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Radiation

Hiroshi Yamaguchi

Space and Particle Radiation Science Research Group, National Institute of Radiological Sciences

Abstract

Radiation dose response relationships have been studied quntitatively. Species by water radioly-
sis such as OH, Oz, HO; and H:0; are active oxygen. Especially OH has long been regarded as
main agent to cause indirect actions to living system. One can derive dose response relations be-
tween OH and effect from that of radiation, if yield of OH and fraction of indirect action are esti-
mated for irradiated cells. The paper studied related data toward this goal. A method has de-
veloped to estimate yields of OH, Fe®* as well as O; in terms of the prescribed diffusion model.
From this method a conversion value {from radiation dose to yield of OH for X rays were given as
30.3umol - 17'/100Gy. The experimetal result of fraction of scavengable damages by OH, ie. 70%
of the total damage (Roots and Okada, Radiat. Res., 64, 306, 1975), enables to derive the dose re-
sponse relation of OH from that of radiation. The paper discuss possibility that radiarion interac-
tions happened in hydrated waters around DNA may play as direct actions to DNA, from analysis

of the indirect fraction, 70%, in terms of number of existing atoms.

I.# 8

BT & B B~ OF B IR ESRERE L TEENICER SN TWA, LA L, ZOEHKS
DFEM L 72 B ERHOEGHE N, 5F LNV OBIIZINT ToFAEYFFER, AYWHEFEC L 50
FENBEANAT PN T WD, ZOERAEREE LTI 25 EBO05H5E 213, DROENSTFIE
DNA 3 Cd %, DNA 5PN GEBEER & MBERO 2 8810 L ) EEMEs s, 2L T, &Y
EHONEEE LR THNSNAIEENTL, L) dbDTHbL, INLDER 2 ZEIZBVWTEERET

BAHREERETET B3I V-7



DIFFEDTAIAT LN TV B, EHICEEME LT, EETOMBEEMIZDNAGTEL 0H S VH L&
DHBVERPEDORF2EDL L, ZZ6NTWA, OH 7 VA IVIEDNA T % & 1) F L KGFORES
AR L VERENI DD THE, OH T VAV - THEHERIZETIIES CER SN T & 2E R
Thb, TLTEFEEBLZED TV LERBRZEO—HETLIH S, MEHIZLVERSNL OH S VL
nEL, R (BE) 0 bOMEEHOLEDLEE, ZO2o0ETEIUL, OH T VAV EaiRE
DEEBMBARPHEETZLETTH L, T2, HHEEOMELE 2 5 LT, MITHMENEDL 5 EE
D—D20H 5,

BT, ZOMEER. OH 7 VA VN T 2MEBMEMRREL NS, IZELBDITIE, 3512
TOMIZEZ ZITE 252, (1) EEFORFHIZE S OH OREITH > T b5, (2)KFTD
BEHRIC X %2 OH NEE EIZ EH - T b, (3)FN 5 OH INE & MEHERIMEE & o B4R
2o (4)KH o OH INE S X BRI ROBBIEH 2 ST 25, (5)ROMBIEROHE
DHEFEDIIRE ) e TORLTIE, TNEDOMIZEZAZLEHIEL TEEY DD,

0. KOMEHKRDBEREMDINE

WG E WEEARE OB I R ICEE T, NER, 7927 —IROTEEEL LTHEL B,
SHTOZORELZ AL 7 IR —LIF, HMHTORELZ A/ S—, 70y 7, Ya— bS5y rkE
EWATWD, AF VI TR =37 ANY YOFFEOBE,POHETEMETH ), AS—, Tav T,
Ya— by 2 IFHRNEEP OB TEALMETH L, WTFNIIE L, INHBEDOZEM S/ & R
EEMER, BV (BE) @il EOBFICEL 587 VZZoRMEEOBRBN 261 TH 5, RFEE
BFECYWECOMEPIELNETEDLSD, AUHTOWEELZHER T 2RTF0 TOREFELNEIER D, §
EOBEER SN FROEMSA DL SFIFMEOL D, BlEFHVTRI 2LERES B2 5,
(1) ORIZERTERT 2 KOBEHHRSHOMERB LTOH 7 V7 VOREOHEEIITRED, LRI,
BZIEBETHH, A2 IEMETTLKOEERTO OH VW V% in vivo THIE T 7213 BHEED T
XLBRICIE v, CTHIWEIBGTHEREL L L) 2FBICh 5, BEMNREROBEIZEMKD
vivo DFRETIE7% (|, MMEMBE CLUIK) OHETRHEINTVE, = OBIERERHEE O R H
5, OH I VAN N7 KEEERICER SN L NE TR S 2520,

NV KRN TS EHIHEML Z Ed b, Thabh, BRI L IOKRORIMEEIER L2 2, R
PEESREIEOH 7 VW VOILE D £k b, MFMOIERBFOMHAOI-012, T OREEE DR
BHEZMBKRLZ OH 7 P A NVOHEEIKRDO 5L b, KB TORDETHRSHEERY species DINE, G1HE
(100eV &7z ) o) T % OEEMZEAL L AL E B OME D TSR AEW LB 7 — ¥ Th b, Species
D GEDW L OPDREEZEALIZ NSV A T T4 ) VATHREENT WA, RIS ZBFICkL7- G E
WEIBEFHIN Ty 7OFTERY I 2Ly a v Ick B HEE, HHUMLFEIBRE B HEL D 5,
HEEIZFS Yy 27332 —3FYICMAOH S VI VOERSHr5 2, hEcEE 2 32— +rT5
TLICLDRREMED SR D L) ko TwDY, LA L, HEROMF S Y 32—+ T&S
FCTIZE R o Ty, |
BEOWHUSHY RN LB HEE, ZoFER 2 EERS 2 LA TE AREEZ RO, Rk
RRERT A E LT, ELAMHAEEHEBRAEFOZANT 2L, IO LI, Ya—FrS v,
T0y T A= EEFRT S, TORGIIEVIEBBULH S AR A HET L A=l n TR



SRS S LIS AN T A AGHEZEZ D HE DS, HiEE Y a - NF v s, T0y 7O 3KIT
ZHTOEZROAFIEEWEND O, BEIIBSERGEEE FY LET &L 28— A4 X5MOATEBET
2 EICEMOAR T4 E 5% %, Yamaguchi [ZHRF DAL HD L FELZRIEL 2", €T TIEHE—D A 8-
YA Z#MEL, RIFIZE  DBETO path 225 TETEY | path (TEFO LAV F— THRESHT SN,
L72#%5 T, path LD AS—EDOFGIEHEE % D path D T AV F— ([t 58F) T—"IICRESL, £
O path BEIZILEULIR T HRRR 2 FOM < (0 G H) o AT O 7% 2> DEF 0 path D 5747 13 B F#
DIFINF—DEEE LT, degradation spectrum & L TR 55, Z I TH path DI GH% de-
gradation spectrum CEAFHT L CHESTE, SIS L O GHE 5 GHE) »5kdohd, L)
bOTHD, TOHiEIE, RPHEEL V2B GEOFEOHIZID A0 25, IZETOFEITHRED
VETHL, LrLIoWE*RRTENE, TOHERBIBEHNESICRT GEEZRD L Z VRS,
KETLEZ 05k L7z i OMRE 2 k<%,

M. A prescribed Diffusion Model

KOS L D E U/ AN—NTIE, BEZ 107285 5 UGEAEY species MO UGS HEITT .
Bo K (1)-(12) IBEFBETOHMKTORIELE KIBESZ R, 3 (13)-(14) 136 21, Fricke
ERATHIMINES 25 & TORICEBRTH %,

x10!0m-151

(1) € aq+ € aq + 2H,0 — H, + 20H" 0.55
(2) e a+H+HO — H,+ OH" 2.5
(3) e+ H"— H 1.7
(4) € ag+ OH — OH™ 2.5
(5) e a + H:0, = OH™ + OH 1.3
(6) H+H — H, 1.0
(7) H+ OH — H,0 2

(8) H+ H,0, — H,0 + OH 0.01
(9) H*+ OH™ — H0 10

(10) OH + OH — H0, 0.6
(11) e ag+ 0; = Oy~ 1.9
(12) H+ 0, — HO, 2.1
(13) OH + Fe®* — Fe®* + OH- 0.05
(14) H;0, + Fe** — Fe®* + OH + OH- 0.05
(15) HO, + Fe** — Fe** + H,0, 0.12

o AR % % fEE - speics ICLTOFEF % H TH 9, e ag=1, H=2, H*=3, OH=4, OH =5,
H;0,=6, H,=7, 0,7=8, HO;=9, F S =10, F’*=11, A/X— %R T 5 species i+ 1 25 7 T TT,
INODLEEE LIBEE TH 50, R Fe? LT %, Species DF A F 3 v 7 2L ROIEFSISD T5
BRI,



(16) dCy/dt=DiV?Ci— 2 kiCiCi+ 250 «xikixCiCr—ksCiCs

Z 2T G 1d species i DIREE, Dy IILEAREL. ki 1E species 1 & j DD rate constant TH Y . Co lTEE
DIRE., ksCiCs 1T species 1 EEE s &£ DFUBEERT,
A I8—ND species DZEM T AL H 7 A5 HETH

5 EARE L (prescribed). F D A 8= — IR

|2 path 121> Tz > TWnA ERELT (Fig 1),
(16) Nz &M CTHS T 5 &, A/S—N® species
DEN T 2B HRNIFET 5,

) P
_/ N primary electron
(17)  dNvdt=—2ZkaNify+ 23, reikseNiNifix—ksNiCs u’iz, —j

Fig. 1 Schematic picture of electron track. The prim-
ary electron produces 0 rays down to the

fourth gener ation. Spheres indicate spurs
ZZT, Z) 3BT path TE OFIP A —HIEEET which are constatnt size in an equidistance Z;

HO. bEIEAS—DEDNY 2EDLTING A Y —T being character ized by the average energy of
’ . each electron path.

