyA| 31HE A
SAAY L5, 24~26°C) WollA] E3 A2 Z v}l
AHAHA A Agsldcrt Adell Agsigid

SoheSY oA

AN A FF B2 de AdsE SUYE
“H(middle cerebral artery, MCA) #H| 42 Zea Longa &
(1989)¢] woll we} Ashsigic).

A4 FE-& secobarbital sodium(35 mg/kg, i.p.) o2 u}
FAAFIL ALE 3T°CE FAAF7] Hste] A7) A
Aol 2 G E 2% ¥ BF AFAES vl 4R
£ ANt o] B27 FEREE Aolol A7EAAQ
71E AXste ARAETEE EAR = A5
o] FA F 359, A, AT, AS
o 9 eobF g 77} Helsto] 7| &2 AA Adtkelg]
ot W3 EWE v|FA o 25 =24 x8 Eesla o
THEHS ZIARE T-0 YL E $AE AZdgoz
A FAEN £A F Tl EAste AL 224
W3EHnte] dol JEF 4t

A7 EN 718 FHE 60 AEFARE =34 A &
< s F745W3 WA S vjAlER L FYS 42
AA st Q75 Al vlAlrE S 7124 4%
ol 2+ Flg hEo] 2 WgE Bulo] IR E £
27| e Aol ¢F 25 cm?] 3-0 A2 UYE 2R
£ WAEYNZ Adsisich 288 BRs) $islo

e YU $RA F9E 35 713 F90
Lea R AERAZ Sehd F WA E o) A%
8RS YL AANGS. FHZ HIE BYAE
A3 AYAA 2 o] MCAS] 7|4 %E A} Heilx]
Sulg] 2947 EYHES 3l

MCA 54 2 A1 § A2 BHAE AAeln 54
Sulo] g=o] Y8 vl ALBE IS AARo2A
golg ARFAZT, AR AN B9E BT o
AzyE A WriA Be 44 ol HRES & F
Vit ASARE $A ALl A9 T vhevlz
AAHES 23l

NEFS UYE BUAS 4Uste] MCAS) A4 82
RN R R ER PER T
Feigict.

HEAISEA ZM 37] £F

MCA 4] ¥ 244 7ko] Z3el5le o B3] secobar-
bital sodium(100 mg/kg)S E7H F4% F DF XAA]
713, AA HE FAEERE A 78 H 79
(RBM-4000 C, ASI) $jol] g3 A5 Dol A e 3
o2 2mm Ao Adsle 7 M A& B HAH
< WHEo] Bederson 3(1986)9] Wl wE 2% 2, 3,
5-triphenyltetrazolium chloride(TTC, Sigma) -&Hujo]] Y
I Aol A 3027 A X% F 10% FA formalin $h-]
o2 3BAF

243 ¥ 24 A WS AR (SV6, Zeiss
ol AAF ¥ge 2 ZWE|(Model CVP-GT, Sony)Z
ARE A5 ZF AFoll A7 HAA e HA S HH
AKP-21, Koizumi)Z4 =343t}

Nitrite MMzt X

oo

NO §4S] AE2A HEG BHHE nirites)
%<& Green 5(1982)2] W& 7 HFAIA FH3IH
t}. A& ¥ 2z2Z-2 320 mM sucrose, 0.1 mM EDTA 9 1
mM d, l-dithiothreitole] ¥+$%! 4°C2] 10 mM HEPES &=
Rol| 73 2 ul7| 2 3027 wlafsle] o1 =3
T53E WA Aol G0l FAAIZT 37°CollA] )
WA e #3E 3 3 ihEd 3 A 948876,
RC-5B, DuPont/Sorvall)of| 4] 10,000 xg= 1527+ AR AZ
oh. AoHol 4ufEe] B4 %FH(30 mM potassium
phosphate bufferol] 0.7 mM MgCl,, 7 mM valine 3! 0.7 mM
NADPH 3§, pH 7.2)-8 7Vslo] 37°CollA] 20 £-7) ul
SAZA}E 02 mkE 2 slo] 1.8 ml9 Griess £-N(2%
phosphoric acidel] 1% sulfanilamide$} 0.1% N-(1-naphthyl)
ethylenediamine dihydrochloride $+-)3} S4-3] &£glslo]
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10 27+ Aol w3A ¥ E3FFEA(UV-1201,
Shimadzu)& A-83}o] 550 nmol|A] wAcle] FAEE
sk 4 89 4 FE= Bradford(1976)
2] "o} u}} Bio-Rad Protein assay kit(Bio-Rad, U.S.A.)
£ Ad3tq FA8c