HB, FHAN—HEREIX Fig 1IZRTL)ICE

F® path (ZANVF—) TEILILERT S, Thbb,

(18)  fy=[1+{x (di*+bj»}¥?/Z;1/ {z (bi*+bj*) } &

(19) leES/Ll,ES

ZIZTCEsEAN—1D2%ELDILERIANF—, Lig ZBFO—HEOHEEEHICLIY EslEox
ANF-DBFEHETEIEORI AL —H5T,

(20) Lip= fo “Ni(E, Q) (Q+B)dQ-+BeNe (E)

TROLND, 22T, Ni(E, Q EZANF—EDBEBTD lum H7-VHHENLZANVF— QDEFD
BTHY, B(=12.6eV) ZBEEAR T > ¥ 7, Be(=13eV) & FHFHERT » ¥ 7 b, Ne(E) I 1um &
7z ERT ARIROKTH B, NIE, Q < Ne®) EBMOHENEHMEED 7~ 5 26k 5 2 LHT
&5,

Species DEUIxF T 5B HER A7) X2 (1) -A) ITHEVEES T T LKk 5,

(20)  dNy/dt= —2k,f1:N?1 —Kaf12N1No —Ksf13N1No — Ksf1aNiNs — Kaf1aN1 Ny —ksf16N1 Ne (— k11N Ns)
(21)  dNy/dt =Kkaf;3NiNs—Kaf1oN1 N, — 2Kef2,N% — kof2.NoNy — Ksfo6N2No

(22)  dNy/dt= —ksf1sN1N3s—KkefssNsNs

(23)  dNu/dt=Kksf;sN:Ng+ksf26NaNe—Kaf1aN1Ns—K7f24N2Ny — 2K10f1N? +k14NeN1o — k13NeNio

(24)  dNs/dt=2Kkf1;N* +kaf12N1Na+Kaf1aN1 Ny +Ksf16N1 N6 — kofasNsNs +k1sNaNo -+ ki1aNeN1o +kisNaN1o — kiaNsN1o



IT—1 W % #
(25)  dNe/dt=k;ofsaN%— ksf1eNNs—ksfosN,Ne
(26)  dNo/dt =l fu N+ kafuoN No -+ kefoN7,
(27)  dNs/dt=(—ki,N,Ns) —kizN.Ny
(28)  dNo/dt=kiNaNs —kssNoNog
(29)  dNyo/dt=—kisN;Ngio—kiaNsN1o—k1sNeNyo

(30)  dNu/dt=k;sNNio+kiNeNio+kisNoN1o

NS OWA I REIE Table 1R HIHMETHE (Y, A8~ species DFIIE, & Es OfHIZ 7 ) v
TRERTO GO EBRMETORMILE L TROSNIbDTH B, F512 Bs ZELEET G(Fe®™) DR
Bl % e b 5, AT OIS S N2 fEId Es=50.7eV Th 5, o i & B e M R T <
LB BN, T 3 2DYEIZ DV TRIE TRAMRIYIZER2

Table 1 Diffusion constants, initial radii and yields of species in a spur

Species Dx10%(cm?s™Y) ro(A) Go(100eV™H
1. eTaq 4.5 24.58 5.834

2. H 7 11.45 0.65

3. H* 9 11.45 5.834

4. OH 2.8 11.45 6.8

5. OH™ 5 11.45 0

6. H,O, 2.2 11.45 0

7. Hs 8 11.45 0.158

(IT-a) PPEDIK,

ik DK DB A1 (1) - (10) 1A T 280 T iR Z 1072-3x1077 R0 T {7, Fig. 2 12 OH &
eaq DS G EOREFEL A EBRE L O TR, Y2794 ) Y ADEREL L v—HERLT»
5o Fig 3 12B4 G E% degradation spectra & » T 5 172 species DFES GEERT, 77U v 7 GIE
.

(31) GFe*®)=3G(e"aq) +3GH)+G(OH) +2G (H.0,)

TEHETX, Fig 3OGHELLROLNL T v 7 GHEEBEST 2 EBRE 1ZIZTHEETES, /20
O GHEPLNETICTTA T v GEZRDAZ ENTE , FNE HEREE O—FT L v (Fig 4),



Fraction of Initial Optical Density

T
=

G (molecule per 100 eV)

1 i 1 i | 1
o 1 2 3
TIME ., nsec
Comparison of the calculations with exper im-

ents for the decay of e”aq((O) and OH (D)
as mesured by pico-second pulse radiolysis
(Jonah et al., 1976). The solid and dashed
curves show the resulte from the present
model for ee-aq and OH respecively.

20 T T T T ati

151 .
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5 ptaaanl Lot arand o asrul FUTYTI B PRATTS RN EIT] .
187 167 10° 107 107 10° 10

Photon energy, keV

Fig. 4 The integral G-value (solid curve) of the

initial
photon calculated by the present method. The
dashed dashed curve shows the recommend
values by ICRP report 17 (1970). The closed
points ahow all exper imental valies which
are cited in the same JCRU report.

Fricke dosimeter as a function of
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Fig. 3 The inter geal G-values of species in water
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ieradiated by electrons. Numbers indicate that
1=e"aq, 2=H, 3=H* 4=0H, 5=0H", 6=
HzOz and 7:H2

800, y
aerobic
. —_— / — - - eag-
-g__-—\_\. "-.,_ _—'H
- -"-a.. T OH
~ ----K.. ----- H202
--------- HO2
: N 0z-
g N
/ ) :
R ot S W I
Y5 10_” 10,10 10,-9 10’7

Time (sec)

The integral G-value of O, (solid curve) in
aerobic water after irradiated by ®Co 7 rays,
calculated by the present method.

species DU (1)-(11D) 2 I LWL D, A== FF U FO GHEGO,) 2RKD B Z L HIES,
aerobic DK DOBEHFIEF DIRE L ostwald BRERE D HFTE L, 1.48x107°mol/1 & L7z, R (16) D Cs
WCCDERRAL7ze AN—HNICHERET A BB EIZ A= DU CIEDS B I2HE v, FUSICES 3 2 58



WL Tw<{, Fig. 51

12 %Cor #IZ & BEZRT G(027)

YIEKHEFP % b ETHRE, ZOHE

I—-1 i & #

1077

BT G,7)=6.6FE &% o7z (. FHEFRM %M S 5 720 ZILFUIRELL rate constant 2 105512 L
CTEME 34T b N D T, Fig. 5 TIIBBREEII0FIZEEHEL TOREINTWDS), O 1077 LI

e~aq WAL D species DG LT o ) E#MT A LR L TCLW A,
M GO,) »MEET L E X

X, e"aq DHIHILE Gole aq)

BEE% 4x10°8 B h 2 FTO
=584 WBFOWEMOBEL LB, F

72 ORERSEE T, G(0y7) & G(OH) ORI bt L CEMBIIC 2 > T b, Al s, AR agent D
ﬁiﬂ:ﬁﬂiﬁﬂaﬂ EebicEibL w5,

(IM-¢)

7 v rEET

Species D SR (1)~ (15) & TEHATHEITIE 7V v 7 GEA (31) X%

B eniRoObN5,

R LB DIEE Cs % 10™°mol/1 & L7z, aerobic TIXEEZERE% (II-b) & L & L7z, Fig 6 12 %Cory
BIZ LB GEFe™ #Rd, BHFEREEE%1/100& L7 hypoxic D G(Fe*®) % Fig. 7 12T, T

D GFe®?) 3FEREE X<

G value (100eV™")

Fig. 6

G value (1 00eV"1)

Fig. 7
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The yield of G(Fe*")as a function of time, for

aerobic Fricke solution irradiated by %“Co 7
rays,

which is calculated by the present
method.
LT T S ———— e
14 [ — - - eaq- o
Fl——-H hypoxic
12 OH
S R H202
10 Fed+
8
6 ~\
4 b e
s > 7 T
2r e Y
0 Liidmaiz o200 bty S TS R
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The yield of G(Fe3*) as a function of time,
for hypoxic Fricke solution irradiated by
®Co 7 rays, which is calculated by the pre-
sent method. The concentration of dissolved
O, was assumed as 1/100 of that of aerobic.

—%§ 5%, F72 aerobic 5 THE LI DERE Cs %l H D100 O FEIRE R
WThH GEFe™) % Fig. 8 IIRT, BWHEDRENI005127%->Th, $1§THT@W$ yiRs:=]

ZBEDITTEL L,

SR A S DT TH L, MERROEE
Go(OH) 25243127 2R IE 63107 B TH 5 D |
WU TERERE I 107 Th b (BRI

LTIk EBoEEFELHEARZ 21T79),
ULEKFCHERT AKT VI VOIEIZELET
BETRRICET AR Y . 2 ) ORECERZLL &

DEETE L, Thdsh

Aff (2) & (3)ixd % fif

EThrb, 8T, M(4)KHPo OHNESR &L UL
HOATE AR RO MBEH 2 FHHTZ 50, Th 525,
Tomita H"EEF I v 7y Ialb—3 3 yadr
WIDHERIT LTz, TOKR, B2 3ETH S,

16 S— ey
— 0.1 mol: Fe?* /’
14 | eaq- | o
- —-H Co y /
12 OH
P-4 EE R H202 |: aerobic /
310 Fe3+ /
o
<, 8 s
% N //
@ 4 F -
L TUis e
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Fig. 8 The yield of G(Fe®') as a function of time,

for aerobic Fricke solution irradiated by ®Co
1 rays, which is calculated by the present
method. The concentration of of Fe?*
assumed 100 times higher than that of usual
Fricke dosimeter.
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ThbLILEBR O IT 2 7 —FMBENO LD L HEZ SN TV AEEZES & DNA 5 FDO—EHEYIH
DEBMEZHHATE, KROEZE) L2420 OBRFHEIC 22 Z L 2HE LAY, OH OMifag+s o
ILEGRE S OH OB EG3IXI0° B THLE LTI b—FENRTW5E, ML 72IEMEZoL
FHPRIL 2 T2 ICERE L7z OH @ dynamics Z LY ) Z LITRWIFRTE 2912k, fEoT, 22T
RL 72X 912 Fricke DADEE#EZ 5L TOHDFEYEFIELAZ LEMNHLT, MEHKTO
OH DILHEZ ZORIIERRL T, BRTE20b LN nEEZEZ TV,

N. FEEROERICHTIER
HNEZ D DNA 53 F 0 HETHEGEOER 2 —EWTh 5 2 L 2R THEBRITN L O0H 5", DNA 55F
NEEER T . BV ICERLAKT D H iz X A REEROBS & 25 DNA FBEIZE D 7> T
Wk, BIENOZORSIEREHEE LI EENEES S LY, KT HINDHH OH 7TV HIVICTER L,
OH # scavenge T AT NV a— v affv, BHIST 24EWEEYS, 7Vva—VoREIEKELTCERE
RS T B 0ERNT LD TH L, EWEG L LT, DNA —EHHEIH & in vitro AZIEFESL 2 AT\ 5,
K LET UGS LT, EE 5 0AEWIREIC O WTS, EEERABRS(31330% ., BEIEHRS70% &
L TWh, FHEYREOBHIEINAEAD T VI — VOEREBIKEELS, IR OH IV Lo
Fanld 3.7x107° Fb, ILFIEAEIZRI60 A LHERE L T b, AIEICili~<7 £ 9 12K LET MEd# 1o OH
FINNVOPNERIHEETELDOT, TNOEYIBEIIN T 2HENREMRD?S OH 7 2 A VT 5#
BENREREMEET LI LN TE D, BEREHE - BERBBTHU SN TS OHD&EIZ, KLET
R T 30.3umol-172/100Gy. EHRE SN L Z LA GOH) 26BN 5, MR CEREl S N EERR
IR OH I VA VD pmol/l DA — 5 —DH DT 5HZ &, DNA —EHEIET L MMIIEIEIE~D OH 7 ¥
HNVDOEGIZRF I BOF—F—ThHbIEPTREENT, 2O LIE, KT HNVEDRILTELHRE
T ANPTEEEH O 4 — F— CTAEYIRE, ZARER ST I Ltz ons”,

S CHBEERILENT0% £\ ) DT 2 2BREZFHEODTH S I by FRELPO IOERIIFSETH
FVFERINTI Do/, ST TRFHDIF
B2 Z58 e LT, EEEH., BERERICESS
ZEFOBERA THhD, EFIVRE LTHEEGI0 [~ |
BOFH<—DNAGTEED BT, FNIKGTF
CRYEIR WL R%E2 5 (Fig 9)o DNA %
BT 2 EF OR300 THL, ThHEDEDE
FI SRR EER A L Ch . FIULEREIER T
Do RIZKGTFTHBH, KTk DNA Ol

LG L-HEE (B EA534A) OF 2, DNA \\\\-~_ﬁ__#,~#/~////

BT AL OICHEAT A LTS (Fig 9)o DNA Fig. 9 Sechematic picture of DNA (decamer), hydrated

Rc=60 A

]

H=34A

SN _ ke s - water and bulk water. The followings were

D& BHMAFERI(=7.54) OFFBL AR assumed: Rd = 7.5A. Rb = 17.5A and Re =

b, BEERHICES T KT, Lo 60A, they are radii of DNA, hydrated water

M OA% OH HEEEEEPIIZ & 5 K F 0B L + and bulk water within the diffusion distance

OH radical, respectively. And ob = 0.16A7%

e, Thbb, HEROFEr ¥ RA<r<Rc(= and pc = 0.03A™° were assumed to estimate
60A) DI DIERBICHFAET A KGTF ORI L % the fraction of fraction of indirect action.
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Bo N7 KO 0.03A7° Th 50 HRDOBEIL12491 & 72 5, H6-> T, BEEHO L
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BIRTVHNOWEILD BIEEREEL RS, TNHKT VN O—D—D T F M 7 scavenger % i - 72
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FHZ OH 7 ¥/ WDV TRT & /2%, {6 LET B CREAIIMGEA & LTI E LTV 2013 O o
s (RIS 4 &, 30.3umol 17Y/100Gy 127 5, OH T 2 v pmol- 17" DWEED 4 — & — TGO
BRI R BT D L BT A BN AREOBBET ST S Lich bo SIUHATHILE
W5 & BRI AD A v £ =YD 1 D Th b

I LET KUl C o BIETERILEAT 70 % T 5 T & % R OBEETHT 5 &, DNA O A7k
HHEHPRI T TFICEFELRETE LWL ORENE L, TAEINT T MEIssh

Boh i ETh Y | SRS & T b R EIIC & T b kD B/ HEHRE TH S &
R
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Environmental Stress and Active Oxygens

— On Global Environmental Destruction —

Masaru Sagai
National Institute for Environmental Studies

16-2, Onogawa, Tsukuba-shi, Ibaraki 305, Japan

Abstract:

It is well known in the field of clinical researchs that free radicals or active oxygens produced
in our body cause cell injury and some diseases.

On the other hand, the free radicals or active oxygens relate also to the destruction of grobal
environment. Here, the mechanism of ozone (layer) depletion, grobal warming and acid rain by free
radicals are described. Ozone depletion is caused by three kinds of free radicals such as HOx -,
‘NOx and - ClOx. In this case, - ClOx is the most effective species, and it is derived from chloro-
fluorocarbon gases. It is known that CO, gas causing green house effect is produced by oxidation
reaction of natural terpene with - OH. Sulfuric acid or nitric acid in acid rain are also produced

by the reaction with *OH and SO, or NO..

1. #&
AN E, KR, SRR, KRR oo L) RS 2 IRV RN 2 0 . BRENE Y
DT E O & MR T2 L o T, AN TIERBRESL 7 ) - VI VEEL L, IRLHE
ISR A P LA E R ) BILORERHA B E 72697, SO L) RiEEHBE, 7V —-5Y%
VELTETHICRT L) 2T oNnTh5, EfE7 VA VT, GMIEIET VI VEFTH S,

([

072(HOO"), -OH, -CIO, -NOx, RO+, ROO- ROOH, 'Oz, H20,, O

L BRI SERT - REGEERHIZE 7 — &
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=, WADVEFTHHIRS T2 0 L& FUERERSL 7 ) —F VA VIC & - TRAZIFRIC)
Mo TWh, RETIE, HEOFER, Whwa 4V VERE, IR X U & o BEkEED
RBWIERZIZOWTHERR, 7)) -9 VAV b Y 2ilix/zvn,

= RNVEEBFEILE > THROTHLOB R TH 5, 1995FEED ) — N WALEE X B ZRILY
(NOx) 12k B4V VBHEDOA A=A LERB LA T SO P ] Crutzen L 702X BF Y
VEWEOA N AL EEHLHIZLIT AU A O F.S. Rowland & M. J. Molina +H 1285 & h
720 TOFEEIF, J—SWVEIZINT TORMBIEREN 2ATFRERZT T RN BE~NOFEHD
BRI AR Lo, MEREORERED, SHIFFICERGZMETHLZ L HFOALIC
TE— W LbDE LTHEEREREHF->TWE EEDNE,

2. REBBAYVBOREE ZDORREIZETET T AILOIEE
2. 1. REBEIBTLF SV EOME L4 .
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Fig. 1 The history of the birth of the earth and the appearance of land-biology.

Fig. 1 1Z/RT £ )12, HERES 0 6 MA6RETRRTIZHRA L, € ORE27 ~ 28(4E AT 2> & A A5
L7z, COEOMIK EIZIEKED S ORINEATR D 22 X, BERICEMIZEFTET, Ronzke
HEMDPEFLZTBRECH o7z, Z0%, TNULAEYDHEL L, H20EE T L2 O GERAEW DA L,
COEYNZ L o THES NIZIRED. KEGRD 5 DEINEOIER 22T TTo (1) & (2) XTRT e
Lo TAH I ICENL, HEFIILHIAOBBEICH V VEIERENTELLEZONTVS, &
PERBE O U RBARICEAT A Champmann BV Wb TWAE LD TH A, COREBELT YV VED
TERI & o TRED & OEINESBE N, 54 ~ 5 EBERNICHO CRELICEME PRI L, Fifto X )%
ELE EITFTE,
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I—2 BEADVACIEHERE —HEBROREIIZIC OV T—

0, + hy (<240nm) — 20(P) (1)
0O + 0O O3 (2)
O3 + hy (200~300nm) 0O+ 0. (3)
0O + Os 20, (4)

Eie(l) e (2)Ric ko TER L 0513, Lo (3)RRT L1, BT L o TO & 0, 1531
T2, LHAL, SHEFEC(2)RUICI WV ERCF VY VIRIOTELEN 4V VBB & 1375 2w,
L72%%5 T, Champman B TOF V' v OEBEBEIEIL (4)RKDOAE LR B,

AV OWEEIL (1)~ () ROEREFHRONT VAL >THRED, L2OFEETIONT Y AW
WMOTR RN T Wz, & 2AH, 19744E12 Rowland HVIE 70 B AIZHRT AIER T VA a4
YOO (4)RAEZLMETLE V) Wb F VYV UVBORIEEE) BERLBFELRE L, Lo L,
Rowland 52D 7 10 v A A OQEHERME T OREFZEIL., BTHEIIhlzo TS Lo oiiE 21t
FLTHBT2EFRL TS L, 202AEF V VBEICENZELOIRES R SNk b - 2 F
o, BT LAECHEROERHT L EIATIE AP o7z, L 2AW, TOBTEL 219824
IR OIERIZE D 122 CRUBRE A4 vV B OIRESFERICENIET 5, wWhwad vy R— VT HERA
DHEEEIIZE o TROWZEN, MBI EDPDIES>TTF =y EGBLIZEIAH, FLFDETO
AV RKEL o T0B I b, HRPFREXT245HOEBIIVzo 7,

2. 2. FVUUVEBKEATXREITTY T I AN 3 K
T ONRERETAWEE L CE 7O VICHERET A —BLIEET VAL ((ClI0) EELRODZED
DTV HNEPBRO CEETH 5,
HOx-. -NOx. -ClOx
HH, ZITxE0, 1H50VE200TNHIDELTHE, ZND=WEEIE, wiitd AFOAEN
THHER L., Mgkl 2EGEZE L0 RE L EOMITRIERHEE > P MsnTwb,

(1) HOx: Y4 7LD FVLOHBRIS
HOx YA 7 NIC & B4V o0 (5)(6)Rick b, oMz T Lob EniEt(4)ick b,

OH + 03 HOO -+ Oz (5)
+) HOO- + O ‘OH + 0, (6)
0; + 0 20, (4)

B, (5)FKIRT -OH 1Z-0; DRIC L o THEUZEFIREEEZ O OCD) & lEE Ky (H,0) &
DFISTEET S (FIRT 7). SORBRERNTIRIS N TOAaWA, KA TIEIERE IR#IC
BEIAEELR OH (v FuXx oI I h W) EREILTH 5,

0(D) + H:0

2-OH (7)

(2) NOxHATICELBDAITDORBRIGY
NOXIEEIETOLRLL T I—=FTHANTHY, TNICLLFT VORI > TR BY,
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NO + 03 'NOz + 02 (8)
+) ‘NO; + O ‘NO + 0 (9)
0; + 0O 20; (4)

O A7 WVIZEET 5 -NO ZEFRIEH 2 & LIER THEIC L 5B CEL 2 HERILER (N.0) »
HRDA0)FUT L o THELZYL D E(9)5 D NO, & FEFRIALERE OBRBETE U7 ABIEENICHR T
BLDN6%R5,

‘N.O + O(D)

2-NO (10)

(3) “ClOx ¥ 1 7ICEBFV L DRBRIEY :

CIOX YA 7 MIZX B4V v OB RERRIC L 5, 28, 1DRUIRT E£4 - CLEBEER T2 Lo
BRI L A HCLRWEED? 5 O CHCLEBRERDO L Db H 575, 19804 HI T ColEBE~DEHZ AL
MEBOIO%L EEZ 70y HATH 72 HEEEINTWE, ZOBICEES T -ClO @z B o Fii
BEMEIH2FEHEmbi, ZOBIZ1IMED -CIODFH» 1L A~100ES OF Vv 23T 5 LiEES N
TWwb,

Cl + Os —— -Cl0 + O, (11)
+) -ClO + O Cl + 0, (12)
0; + 0O 20, (4)

XS, 7R OS5 TAFVYEENE COHRNOx DL I BT VAN YIEEPIIEL, #
NED 6L EEEZLONTVS, B, TOIIICHRN TV VIHEERA2ETAEZI VAL (-C)
RO (13, 14) Ro70roFaRIcL > TER L, #0011 RITRTIETE V> O45fEx 5] &
9,

CCLF(¥-11) + hy
CC]ze(F-lz) + hv

‘CCLF + -ClI (13)
-CCIF; + -Cl (14)

2. 3. FVUBHIEOL N RUARBERNOEE
CDEIBRT)=FIVANFIDC L2 THY VEFBIESNS &, IR EOAEER, H2VIEZFDOHERE
BROFIZEE TV ABIIED L) BEEPENLTHA )07 R bOEIZE—ITFELADE, S5}
WO L B2 EBIFEOWEINTH 5 5. EEREEFTE (UNEP) 1319914FR 12, BRI O+ v 8 DRk
HZOF FHEDIE, FE20004E F TIZA S YBOI0% WA L. E07- 0GR RE A ASESRIL26 % ¥
THETML, $72, BT FORERNEZETSEL2Z LD HMOEN TS, TNIZED, AN
A, %) YR EORREBREIS T AEAANET L), REFAUNOIADFEARS LA
THUFEEILE SN TV S, RIVEOBINIBRIREIZH 2 24 X7 A VAZE LT 22 b6
TWwBY, /2, TA X7 A4 VAOEERENTEEBRECTHBIDEFES LTws 2L dbifiFsn T
VBT, B, BIMEOBIMIEOHAEAEINS ¢ L ST,
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3. 1. MWEREBRLOKE 7Y —F A