iNOS 84T &H

¥ zZe] iNOS 4 X+ Bredt 3 Snyder(1989)2]
P& ot HPAA L Hlarginineo] L-['Hcitrulline.2.
B Ak 48 %2 AR MCA |4 F
29 UH & AE AF A3} Ao FFo] FYAA B
Frt 2AuE S350 mM HEPES, 1 mM
EDTA, pH 74) 2.0 mlel] @73 ZZu}s)]7](Polytron,
Brinkman) 24 10 =7t viafsle] =2 FARE T3
ot 23 FANE WA F4E87](@4°C, Mega 17R, &
WyellA 10,000 xg= 1587 SAAZ] F FE5AE 3}
o] o] A% 25 9} k-2 A== NHEPES 50 mM, NADPH
1 mM, EGTA 5 mM, tetrahydrobiopterin 50 uM, FAD 1
M, FMN 1 yM, pH 7.4) 0.1 ml I #]4 L-[*H]arginine(l
UM) 25 plE 1.5 ml Eppendorf tube Wol] Y31 Al-&oll 4]
1027 vk At niel AR s FAL S5
(HEPES 20 mM, EGTA 2 mM, EDTA 2 mM, pH 55) 2
mioll 4 ¥H5-& A A Zch o]AE Na® Po2 vz A
3LA)7] AG 50W-X8 resin colimng £ A7 ZH5
2 mlZ& AG 50W-X8 resin columng A)3to 244 o17)

E RE £20¢ scintillation vialoll 331t} 7]
ol] Opti-fluor scintillant(Packard) 15 ml-& 7}sted A7
% liquid scintillation counter(Tri-Carb 2100 TR, Packard) =
A RASE SHAE 4 ASNY B FEE
Bio-Rad Protein assay kit(Bio-Rad, U.S.A)E A&
Bradford(1976)2] ¥ o 2 ZA319c).

Myeloperoxidase(MPO) AT &X

MCA =\ 3 242 7} Zol] 2}8F9] secobarbital sodium(100
mg/kg)S HHNE T3l XAX I3, 4y FEY
AL 53t AF A A4 100 mlE 100 mmHgE &
T2 AN NG 25 AAXT| 3, 3d-A3
FE AR TZ HE &3 HolA A& A Y
3} Aol o] ksl thr} Barone 5(1991)% Bradley
5(1982)9] Wi & <+ YA A MPO A EE A3}
At

WE H2z23& 4S5 YA AFAA FAE A
3, v]g] 4°CE 2}AIE 50 mM potassium phosphate buffer
(pH 6.0) 5 FolA uiafiste] =3 FANRE F3
23 FANE YA 43 E871(@°C, Mega 17R, ) W

o4 10,000 xgZ 1558 F AR 4F5HE vi=
I HRAE 78 F FAEE AHE] AAste] 99 #
A& el 35S vEln A2 AXE FAE
ol] 0.5% hexadecyltrimethylammonium bromide7} &%
50 mM potassium phosphate buffer(pH 6.0, 25°C)S {2l
2A9 sje 2 selo] detalg whEw of 28 B9
a9t A2 AL WA Y & TAT HE HA
2 33 WAk 295 AAS ¥ F £ColA 2087
incubationd} g t}7} 10,000 xg £ 158 ZoF WA A AIH
t}. A5l 0.1 mlE o-dianisidine dihydrochloride(0.167
mg/ml)9} 0.0005% hydrogen peroxide7} % 50 mM
potassium phosphate buffer(pH 6.0) 2.5 ml¢} £33t ¥
spectrophotometer(UV-1201, Shimadzu)& AM-83}o] 400
nmoil A 208 F<tell AA FFE HES FA85
MPO A X 1 unityE 1 mol?] peroxide7} 25°Coll 4] 205
Tl B2 AgEE ASEA Aosle 1 29 E
munit/mg/20 minE FAs}gG ).