AH, HHRGPBETIANVF-FESA L, Fig 2 1R X 912, FIIEREToLEBED O
KAEE S KEH CO, oK &, BEEE LETOANBRIES 5 W IZEB G 2 I L 28R\ L g
KA TARDHE S, CO WA I 2SR T 2 2 & 2 B2k » T, KA CO IEMN EH L, 2tk
FRRAMIEL . MEROFER LA, WEFEREO LA 76 L720 K, KEORELZREZ L, K5
KEROHTE A L7256 L, BEALEFISRITEZLON TS,

HWEROIRE LI, D X5 2 AMATED 5 W IZEEGRESICHK T 5C0, DAL 53, Fig 31RT T
ECIEAY VEALKFE, CO, 7ur AR ICEFRGFTEZM SN TwE M) yunrFLy FhI/0
DIFLrdHbWIEHRHRO 70T A7 DX BT =R, & 5VIEHEERHED 7 v~ 3,
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Fig. 2 The causes of earth-warming and the effect on the climate change.
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Fig. 3 Natural generation of various green house gases and their appear-
ance by photo-chemical reaction originated by radical reactions.
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Fig. 4 Oxidation reaction of methane by +OH in atmosphere.
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3. 2. WEKEB Lo v N RUERRNDOBE

BRI ASTEST§ 5 & | SRIMROEMOWE L FRIC, T TRERPILD A ERErfBE s Tw b,
7ol ZWE, TYTHITIE, v T ) YR T v S B S ORGSRIAT AT KITIIL AT Y . IRR O TR
Lo TIEHALEEINA WML S 5 L FHENTVAE, $77, WEROIRBLIZBHI 2 SR8k o
FERM L EEEL OBIE R, WLERD 50 I3RS RAMSSEDIHTN ADIEE RAEROEL § 7
55,

F o, WL T UL, v POIRRIES ) Th L, WEROKRERAEICL Y BIEYOEREICH K& 2
TH LRI, KEOREFHLZSER SN, BEICLZ2 POREEELIHMINT 2 Z L TFlls
Bo T, BEREEA AW E OFBEGRIEIG £ U L IRBE T < RN D & v ) HE LRI Lo
RGBT R LT 5D, 72, I BREREOFEEETIEORBELD 5 T ED LB A
DR ERORFERELEERI L, A\MOABAEOE L WEKTA2BILbBEINTHD,

4., BBERET U~

Rt HARZH CHURCHBEOBIEA SN TS, & 218, EOBESH L L TaEWEHRIIE
W O BB EYRR A ZAHR D NO, % SO AR LCIRIRDTE & %2 o THHEEDP LR T A H HIIHE -
KEIGEEN TS, b L2T5L, wWeEH, REZEFZOMEOE T TITHLVEHOER L BV
BLTHE>TWBEDOTHD, $7o, P ERCEESORBHEOD &F LW IFELOKR, KEoki
B (%) HARICETREL TV D, 2B, TR CHMBARET 2 Dld, SO, 75 HeSO0, 12
% B U EATE WO T SO, DRIEHREIRZ BDTH B, —7F7. NO WIRIZZE D B JUIS1E i
A F O CREHERS S N ARNOEERSICETLTLE ),

4. 1. 7)==V HNVREIGI X BEEERO AR

BRI R BRI DB ZTEMRESL 7Y — I VA NVRIE R LTRER L2V, 207 ) —=F VA IVOHFTYH
WROBREGHEE R L TWEDIE -OHTHb, -OHIF2.2IHIZR L2 L9110, KARFTIE (7)) T4
BLTW5b, Thbb, BIMRICL 24 VY55 WIEEEEOSUL T4 U 72 EFIREESE (0) £ Ko
A4 (He0) EHFULL T, EFE 25T -OH P AEL S, CORICEREFRCRIFFICEELSTH 5,
29 LTHERLA -OHIEAREH D NO, & BT %, NO, Of2F413 (15) :U2 & » THNOs 2% 1) |
HEDIT(16~18) IR 4V > EDRIET HNO; 127 5, % B, NO, (ZKIHD TET T 5w T,
INEDFIGE TR TREBRIETH 5,

NO, + -OH HNO; (15)
N0, + 0 ——m ——————— NO; + 0, (16)
NO; + NO, N;0s (17)
N,Os + H,0 2HNO; (18)

SO, DRI 72 A RS IERE E B T A2 FokZ 5, RETORICIZ19~21) IZRT X H12, F0
100% 7% -OH £ OB THRZ 5,
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S0, + -OH HSO; (19)
HSOs + 02 SOs + HOO (20)
SO; + H,0 H,S0O, (21)

—J. SO IEIEFITKIZE TR TVOT, B TOMES EET22) & 2)ROFIETEL S, O
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SO, + H,0 HSO;~ + H* (22)
HSO;™ + H.0. SO, + HY + H,0 (23)
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btV v BHIBIZ O RS A5 d 5,
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4. 2. BMEN (5B) O P RUERRR~NOZE . Fig. 5 Atmospheric oxidation reactions by -OH
WL R O HE BE T 12 T VB4 B b o & 70 B2 3 14 R0V a'nd generation of environmental destrac-
) tion gases at the grobal level.
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Chemical generation and detection methods of active oxygen and free radicals

Masahiro Kohno
Application and Research Center, Japan Electron Optics Laboratory
3-1-2, Musashino, Akishima-shi Tokyo 196, Japan

Abstract: ,

Free radicals such as superoxide anion radical (- 0;7) and hydroxyl radical (- OH) in living sys-
tem contribute to the defense mechaisms needed for killing bacteria and viruses and immunity. On
the other hand, active oxygen radicals may also be trigger for some kinds of acute diseases and
contribute to the degenerative disease of aging and cancer. Therefore, it is important to establish
the method for detecting free radicals. This report describe detection methods of -O;” and -OH by
using the ESR-spin trapping method, and generation mechanisms from some chemical compounds.
The inportance with research of free radical related to active oxygen introduce using information

in the living system.

1) # &

R, EHREMES 7Y —F DA VYEOEENEENIE LR E o Twb, BRI, [HHERFEEICHE
ENDA=NWN—FF I FT=FTIHNL (-0;7) L Fuxvs Va0 ((0OH) BEHEOEE, B, -
G EORRE 2B EMELNT VA MBI, EGOMIFICAT R ABEST (C0,) . MEMNKH
ROMFER T & L THRE SN —R{ILEFR ((NO) ., XFORETH L & sh b _fibEFR (-NO,)
REBTY—FVANTHE, 7U—F VAN, “FHETE—2bs0iIEZ YU EEOET25T
DR TH D, BORSNBEEREE L I1EY, BICEXES LAz, &8A 4> (BRE
BALEY) (2S5 Cu*, Mn*t, Co**, Fe’*, V**, V**  Cr**, Cr**, Mo*., Ti*, &b, 71—
TIVNNDERLHMEL TV 5D, FBRA 4 ¥ EFERCEHOHEAOICHFE LEREROKE 2 H o Tn»

HABFHRA SO IR Iobst > & — ESR IBHATER
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5.7 BlZAE, -0, OMEBE (RMLRIL) (CUEOBERE L CERNREE %iH- Tnd A— =%
FURYRALY—F (SOD) 123, Cu, Mu, Fe ® 3TN H 5, 7o, BEERILKFE H0,) OMHEIT-
TWwaHhyT—¥, E6I0d, 0, DENERLEHEZIT)ONEFOE L340y, BERYFHEL
THERIANF -2 ERHT U 7B L Db, Cn Co BEEZFIH L CTERBEEZIT) > b7 T — A bsss,
H0, #FIHT A2 F ¥ 25— B, BEFABERY by o— L4 pd50 2 L b EEHLIE Fe Th 5, &
WCBRRIZZE D WIRED 7 ) — T VA NVYEN, EaOEEIE Lo Twb I EMFHFES NS

IR LR T AT ERMEAEYIE, SEBEEREOOMITE,) T, KEFD 30, 0FMIEHR 5> T 5,
B, NS, BRI 20, 23R K CFIHT AL A T b EFERIC, KEFBET S (GO, DiFH)
DFzDIHN B A BT E— R e B2 A, Lo LUIFREEDIL, "BERE" E SN 2 BRI E -
T, “BIL” OBEFZEEI L Lol 2013, HIZVHEICL 2D “HHOR LE25,

ML, B, BB, BRI EWAER R &L FERET, BEREERShATwE, BEFO—D
ELTIERMEESEE SN0, 19694, v v a—FE 71— FEvFi2ksSOD DR L
0 DR HTHB, HETSOD 2 -0, 2 LHETHHERELTHF T ABEE (10,7 — H0,) T, &K
ICHAL, A o8WoBEEm BT 2 el sh, EGUATREBZEFHEIN, 20
W2 A5 LT, SOD BgeaNEss b L, A{bFM Mg k4 LSz Sz, Lo L, AL
BENISHCTORMARBEEELER 2" —H. 0 OFHllE (P hru—2ciE) PHYLLAEZET,
0. % 0,7 WCBALEEBFH A XL F—H¥, ¥ 870~ L4 bssg 0 EOBEROWEAGEAR, EENTIL,
‘0" DERAERDE, FFICHEIERICLETHES 200> CTE&7z, SOD OFR» 5 20 F£2 8T,
SOD iz, -0, %, BER LA, AEMEENICLEOWETH L Z EECHEBENT WS,

‘0, FAEBEMLEET T, HOORERIBIZ LD H,0, £ 25 2 LRI N TS, H,0, 1385
IR LTC -OH Z£E L, EROBELZEET A EFRTHEI LM ELN TS, BEFEEIE, X—(1)
CRTTEEBREEREBEHRELTERLZ -OH 25, IRE (LH) fEALC. R-(2)DRES Vv ek
B LERT S, BET VNP0, 05FUL L., @8 Yhn (LO0-) %, @ty (LooH) &
b N~ (2)~A—(4) OEHENIER (BBIL) CHESh T2,

302 — 0y — H,0, — -OH - ( 1)
LH + -OH — L + HO0 e (2)
L- + °0, — LOO- e (3)
LOO- + LH — LOOH + L- - (4)

K= (1)DHFT, Hy0: 225 -OH Z AT AHIEIZIX, 7= b rdHb0iEN—n"—T1 ZLIFEINL
2ODFIBRSRIBENT VD, EEA 4> (Fe’) & H0, 12X 2 HEMEEN 7 = v b ¥ B LT
TWwh, —F, -0 ORIBIC L B HEREEN N — N7 4 AR EFENR TV 5, “ODEREREICHE
S hEmIE, OH OMEEDIETL L TWHEWEICHIZEE SN2 LA ERL T, N"—1"—T 4 287z
YRS EEBEEHOG AL R VWEHBbH S, b L. 0,7 -OH OFERI L RHEA Y S v,
COX) ELSHHINDLETHS ),

LB L B EEEEDOBIEICS -0, -OHOMEE R EZ 6N b, LERE LI, FF 2R L
TVLEFHEOEEITINTH L WEEEZERT 2 L) EFHOMREZ NI L ThbH, HHBEERED
ERGRIZIE, R EF U Fr (HPX) & XU F rBLER (XOD) ORpe=aF >y 7I 7 7=
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X7 L5 K (NADPH) & NADPH BRfUEEE % EBER 2 H W ERUE L CHIS LT b, YR,
BT, BER., (LFWEORILNIIE, @BRA A 28T H 5,

{EFWBEIZ L A7) =T DHNVERIZ AT a— F(XAFVEFT—F V) 6 —b FaFxy =83 72
FUUAFTPINT 2= PN TRty WMERETHFREINS, (LFEWEICLS -0, % -OH DAL
FEREOIZEIL I B ORI & S BE L TB ) (EREOMII A AEE 2 T 5 L CEETH D,

AR EFE L, IR RO ERGR L 22 BIH5 5 RO O LRI TW 5, BRI, 0,7,
H;0, & -OH o#lfl % ¢ 5FH DT E % SOD, Catalase & 7V % F4 ViR (BB vsy 74 > B
ByNgFAr, TVEF+BLBER, FV5 T+ BIUEER) 2 CERRSVPEETH L, Mzd,
WBHEOEY IV, €¥ I C EFYIVE, EFIVEK, EF IV ALESEELREEZH->TND,

AIETIE, 1) EHRERE 7)) -7 VA VIEOBMEZEL, 2) 0,7, H.0. & -OH ofb5
HI2 X BN EREEEOMRE  3) EROEFHL 7Y - I VOB, IZowTihRG, &5
VISR EER 7 ) — T VA VOEANEBIIERL, EaRoRFME L L CAEOREICERT 2
T LEBENT B,

2) EBRFAEEHES

1) F8ER, -0, OERGRE LT, e RFYF > HPX) &¥¥ > F U BLEEE (XOD) OG, 7=
FYOUASHF VT A (PMS) L= F YT INTTZ X7 L4 FF (NADPH) OFUL% Hvi7z,
F7z. -OH OERGRIE, BRERSE 18k (FeS04) & H.0. & DUz w7z,

2) B, 7V =7 VA NVOREILESR A HEELHNTEB I A7 ESRICK A 7Y —F I H v
B3R E BEO o0 FErd ), RN E R (77K) CED, 7)) =T IV h IV ERE
fLLEE L TWwb, ZOFETIE, OSERTICHERFLL EORE (107°M) 07 —F IV h VPR T
MEETELTRIBENG, —77, MEREERR, AEY FIy THREMTR, 7 =7 I 7L ORiRHAl
FHWTEEGO 7 ) =V NERL, ACCTF 7 FEIFENEEER= b4 F9 4 FIZEBRLT
WETHFETHL, ATy THIELTHbNERENZIEWL, DMPO (5, 5, -dimethyl-1-
pyrroline-1-oxide) & PBN (a-Phenyl-N-tert-butylnitrone) T&H 5, -0y & -OH OHEIZIL, DMPO 27 &
ELNTHDE, ZOFEOFERIZ, AEYTH 7 M REATAEHETT, 70— NVOEREIC
WL CESRESEINT A2 LT, JIERATOERREF 10 M U T TH- THHRETE S, AE Y
Ty FHEEEBELOBRTH L7200, BMIAY YT F 7 O DMPO-OOH % DMPO-OH O A4
<, EMIZRIT A, DMPO-OOH 7* & DMPO-OH #8445, % E0HMEL»H 5, Lo L, ko
\Z & ) DMPO-OOH 1134055 LL E, DMPO-OH Ol & B Th 2 Z LSRR S NLTHB Y, %k
DIEPT TN OBENTH LI EPHERENTVE, LT, 727 FOERIZLD -0, & -OH®
ERDVAREE b ZEWHRENTWAY AEYTH 7 hoEEIE, arYa—s &L, E5D2
[FES I & 2 ERLEBGECfT b, SRR L LC, BEAREOZE 7 —F ¥ 71 )y ® TEMPOL (2,
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3) WREER
(1) WFRST (0 DRED
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Spin adduct
(03)

(4) -0, & -OH KT 2 IHEBRAEW E 0 3k
ESR-AY Y b Ty TiEEHWTEBEOREA DR
T -0, % OH T T AHEERERL O,
Table. 1 TH b, ZOMWELEDEIHIL, Fig 9/”"L
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A : DMPO
6.9%X10-'M

Concentration of reaction product/yM

&

B : Cytochrome C

yH—24c, NBT, TEH 71 ¥k it Wk 5.3X10-4M
WE ORI EENRKE 5, ESR & EALFN R F ik o
TRD 72 2 R EEER % . Table. 2 & Table. 3 o 1 2 3 4 5 6 17
IR L72e TOERNPL, EEREGO -0, O ER Reaction time/min

REMEORMEE LT, P LICEBA A v 2> Fig.9 ESRIETRDZ 0," A YT 57 MEBE
PR RO B = & SRS 1L i ARSI Ty e
(5) -0z ORTHEMFIEHOMEE

‘0 DEREHZERT BT, 72 v FRIED, N N—T A AL KER DT LR b,
‘02" OFEEREEI I T RGO E->TB D, ZORRE L TH0, &R T 5, ZI060 D0
FISHEDRET, -0y & H00 SFFTIUE, N—N—T 4 AL T -OH 13&EK T 5, PMS & NADPH

Table. 1 -0, & -OH 33 B KA MEHERLA o F=HE?

Compound 0y -OHY ROO-© RO-?
1-Ascorbic acid 93.3 70.3 0 0
p-Isoascorbic acid 100.0 100.0 0 0
Sorbic acid 0 0 0 5.8
Protocatechuic acid 63.3 0 10.3 3.0
Gallic acid 96.5 0 0 28.5

Measurement conditions for generating 0., -OH, RO-, ROO-
are shown as follows. a) 027", 2 mM HPX-+ 5.5 mM DETAPAC
+0.4 U/ml-+0.7 M DMPO. b) -OH, 0.1 mM iron (II)-DETAPAC
+1 mM Hz;0:+0.92 M DMPO. ¢) ROO-, 1.0 mM iron (II)-DE-
TAPAC+5 mM ROOH+0.07 M DMPO. d) RO+, 1.0 mM iron
(ID-DETAPAC-+5 mM ROOH+0.07 M DMPO.
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Cu, Zn-SOD* 7.5%X107° 0.00024 1.6X10° ~2%10° 5~9.5
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~FAINE S 3.4X1078 0.0060 3.5X10° 2.7X10° 7.4
DEPO — — — 1.8X 10 7.8

XD LA ST EE RV D Cu, Zn-SOD (32,000), Mn-SOD (40,000). Fe-SOD (39,000), ‘i u
7 A3y (134,000), TAINE VERAF 24— (140,000), F M7 B A ¢ (12,400), ~V A F 25—

¥ (40,000), # ¥ 7 —+ (240,000)

OV F F Y F—F compound I & OF E DT RFICHEEERTH S,

Table. 3 -0 ICA5 % 2 REoHEEH (LF—ELFHRBEHE)™
5 7 T > e
stk O R %(if) w2 @E_‘f_’ffg i
a. FRIZO—L4bcDBET 2-5X 1078 1.4X 108 <745 Assel
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1.1%x10° 8.5
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d. T¥Ax7Y9 ot GESEIE) 1.5X107 4104 7.8 Asgo T
e. WRMEROBEL GESERS) 2-4X1072 — 7.4 0, uptake
f. FLEEMI/KEEZE-NADH OERL 4.7X107¢ 3.6X10* 5~7
GHEEH ) (LDH) (057)
1.6X10 1.2X10°
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AR 720
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In Vivo ESR Measurement of Free Radical Reaction in Living Mice

Hideo Utsumi”, Keizo Takeshita”, Kazuhiro Ichikawa”, Yuri Miura?
YFuculty of Pharmaceutical Sciences, Kyushu University,
Higashi-ku, Fukuoka 812-82, and
2>Department of Pharmaceutical Sciences, National Institute of Radiological Sciences

Inage-ku, Chiba 263, Japan

Abstract

Recently, free radicals such as active oxygen species and nitric oxide are believed to be one of
the key substances in physiological and pathological phenomena. Formation and extinction of free
radicals may be regulated through bio-redox system, in which various enzymes and compounds
should be involved in very complicated manner. Thus, direct and non-invasive measurement of in
vivo free radical reactions with living animals must be essential to understand the role of f{ree
radicals in pathophysiological phenomena.

Electron spin resonance spectroscopy (ESR) is very selective and sensitive technique to detect
free radicals, but a conventional ESR spectrometer has large defect in application to living anim-
als, since high frequent microwave is absorbed with water, resulting in generation of high fever in
living body. In order to estimate in vivo free radical reactions in living whole animals, we develop
i vivo ESR-CT technique using nitroxide radicals as spin-probes.

In the present paper, I will introduce in vivo ESR technique and our recent results concerning

non-invasive evaluation of free radical reactions in living mice.
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HEANTIRESFSELRTTI) =T PHNVPERT L, ERLET7Y) =5 V0 VIEEEERD B Vvidht

VIUNKRS: SRR VUSRS AT S L

33



FOTEBEH OREL T2, ERPWE LA ORL 21T S IZ X W4 2 ERER 2B+ 5, 1
k, ERND 7)) =5 VA VRIBERBREANE2 5 OBEHETHER SN TE 2, Lo L, IFFICEMLE
N RBENLICORER 2 L ERN 7 ) — I VAV ISIERET 5 2 EEASREY S 5, £ENT
BIoTWBE T —F VI VKIE 2 BIBRT 5700 3EALT L 2 A X RETT VA VEIBEIET 5
CEDPARHARTH D,

ESR (2 electron spin resonance (FEF A Y Y ILME) DOBEFRT EPR (electron paramagnetic resonance) &
YIFIN A HALBED—2T, FHEFORE Y 2WENEE LTWwE, FETFEZEORENWE I
ITEMBERLERIERFED TV A —BLEFR (NO; nitric oxide) ZED TV —F IV H N, BEREREN
Ho, PTEFIIFRELAL, BEAOL L TOWREND L7202, #HHEPICBINL EE—v 5
LD ZFOIANF—IREBIEIRERELALERBIISET 2, 221202 5 WIREMO T AL F—2(12
YT AEREERETALEFAY VIZFOI AN F— 2RI L TEERED O RN EIREEIER T
b, ESRIZZOBHEOTINABHMT 259 NETH L, 2OLEZOT RV F—EIZ400mT OFFFES C
10GHz (10"Hz) E D, F7:40mT OFS CIZ 1GHz BEO~ A 7 04 L, NMR TO 710 b~
DY =<y FERICHRTHABRKE V. ZDELHVSN TS X-/32 F ESR 643 T1d9.4GHz O F
BE~A4 70 EHVTwh, ZNEZORBREFEPBRE LB I UCEEOEE LRLUIFHETH L LI
b, L, TOX)LEEAEO~A 7 0iRIEARD L) BFEEORE WEEICL > TRIRE NS,
R R E 2 12, KRR EOERESICL DA 2 uiEoRNATR S B, EENANOY A 70
BORBUHMET L EAREAEZREIT, ZOFE, 0.lmUTE I LEBORBLAHETER Y, 22
T, KRG EAXA 7 0 ORI LB D 2 EREEO~ 1 7 0k % A7 AEFHIE ESR 255% &
niz