AS k=

B ojLol] A£35 952 BN 52021(Henri Beaufour) 3
CV-6209(Sigma) S} PAF 738} #)8} XA Q1 iNOS < A
A)¢] aminoguanidine hemisulfate(Sigma) 5-0] 3, ¢} 52
stock solution-g 0.9% B2lA g2 3] 4slo] MCA =)
S8 Fol AF 1 kg B 1 mE £ W2 Foi3}gict
Agoll 449 F9 24§ A& L-[Hlarginine hydro-
chloride(Amersham)$} AG 50W-X8 resin(Bio-Rad)2 B]&
slod d,l-dithiothreitol, B-NADPH, tetrahydrobiopterin, flavin
adenine dinucleotide(FAD), flavin mononucleotide(FMN),
sulfanilamide, N-(1-naphthyl)ethylenediamine dihydrochlo-
ride, hexadecyltrimethylammonium bromide, o-dianisidine
dihydrochloride 4 hydrogen peroxide(©]/4 Sigma A|%) 5
ola, 7|e} dut AUEL EF AFS A&

EA &

BE AYXE BT +E T TFELAE AL,
A
[+

EAH(ANOVA)o. 2 24
|ageg A% AAste p7t
sicka B3

SEWREREY T
3} % Bonferroni®] t}&
o] 0.05 kel AL &

%3
i
H
T e A '04
aF Za
Mol 37|

UUE 23S WAFUNZ 4kl MCAE 24
2 5 ARG NS ABFAA FE Q4
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Fig. 1. Effect of PAF antagonists on the infarct area of the
ischemic rat brain. Brain ishcemia was induced by occluding
right middle cerebral artery for 2 hours followed by 22 hours
of reperfusion. PAF antagonist(BN 52021 or CV-6209, 1
mg/kg, respectively) was administered i.p. 5 min after right
middle cerebral artery occlusion. The brain was sliced
coronally into 7 pieces and the infarct area was measured
morphometrically after staining with 2% 2, 3, 5-triphenylte-
trazolium chloride solution. Numbers in parentheses represent
the numbers of animals. *P <0.05; **P < 0.01 vs. correspond-
ing control value.

HH Y-S AF oA Yol 2447 Foll AA| HE A
Z31e] 2% TTC §No g S o ¥ A 3d =
o]l MCAZRE] i FF& b= o7 YX|sh= MCA
X 949l FUH o2 Fglo] FHE = ¥ Mo] A
= 9ict.

H7AAe 2718 FA87] Hste] A E 2 mm 744
o 2 Adkste] Q4L T A& A4 AH 77y A
WY& JeASNA o2 259 ek MCA #1458 &
of] PAF Z1&}4]Ql BN 52021 3 CV-6209 1 mg/kg& 22t
EAWE 53 7§ Fig. 1014 E= ul9} o] BN
520212 3,4 9 5 ¥ AH| A WA & Fo3iA A4
AR 3(ZZ p<0.01, p<0.01 T p<0.05), CV-6209% 4,
59 6 A BN WA g FosiAl FLEARHZZ
p<0.05, p<0.01 B p<0.05).

] HAe ¥A4H HFNY 271E w29 E u
PAF Z38A| X179 HAM =7 dZ2Fol vl
R3] Z4AEYA(HNRF, 279.1£26.7 mm’; BN 52021,
134.1£26.3 mm®, p<0.01; CV-6209, 135.7+29.7 mm’, p<
0.01), L &3+ iNOS 2} A A2l aminoguanidine 1 mg/kg 3
z]ol] 218 A7H(1402+27.1 mm®, p<0.01)9} SAsIA
(Fig. 2).
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Fig. 2. Effect of PAF antagonists and aminoguanidine on the
cerebral infarct volume of ischemic rat brain. BN 52021(BN),
CV-6209(CV) or aminoguanidine(AG)(1 mg/kg, respectively)
was administered i.p. 5 min after right middle cerebral artery
occlusion. Numbers in columns represent the numbers of ani-
mals. *P<0.01 vs. control group.
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Fig. 3. Effect of PAF antagonists on the time-dependent nitrite

formation in rat cerebral cortex following ischemia-reperfu-

sion. *P<0.05 vs. corresponding control value.
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S84 ol 7AW nimites] AYFE K WABF
F9 A7 Aol weh felabA Z7HEATp<005),
olas S PAF ZakA) AAX ol etod FjetA
k3] A ehp<0.05, Fig. 3).
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Fig. 4. Effect of PAF antagonists and aminoguanidine on
iNOS activity in the ischemic rat brain 24 hours after transient
ischemic insult. BN 52021, CV-6209 or aminoguanidine(1
mg/kg, respectively) was administered i.p. 5 min after right
middle cerebral artery occlusion. Numbers in columns
tepresent the numbers of animals. * P<0.001 vs. sham group.
* P<0.05; ** P<0.01 vs. vehicle group.

(0.84£0.06 pmol/mg/min)= sham<-(0.07 +0.01 pmol/mg/
min)ol] v]3led FA] 3] F7hE Yrkp<0.001). PAF A3
Alel BN 52021 2 CV-6209 £-2 iNOS | A]¢! amino-
guanidine(ZH2} 1 mg/kg)S HAWH F331& 7§ 314-
Aol 2sted F7HEIQT INOS 8 =& 72 055+
0.07(p <0.05), 0.61 +0.06(p < 0.05) I 0.53+0.06 pmol/mg/
min(p<0.0)Z F-2J3Al A= e}

MPO 4T

YA H=2 Y iNOSE £ g &4Jo] HUA PAF
o gJ3te] FAH EFT] FFell 23 AQJA E o
vl A& EFl Jslo] A4 PAFd| % Al
Z 73] S1ste] S84 di¥] =223 MPO 4 =&
FA%131

HE-ARFE AW w3 o 220 MPO 2%
£ 5.60+0.45 munit/mg/20 mino|g o} HE-ANAF E
Z0| A= 7.79+0.41 munit/mg/20 minZ A} §-2J3}A Z7}
3 cHp<0.01). Fig. 50ll4 B ule} o] H€A dl¥
ZZYe] F7HEQW MPO ZAHEE BN 52021 9
CV-6209(Z+7} 1 mglkg, ip.) X X]ol &ste] 72+ 601+
0.48(p<0.05) ¥ 6.44+0.37 munit/mg/20 min(p<0.05)E
frolstAl A=t g1 INOS A ARl aminoguani-
dine 1 mg/kgs E7 W XS 3¢ 8 55
ZzZ 9] MPO 4 £ 7.09+0.40 munit/mg/20 minZ A]
Nzl vlsle] Aol7} gigict.
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Fig. 5. Effect of PAF antagonists and aminoguanidine on the
myeloperoxidase(MPO) activity in the ischemic rat brain 6
and 24 hours after transient ischemic insult. Animals were
administered i.p. with BN 52021, CV-6209 or aminoguani-
dine(AG)(1 mg/kg, respectively) 5 min after right middle
cerebral artery occlusion. n = 5~6 in each group. *P <0.05
vs. corresponding control group.

T &

B dFe HASE-ANAFE AW 2AF A PAF 4
8hAl¢] BN 520213} CV-62097} 7AW e a7 & 7444

13 gl 22 Wl F714 iNOS 84 9 MPO 84 =
£ FosH AAANZ S [Eseich

PAFL of] Z2Z oA 9] dF AT EAZA Y d&&
3lrhar AR YZ9] acetyl glyceryl ether phosphorylcho-
line2. 24 o] AFE AZ(HAAE, G, o3 d u
g7, 943 WIAE g 73 )l A=, AE
W 2k ofe} AlEZY] 4L o |¢ e 2 g o}
okt Zrg-& 3= 3t A EAZ 4 A rk(Stewart
S, 1990). PAFY 8A4& dovlx ¥4 =4 &4
AstA zafstedl, 53 TF A4 AN 8- A
¥ £ (Kumar et al, 1988)3} ¥ 38 <=3 (Kochaneck et
al, 1988y o}7|3 #at ohzl FAHAQA A7 =4
(Kornecki®} Ehrlich, 1988)& %3 +% gt &},
Francescangeli & Goracci(1989) 317 9] H A E 54
A o2 PAFe] A0 fEld o Yok B3y
3, Snyder(1989)¢} Braquet 5(1988)& ¥ &43) 2L o
2 Aol A &= phospholipase A7} A 3}sic)a K.}
A} 2ol Nishidad} Markey(1996)= 10E.742] A 7kA]
A Y-S of7| A7 gerbild] ¥ =AU PAF $EF 33
ZAs15 S ol BN AAF 1 A7 Foll dluloll A 210%,
o] =] AolA] 168%, AdellA 169% F7Fat3 Tkt 64]

N
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7t ol R RE = AR FELE I RHY Bslgict
olF¥ HnEZ ulFo] & ul ¥ £49 24 g
R#el] glo] Al PAFe] ull$- 5 a38HA] Fojdidte 55
7HeA & Fok