FRCTIE, ZOEMEEHIAH ESR # W TH A 2T - T E-0ge % b o T %,

. 4{&&HEIA ESR

HEERRD T T H V%D T in vivo JIE L 7201319754, Piette D7V — T TH B, HHIEAL IR
NVEEZRCTE DL EFRBEEDE O ESR MIE LT T ads, 7y MFERIZA) v 7 2a 4 Ve
HL, BEAHZS L=t axY FT U VOHERET X832 FESR THlE L7z, ZOHEIEIELBRC
HBHI2O XNy FCHOPETRTH o7, L L, 2 A VEIRGICHIERMIH AT 2 BEMHET
BES LR, I WERB ST,

HARFDS D% invivo ESRIIET 7201213 KICE A< A 7 0o EHZ 2T hE R b2 0v, <
A 7 DR OFSF EBFIKG O ) B, ESRME IS IIMA RS D LE T, BRET ERPEMT 2L~ 17
OEOFEBREE S 7-5T, HAED ESREE CTIREELEHO S 720 1 Z50EHIlE I 12 22 W B LR R &2 A v
TWwB A, ZOZRERRS CEEE L BRI PEM LS Vo T, REEFHITE S 2\, EAFH
F ESR IZIE~ A 7 QIEOBSHT 7SR T IR VERPLETH ) A7) v b - ) 7FHIRSER L —
T Fy o TR U 2 T U MRS EIEREEIN TV L, X, HRETHV RV 0L LT,
AN T ATAL NPT =T 2 AL NHH D,

—F. KOFBESHEIFEICL B LFEBREOEDN B33~ A 7 DROBHEEICH CRE L, R EEREK
i, BlZIE, 1GHz O A 7 uiEa v 5 EFEBREIEL (RRE b, ZOBEEEBIZL-N Y
FEFREI, ZOESREEL L-/V FESR &ML T 5, 72, Bl TIIEICERBEEED ESR, # 2
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Wa RS 7 T REWICRET 52000 —TF vy TV R — 5 —FRPEHEN T 57, &
DEERED &, EEROT YN N AE I ORE E WERNE TS, B2 Tk ) I U
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DI TIE R vy,

BUE D AR ESR ORSEEIZBHE O X Ny FEBOHT 5 O—C BMWHFETTIE S HIZE R B,
F DO HERPITRE LSRR S BEER L COMEFHEDE* BEHNET 20 3WETH 5,
HEARNTCREE L 72—BILERIC OV TIIRBRT 2 L) 10, SRR T 2L THETEL L)1tk »
Pos | ANEERTEEHRREIACE Y + 7 v THRICL o THREBRTE TRV, 220, BEL= 1
FURIOANEEG L. EOY 7 FVEALHD O MBS VA VRIS E NI 2 TTES RO LT w357,

ZMEFR T RFT I H AT A OEGNIRIE TR RIS, PUBRILA 2 S LU L, EOF B
HELAVER LAY T2 ZoEEBREORBED-DC, BEECKBEEO=aFs FI5U7
VIR E AR A G 2 WEEH 5, —FH, BILESNe FOF V7 I VdB(LBERZROEH 2206
REREETH = b O XY P UM MICBILE N, Fl2 EET 5,

Fald, SO taF T FIUANVOWEIERL, #E€%2= b0 FXF Y KT IV EEENICES L,
FOYTFNVED S BEMICERN T Y —F VA VUL EEHE L7, Table 1 104 DAY v Ta—7
ELTHwWTWwS = aFx Y FIIUANDO—5EERT, EWEHRHEGRER>O T -T2 v gaic
WBRESMTOT7 ) = VA NFILEFHITE 5, T, MBEEEo T7u—-72FH3 2 L, #ilge) R
B, EWRREAL CORNBE 2 T T E Y,

N. ZbOFSRTO-TEHWEEERT o
U =5 9B RIGOBEH o 5 “
Fig. LI2ddY 7 A= a3 FI 900D 1.0mT

—5C# 5 Carbamoyl-PROXYL WA+ B#IR

WHG- L, FFBEEBAL 2 APl cillzg L 72 & & @ ESR

AN PVERRTY, = baF T FTTHNTIEE 21 3sec

FOBAY V1 THLIDIE—< 5T EIC 0-

BAYVIREEDS — 1,0, 1O 3 ODREBICHZ L,

Z DFER 3 KDBRMISRBINA R O5NE, 22T , ,

HHIMICH b D A R~ ZADOMRIZ X B D0 o a&

T, WEPFICT T ADFEALZEGEIIE D 4 X Fig. 1. In Vivo ESR Spectra of Carbamoyl-PROXYL

W22, SOESR ARZ ML T3 K@%ﬁﬂ?ﬁiﬁ at Abdomen of Mouse after i. v. Administra-
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In (signal intensity)
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Table 1. Abbreviation and Chemical Structure of Spin-Probes for In Vivo ESR Measurement

Acronym Chemical name R Basic
structure

1. TEMPO derivatives

TEMPO 2,2.,6,6-tetramethylpiperidine-1-oxyl —H
Hydroxy-TEMPO 4-hydroxy-2,2,6,6-tetramethylpiperidine-1-oxyl —OH
Amino-TEMPO 4-amino-2,2,6,6-tetramethylpiperidine-1-oxyl —NH,
Carboxy-TEMPO  4-carboxy-2,2,6.6-tetramethylpiperidine-1-oxyl —COOH
Oxo-TEMPO 4-0x0-2,2,6,6-tetramethylpiperidine-1-oxyl =0 .
CAT-1 4-trimethylammonium-2,2,6,6-tetramethylpiperidine- —N*(CH3)I~
1-oxyliodide Q

Phosphonooxy- 4-phosphonooxy-2,2,6,6-tetramethylpiperidine-1-oxyl —OQPOsH, i,

TEMPO f
Glutaramide- —NHCO(CH,)sCOOCH;

TEMPO
Methylglutaramide- —NHCO(CH.)sCOOCH;

TEMPO 50;Ma
TEMPO-T 4-N-[N-3-(1,5-disodiumsulfonaphty!)]-2,2,6,6- $

tetramethylpiperidine-I-oxyl e

Hexamethonium- (CHy),N*— (CHy)s—N*(CH).

TEMPO

2. PROXYL derivatives

Carboxy-PROXYL 3-carboxy-2,2,5,5-tetramethylpyrrolidine-1-oxyl —COOH ‘
Carbamoyl-PROXYL3-carbamoyl-2,2,5,5-tetramethylpyrrolidine-1-oxyl —CONH,
Aminomethyl- 3-aminomethyl-2,2,5,5~tetramethylpyrrolidine-1-oxyl —CH,NH, R

PROXYL >ENj<
Sulfonamide-PROXYL ravoss_Y-wco o

ise-c,n“o W

Barbiturate-PROXYL

~CONH(CHz)z HH
o

3. Oxazolidine derivatives

OXANO 2-ethyl-2,4,4-trimethyloxazolidine-3-oxyl >{ ‘Jg
. O, _N-O- oH s
nSLS n-(N-oxyl-4’4’-dimethyloxazolidine)-stearic acid YT \
16 2 7 s
il
. GBOC(CHRCH,
nSL-PC 1-palmitoyl-2-(n-SLS)-phosphatidylcholine LA
° cm—roc&cm’«(m
o
U
nSL-TG 1,2~dipalmitoyl-3-(n-SLS)-glycerol Hﬂmx‘_gu_g’m (:&)“c“'
1
cHho-0 )

=

SL-Cholestane elgéﬁ\l{
N i
A !
nSLS-Cholesterol L 0;5:\.5\‘{

l
<




HEREE T L TWwA EEbNE, b L, FYNAPIMBET VT I VR EEAL ELEA
TEDE AR Y A
£ 91C, ESR ¥ 7/ VIREORRE L E T a y b3 LT
RN G s Nz= bad o BT 90 VIdESERE,

DY FIVHEEEIEAY Y T u— 7O HE
AR W T O =T OFPHEREEIIRE
PROXYL D ZN & ) b #FI0EREKE »,
BWLEM b 5D, Fa TS WRILETEMNS ALY 7Y T T2 AD

WS, BHER TR

N5 Lo R

I—4.

(b7,

WD > 7 F W Iid/h &

HERRNT—

in vivo ESR W2 & BHARNT V) — 5 T h )V FISOfEHT

HLIBERR
X< B, Fig 1IIRT
ERRIRET 5, o T, H#

KRG THET B ERMEN S,
WAIZ LD RECEL L (Table 2), —H#&IZ, i

F 7, A UERLERCTHRET S &, TEMPO RO H AT

F /-, HIE

AR ) T BB BT AL & BFIEEER AL T i

HEEZIL
HEICERT DD

EEZID, SDEZA, LT LLS FAFY RIVANOBLERITEMZ T TIEHBETE 2 v,

Table 2. Reduction Rate of Nitroxyl Spin-Probes at Mice Abdo-
men after Intravenous Injection (min™% mean £S. D.)” = 3 :{_._“___H\
Breast Head % \'\'
Lt
Hydroxy-TEMPO 0.97£0.33(5)  0.55%0.13(5) = 1
Amino-TEMPO 1.53+0.54(8)  0.92+0.14(5) 5 %%yﬂﬁﬁ\
CAT-1 0.2140.08(6) 0.07=+0.05(5) & i
TEMPO-T 0.27+0.10(6)  0.12+0.04(6) c 1F \
Carboxy-TEMPO 0.4640.10(5)  0.2540.02(5)
Hexamethonium-TEMPO 0.06£0.04(4) 0.0240.01(2)
Carbamoyl-PROXYL 0.1040.05(6)  0.0540.01(5) 0555636
Carboxy-PROXYL 0.04+0.01(5)  0.04+0.02(5) (min)
Barbiturate-PROXYL 0.06+0.03(4)  0.0440.02(2)
Sulfonamide-PROXYL 0.2040.08(5) 0.1240.02(2) Fig. 2. ESR  Signal Decay-Curve of

Carbamoyl-PROXYL in the Col-
lected Blood after i. v. Injection®

OVTFVOWE, b, A7) T 5 AOEEEHO MY A1, FHOZ b OFIFTY
ww%VWX%%WK&QL\%%%ﬁhfzﬂ%ML\mﬁ$@®:bm#9F5Vﬁw@W§%%&
7z (Fig. 2)%, HMBOMBEH TIEIWTNOT I H VT FOHEREIZEEKADIZIZ 50—, HMHF
TR ERNHEREEEBIL in vivo TORRE—FH L, 2oL Hic, ROBOMBEFRTHOALY
DT 7Y ADRFE LBV E2OMBERSEBEFERM T ad T FI VAN EHEELTWEDTIER
C, MERERCHM L DRIE 2V LRIALE G MBREFLE LT ALK A Y 7 U7 F > AIZE5 LTw