FZ o] A7l 9] e AEAH "ol Hof}
= oiAEA 24 NO7} 845 9lth(Moncada, 1992).
NO: €3 WA E, 4F AIE g9 g3 HEZ 5 o
A)Eo)A] L-arginine. 0. 2 2E) ¢cNOSS} iNOSe &Jslo] A
A= e, 2744 NOSg & WA EA NOSE cal-
modulin-9] &4 0.2 A F Ca¥* X oA &43}
slo] NOZ gAZ oz AAsA T, iNOSE cNOSeH=
ga) AEW Ca*' FEo AF&A g3 FRAE &
Zo g ZA3|tlrl endotoxino]L} cytokines, & lipopoly-
saccharidet} interferon-yol] 2] 34 4L o] Yt ¥ =
M NOE A&Ho|an s Tty o2 Ao X 5
Z8-¢ Jebdel 2 Tadecola 5(1995; 1996)el] 2Js}od
Hsjdol ZgE o] 3ol HzZHolA iNOSS el
A3 Z71gehe Aol FHE Y, wehA] iNOSe &
59 7 54 BASE dAAA Fo2X HHYE &4
& ZAEAF 1A st A7) Hol APH T JrhA et
al 1996; Zhang et al 1996). ¥ &30l A = INOS A A A
aminoguanidineo] 73 2] 27| Fo A FEAIF L,
&g B9olA9 iNOS ZAHEE Fl3A JAAR
t}. EuglE AL PAF Z&Aldl ojste] HA A =7
7} SoluHA BAE NS Bk oflzt YA H=zFH e
NO A3 =k 5] iNOS 24 =71 F2latA dAlE ke A
AZA "A7A Y] o8] BEageA e Fot Br] &
AZg Ao}, o] A HF Y] 2EEH ¥
3 Eqtoll 44 frel® QA PAFe) 2Jsle] iNOS7}
553 o] Aol gsle] vtz AAEE NOd| o)
o] 384 ¥EAo] A= AL A o 28
U} o] 9} 7o] PAF Z13}AIE o] 9slo] iNOS 4 =7} 7
A5E 7)R 0] iNOSol| tdt FAQ QA Aol 2%
Q1A £-2 iNOS mRNAS] W& & o AslAL) == 718
2 A2 E Ao ey dojAe AU Al 9
T AQNA B Ao 2= ¢ F UL o Z T AR
28 AFE A3 Hojop & Havt it

71&¢] tiR-E-2] NOS o A A Eo] oi7] el NOSE
2R dAAFGeER K &4 X Holl A-LA
e B2 oS A2 glo] 4 HEol A &
tH(Carreau et al, 1994; Niu et al, 1994). 221} PAF 713t
ASS AENS AE o BF ZAlst PAF 544
Zol|A] AlZH PAF £+&A429 AT T8 7HAx 9
7] wjEoll(Koltai et al, 1991) PAF Z3}al|ol] 2jste] A|E
YollA 2] iNOSE| #57F 4AlIE Aoz FES=EE

cNOSoi] o]ste] AAEE NO2| FJAMIAE &4
3 A Jrdf 2 5)E A YleAE &
oA iNOSell oJate] 288 4 gl AEE U A
HE No9 §a4S FA e £ FRez A4
4 98¢ Aoz Agdd. Al PAF ZAgA| M 7T
L ANAE 27 DAL & leng o W
o} Zo] & AFE Esto] PAF A3l A& 7|4l
AAs BERAL, oA 7% A S EUE HE &
A A diste] Bl AdFolm A EolHQl PAF 7
A2 Mursie] HE Al Aol HAY X 8H &
& 37 "o ol wig nFHY AoE i

YA YAH PN 27 4 YA TF7E 9
go] Fazictn A=A Ye vhEA(Barone et al,
1991; Matsuo et al, 1994) A EZFF& AFJAIFAY T
Z7 g8 Fodgozy HFY &4l AR
= Bl o] Ve grH(Clark et al, 1991; Shiga et
al, 1991; Chen et al, 1992; Bowes et al, 1995). ¥ ¥ ¥}
Qofipd g Fo] oy WEdFrt i Wl st
of Mz N2 A8 3 Fx, 24 Ul 349 &
272269 og) EAS0| Fe=WA olsh § Bt
& QA2 uhdl 9aje] HYA HzA &4 TS A
3}17] Elci(Hallenbeck et al, 1986; Barone et al, 1991; Clark
et al, 1993; Garcia et al, 1994). I 2& B ¢ Fo4=
Hdo| Q& o IF) =22 YE dvh) FE
Qe AFHoz =AY st H=FH MPO
AT E 243 1k, SF A A4 HHEE 4
o913 24X 7 3ol HE 59| H =3 MPO B4 S
2 2x% Az MPO FA £ A4 =23 o) ulsle] A
3] Z7}5)¢l 3L, PAF 7184 9] BN 520213 CV-6209 | b
o oate] St AT E H2E 5 Y a3
21U INOS A A el aminoguanidine-g& Hx319S v o
z2d] Z71E9 " MPO B4 EE obFa WES U
R ggsteh. ol g AT g FvIgE AoEA
J5i8o] Yoldo 2 ¥ 2R Mol $=5 & iNOSS]
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