REMEASRIR S L7z,

Frlo, M¥EL 72027 AR ) T A THILT 5 & BSR ¥ 7 Fvid#k L, BACHILL 2o
TV HBRILT A ORI L 2 MEO BRI 7S F D T ~10EREOY S FIVIREY 5 2
59, 7)Y T LA T LIS PEF Y RIUINO—BFETETHL L FOF I LT I VA TLD
SEEFURIVANVICEHBLTAZEFMOENT VD, foT, SITHALY Y S YT T ¥ ARMEH
TZPEFIRIDHNPBILENL FOF U LVT I VICRDLIENFEERTHL LHIENS,

ZOEMIT, WHPED LR, S S ESR VTR ENLZENLE YT T v AL KRBT
Do 7z, HEL OO I b RV SN 2 L2 5 S~ 5 b R 5 (55 | 1994)
Lo L, 5 BERETIE—BFETEMEFERNICBIENE 2 L2 s, BlcBIFs A 2y 7
ZhOFTURITAIADLLE FOFILT I oAOEL, Blb—EFEBICIC L 2 E Nk E

AR
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BRTHL ERMEING, o T, COWEREIZERAND [#HE®ITTT] BlL “Reducing Capability”
ERLTBY, EEKBEORAPIEEL)) (Antioxidant Capacity) & dBBIZEBL TV 2

REBTHDOEENEK
ZFEFUNTO-TORELLFHEE N AREBRTNIIAERNIIED L) hE®REZFEOOTHAL )
o FAIITEAL DERETOT I ZAEHVTIDESR ¥ 7 FIVOREZH~,

<7 AD6 Hiig, 30A#, BLUEEZ60%

Table 3. Influence of Aging and Feeding on ESR Signal i R
Decay of Nitroxide Radical at Head of BDFI Mice WHIBR L7239~ v AILAE Yy Ta—T e L
(min~%; mean £S. D.)" C Carbamoyl-PROXYL % PEIEN G L, FEAER
TDOESR V7T VOREZRL L, ZILEE

Spin clearance rate
Age Number P

) Feeding (min™Y) THLPICEHEREDK TS 515 (Table
(mo.) of mice mean +SD
B 39 Lanl, EEREWC EICEEEHIBRL
6 10 ad libitum 0.038+0.006° HETIISERICEETAREREZ R L,
30 4 ad libitum 0.0264+0.004%7 S
T, T ADEEE 15 ok
39 4 restricted 0.035+0.004" e v LAt & ET

TAHZEBLUREOENENERT LI LN

57 Means are significantly different from each other at the TREIND,
$<0.05 level as analyzed by Student’s t—test. e
B2, r-HegBEic Lo THREETIZ

BT L. BSHEESEFRBRILS AT 212 RATWS Z LR, e OHERLH, iz idesy I C
RPEZYVAHKET L LEROREETNIVFEICRSE (2L I LIRENT VA,

Table 4. Influence of Oxygen Concentration in Inspired Gas on ESR Signal Decay of Nitroxide Radical in Living
Mice (min~% mean %S. D.)"

Hydroxy-TEMPO Carbamoyl-PROXYL
abdomen head abdomen head
12% O 0.95+0.03 . 0.69+£0.01 0.12£0.01 } . 0.10£0.01 } e
20% O, 0.85+0.01 0.71£0.01 0.10£0.02 0.07£0.01
80% O, 0.84+0.02 0.71£0.01 0.15i0.02} 0.07£0.01

Clearance constants are presented as mean *£S. E. over 5 or 6 experiments.
*p<0.1, " p<0.05, ***p<0.001.

—F. LA P L AICBELZZHEICD I DY 7 FVEEITE LT 5, Table 4 ([ZHE4 ORFIREICY
ﬁz%%%btﬁ%fﬁ%\ﬁ%f@mm&ﬁ%w@ﬁﬁpﬁ%ﬁ¢oﬁiﬁﬁ HIEEBALIARIF LT
VT VOBEREEZELY, KRFIRETIIGEE, B L QIZESR VP VORESTLHES DY, in
vitro DEBE RIS PO F Y FI U NVEBEEEMEVEIE—BFBTLTEING VI LMo NT
BV, COBRTIHERBRIRECHIEE SR 25 2 LITRLETH 5,

BRECZ LB CTIEEBERET V7T VHERESE L (ERKT L, =X FI V970
LROF YT ION NG EOEEBEOERIZL > TLZFDESR ¥ 7 FIVEEET S, Fig 3IIRT L9
12, 22 CTOHEKBEDOHEKIL Trolox R 7NV F F4 v, REEL EORBHIOFMEIZ L Yz 5N s
ZEND, BALWA N LA E BT P VOEEEHBTENSY, b L, BRIIRETETLOWI L, D
BN CIEERRESEEL TWE LT b L, COFEHRENERD L VITHENIC= aF T FIIH N
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I—4. invivo ESRIZX AHEKNT ) — 5 UV BUSOIENT

Decay Rate (/min) control
0.17 0.07 ) T

control (20%0,)

Ischérla- Reperfusion |—|

SOD
control (80%0,)

trolox inactivated
SOD

uric acid b)
glutathione
ascorbic acid 0 1 2 3
Kr/ KL
Fig. 3. Influence of Antioxidants on ESR Signal De- Fig. 4. Influence of Ischemia-Reperfusion Injury and
cay of Nitroxide Radical at Abdomen of Mice Antioxidants on ESR Signal Decay of Nitrox-
under Hyperoxia (min™; mein +S. D) ide Radical at Thigh of Mice'"

ERIEL, ZDESR v 7TV aBESE, ZOKRE L ORERE 2 ESEZOTHA I,

—J. v AKBEHTIMEDFELYUE L CORIMPHERZ R 2§ L ZOEMTO > 7 F IV HREE I3
HEICHMATAY, Fig 413, Y9 ADELAEKBEICAY > T 0 —7%#%5 L. WED Y 7 F Vs
DIEFRS T2 DTH B, MLAE L e\~ 7 AFEITE A KBRS I R MR AR 2 U2 CaEEIC
FEHE ML Twd, TZIZSODRFH v F U4 F L ¥ —VYOHERTH S Allopurinol = RINT A
EEOBERIGERI S, RMAERIC X AHEEEOWRICA—N=F XL FOEEPHEELTnE I E
BIRE NS,

PLEIGR L2 LI A b L ZAKETO 2 7 F VIEERE O RIZ WO b IEEBE O LA/ L T8
0. PUERALH O AEARN TOREPIRIL T % 5T 5 DRGSR ICHEHTH A Z LR L TWA,

VI. s 5mBRIES X T A
P EBEZEEICHENTEBY, BIBILWA P L A2 T WEETH L, Eo T, Ml IdfEREE
(AT B IS AT 2D EEL LN
fie OBEBRENTVWAE, LrL, 0%
U in vitro TOFERZRLIZLTB Y, EBE
(2 in vivo THIEIT L 72 b D d F ) v, Fx
X, = hIF T RIIHNVOKERE T A
ORAIEAL, = bPEF LRI THLDOX
VY DOREN LI BIT 55 D7V EIcHE
R 72, IR L D, ESR-CT T
OWEEZHCldHS L= bax s K599
NVidifieET—RIcam L TB Y, Hilapic
ELTWwA I EpRENT (Fig 5), 20
BN~ 5 L= baF > FFIIH VD  Fig 5. ESR-CT Imaging at Mouse Chest after Intra-tracheal
BSR 3 7 F b i — KRG CHEE L. 8 Injection of Carboxy-PROXYL"™

a) and b) indicate the section images observed from tail
uvx NI 74 —OEr= XL NS to head and from front to back, respectively. c) is anato-

e R . . ) e e - mical picture of mouse chest used for the ESR-CT.
UANPe FOF VT I VIIERIENS Z
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EWHRT B EATRENTZ, E72, BEOBREIEIMERIVEDLNTWAE I VY FF R T AINVE VEE
ECHHBATE o/, 2O b Xy FETHIIMERERRLHAEY A — MR 51T, Ml
BalEtid s EBPTHI D0, FEHMBORERERNEES L T AW RSB ORB IR, ZORT
ARV TE SH BEH LA MITRE N ICER T A%, 7V 8 F4 v EoaiBitwE id85 Lz (Fig
5)9 fo T, TITRVHLAETLRIINE THRE SN TV LB 2B LEEHER & T EEH
Rz B REMEDSR

VI, —B{EZEZ=D in vivo BIFE

Wi, 7V =9V NVO—FETH L —LERSFOLBREBIEH & IR IERZ2E0 T 5,
CO—FbERO ESREIEICE L, i, AHEINRE T in vivo W T 5 WREE B ANz, FlZIE, <
o AKHTEE L —BLEZE 2 HEEIC NS v 788, B LS b YOV D in vive JIE 12
L7z Z LD s izt Fea bKBHEEREE R ) Ry — A8 ARk % Ty Ak o —B bz
FEATHET L L, SEMEO= oY VEEEARRR O 34D ESR ¥ 7TV AR & /e, AERERA
I ESR BB ENEBE AT 5 L 5 mm B CIEMIZESR AT PVEMET A LN TED, ZDK
ETC—BIEZOSMr R & LIEMTHEREIS CHFET 5 2 LR Sz, SRBRBEGLOFELMAE
bR EIEY), —BREEROEERMEEZIFE L7 VIGHEEE L — B EER L OIS 72 & % B
ETHZELAMNETHELRLbOLMFENS,

VI. £4W5 AL OEERE (ESR-CT)

HAAAREHHIH ESR ZEF AL Y DA ZEIRWICHET200TH ), b LEGILFEIEA ST
NETOEEBM & SENICEL L IBRAPEAFCE 5, ESR-CT O HEMIZ19794F Hoch & Day (2 & 1) %)
DTHESNAZY, FEIE X-HCT THOLNRTWAFEL & CFEFT, NEFEREFOANRY P 2D
TRTCH N L ZRIC N & SR TR B .

INFETOHEEL LT Berliner 572X 57y PORHABFTCO= MO F L NI Ih VOG5 HMHEIER,

Table 5. Influence of SH Modifying Reagents on ESR Signal Decay of Nitroxide Radical at
Lung of Mice (min™% mean ==S. D)

Sulfhydryl-blockers Distance® (A) k® (min™%) %
None 0.111+0.013(7) 100
Membrane-permeable

NEM 0.037+0.001(3) 33
Floating in membrane

MCA 10.8 0.040+£0.002(3) 36

MBA 8.3 0.076£0.015(4) 68

MPA 7.1 0.1204+0.011(4) 108
Membrane-impermeable

CMBS 0.105:£0.023(4) 95

? The distance is that from the reactive maleimide moiety to the carbon atom of the carboxyl
group.
® Each value represents the mean #SD. The numbers in parentheses are numbers of animals.
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I—4. invivo BSRICE BHELKRAT Y —F V5 RIS O

Ishida 5¥DF v FEEREG= PO F Y FI VA VOB TO CT EfE., Sotgui 51 & 5 B#IRD 3
RIGHE, &5 VIEFRA Oy AEHY LRI O aF T FI I HIVOSAEIE (Fig 5) & W
HbH, ZOWBILOTHE IR SEITEIRITL L VIO RBEBEZ0 L 0OEEILLFTELR ., 4&RDRE
BTN b,

FOMIZ, VRV —LIZAY VEEEY AT S & SEYEE IR ORNZEEI R S DY OB
HBREICOWT O —LEIZ) TV y A LAERESFMATRECH ), HIZ ESR-CT 12 & AW D HE
Bond,

IX. £5HAHEESRDSHBOREE

PlbEo X9z, EEEHIE BESR ES, #5, EWFn CEMEFIIRE I L - CRFICAE T
FRELHOOEMFIND, B, BUHRCENRORE ., &5 WITERFEEDEOIVEH CEENIZT
VIIVHERSER L, CTNOSRARERIIERT A IR ENDDH L, Ll EENTDOT U
EW@%?K%&%K%A?EU\m@m%@¢WWWﬁeo%&of%ﬁ%ﬁm%%f@%%&w&ﬁ
BEERDS in vivo TERO LN TV bE, —F, RIHRELHEEOMATICH L T, [HMHREL—RILE
&E??ﬁ»ﬁ%??é%?ﬁﬁ%#%ﬁ%ﬁ?é:tﬁﬁﬂkt&of%toK%TﬁLti5K\i
REHAE BESR X Z 05T OBFSEIC BN & 58T 5, B 218, BN - FFHEREELEL, B X 5F
BEED 2 EOFICO AT, F’r DL OPORTHED ZFEREBETNE, 2O L, INLEE
At 2 Y OFMIC b F’A ODH T WA MERDPFIHTE 2 Z L 2R L TB Y., 4%, HAFHHA
ESR DIHPET TSNS,
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Reactive Oxygen Species and Central Nervous System

Akitane Mori
Department of Molecular and Cell Biology, University of California at Berkeley,
251 Life Science Addition, Berkeley, CA 94720-3200, U. S. A.

Abstract

The brain and nervous system are especially prone to free radical damage since the membrane
lipids are very rich in polyunsaturated fatty acid side chains, and areas of the human brain are
rich in iron which plays an essential role in generating reactive oxygen species. In addition, the
brain reportedly utilizes about one-fifth of the oxygen taken in the body each day. Therefore,
neurons are especially vulnerable to free radical attack.

On the other hand, brain contains both enzymatic and non-enzymatic antioxidants against free
radical damage. The enzymatic antioxidants include catalase, superoxide dismutase, glutathione
peroxidase, glutathione reductase and glucose-6-phosphate dehydrogenase. Known non-enzymatic
antioxidants include a-tocopherol, B-carotene, estrogen, ascorbic acid, glutathione, uric acid, a-
lipoic acid and monoamines and their metabolites. They are the prevent defense system against
free radical attack in the healthy condition. However, impaired defenses or exposure to excess free
radicals can lead to neuronal damage. Such neuronal damage may be involved in the degeneration
of neurons seen in epilepsy, schizophrenia, tardive dyskinesia, normal aging, Parkinson's disease,
Alzheimer’s disease and emotional stress.

In this paper, roles of superoxide anion, hydroxyl radical, transition metals, nitric oxide and
also guanidino compounds in the neuronal cell damage are reviewed and discussed, especially re-

garding to neurological and psychiatric disorders.
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I. @C®IC

BHEEDZANF—HERE T LA LTV I 2O EKFEL T b, T2, Moz rF—1f
WIMOTERETHY, BERTREEEDN2.5% LA VOBE (0,) HEEREED20%I1Z01F
Bo DL RIERGZRFH I LT, EFLTREMERIIBVWTRIEBERB LUOEEER L S0ED
THEDZEEESH L - TB 0, EELMOEEEDSRIES N T 2Y, B, B bR
& LT, MRERS OB E LR EEWE CH A I T IV T I v R EOESGIIBRILE T
HErxEBBEILGEATBY ., HEEEEM (reactive oxygen species: ROS) MWEEZE L, Fhilzxd A HiEEL
WA & DI BfE R E72 L7z, whwad “EERA ML AT ORIET Tk, B THEER 2§ Wil
Thb,

FAE, PIRAEEERICBIT A ROS DREN, £ OFEBLEEEL THIEST IO LM, £ OFEHRIE
BahnTa?, T2 TRARMERIZBIT A ROS OF#E ., #NIZL->Thb SnAGTFHIlEE
B LU, ROS OREAD B SRR AW S 100 2 Mkl & 21, RIS, MEETADA, /(-
XUV VIR, TIVIUNA IR, [BEIA ML AL IOV 5,

II. FiREEROELERERE

BRI S N BEE (CO,) EREMERICME s, 200% M E3MIIENICBVTI hay FY T
BYmER F 70— a3 F L F—BIZLVBRABTFRILINTK HO0) 2R 5B, Z0OBRITHE
CEBERICEALETIEIREEAR, 20/ (7L 27 ATIBL0N) TETALA—/N—FF T F
(0) IRHIEWDTHET, BEIRETIE, O HEBZETHHA—/I—FF T FV ALY —¥ (SOD)
DIENP, BT T—X, FNVIFFoRUVFFIE—E, TV FF VLT 05— otz &
CFa—bava—, f—=HhaFr, FTAIVECEE, FTVEFA+r, RE a— ) REHLVIZE /)T
IR EOBRSTFHBIEWEIC L > TEBICHEEENRSE, LA L, BRHOBREFEWMSLIGAIIING
OB IEL Z T2 b HoNTnd, filziE, BARBOMEROERD 0, EHE1321% T
HHN, BREBRFRARLBERERELZLICL), FHAANO 0, 0BMEFEFTICHINT 5 L) 2546
[ZiE, I PV P TEFEEROERAFEI D, O ANRHT 20T, PFHRMEEICBVTH, HL DI
DMFHBEEFIERITI LI h b, FA Y FRBERERECLELIERD LN T WAZRER &
EEBREAPLADIERD 1 DLV LI,

AR RIZBIT S 0 DFEERERDI b a sy Y 7TETEEROEPICTIF R VBAAr—F
CE ABENBILBRCTERTOA TS, T/, KERLEMBIZEFS L FrFe FasrF—En
Oy FEEZMEIFF U F ATy —BIIEBRTAZLIZI-oTHRIB, TN IZzas ) Tk
7877 =YL ARRICEREMAED S T A O 72012 0,7 25T A Z L85 TV AY

PR AR R CRIBEIC 7 A ROS 121d 0.~ i, @ERfLKE (H0.) &k Fuxivs s ((OH) »
Hbo HiO: 1Z7 V=T VA NTREWHFEE/KEDTF T, ROSOMHELEVZL, INHEDH B, 07 %
H,0, O UMD 5 WIS BEMEI -OH IS 13 5 212550, RN TSRl C0ERER
HHEFT D & Fenton KIed B\ 38k A F VI Harber-Weiss Bt 12 £ ) U@ #ilg#EM D -OH
ICEHT B,

N=F vy VIFREBEOBREOS (Fe*/ A7 = VAWM, WM - EIIZEE 2 WARILER 2 5
HEHET AANEZTE Y (Hb) DI Wilson RO IZIEAE T A8 13971 d 0,7 % H.0: 2 5 M
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0—1 WEHEEEE- 75790

JaEEOmR -OH ~NOEREET L L EZ N L, WABPORNTREL 2 2BBEBIZF L LT
PTHBH, BT, MIEATEELD 72 F DL LTEHZLATWT, b DEHKKEHEIE HO,

ERUBLT -OH 24T A L3 vE ENTWA, &, —BILEE NO) 27z Frhbk
RS, Bk A8 4 VIR ERBLD A IRET S Z LSOl o7z, BB Hb R I A
Y 3B O H0, 12X VA 4 &2lEET 52 &%, Hbld H,0, & SIS LT -OH #3584 &4, g
BABBIETAZ MO TWEYY,

NO M B Al ORbAR R 7 (EDRF) & LT, »didfEiilidsbb~ruy - Yo
B e ST AEUAMERIICE L THMON TS OAL ST, FHFEMERICB W TEIMRImERD £ H
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Bl —M bR A HEEE (NOS) & NADPH & Ca/AVEY o) YHRIFHIZ T VEF =296 NO L3 b
VY Y EERT AN, TUVFZ VREMRAGEIZE, T Ca/hVEY 2 ) VKFHEIC 07 2584
THIE, ¥ 50T TIIH0, ERTAZENPELPICENTWAESY, NKEEE M (53
DEEWNT I JEENMDA L 79 —2HliHT5 & 07 AT LI ENFEREENTVEZH, 20D
0.~ DIEEIE NOS DIEE L AR D 2000 L, 2B, NODOF VI VOLRHEFIEERTF (N)
TR (0) LOMTREBLZERELSOOT, WHICLY) NOHLWIENO- LIRTIENTE,
NO- (ZEMEEREOMME L V) Z D TE B,

NO ¥ O, & o § 4 & peroxinitrite, "OONO 127 5725, BEMELMHFT (pKa=6.8) Tid peroynitrous
acid, ONOOH & %0, 345 L -OH & NO, 1274 0, -OH OffgEM 23+ 5, —F. NO Z88&
ER, H.0. KO -OH ofiflasmtEz Bl ¢ 56 Z b HOENTBY, MICBWTIEROS AHINRY Iy —&
LTERH L T2 WS R S L CTn 59,

M. EMEMREIC L 2 HERES

72 A& OB TR R IC RS BB O SRH A > & H0, BT B £ S 2RI T Tl -OH
AHEA LT, DNASH, ERERT I /Mo -SH &, MlEOAEIEE 2 s em e L., MigEs
X727, fFICDNAFBBIZIZ L AEDNA WA L2, ZOMBIHFAET A28 L VIEMA 4 12D
BASNTH0, I LTHET S -OHICE B EZEZ N TBY, -OH IZEHE DNA HELBH LD,
DNA #2074 & ) K — A &8 L CHIRFEICE S 5,

A2 ROS DA E OB G # 51 &I T2 L3 X M5 T WA, R -OH OfER IR < |
AEHIRE* BEICEA L T2 IS B S, Ol MK R L T b _EE o
AEAPEE (Lipid-H) OKEETF H) %#51&#KE, 7VvF VI Y70 (Lipid) *AERT 55, 5
4T T3 Lipid- 12 0, ESUB LTVt 5 VA0 (Lipid-0+) &7 5%, %L T Lipid-0,- 138772
WM FofRE (Lipid-H) ®H %51 &4 & Lipid- &5 &0 ICHOIEIES VA NOIEE e Fa )Lt
F 2 F (Lipid-0.H) &7%5%, Thb DR @ERILIIES (Lipid peroxidation) (dEEHMILE L TR L & B
WSO RMIEE 2L, MRREICEELRGEL SR 5 I LIlh b, FICHEMBICB WX, Roj
BT, 14 F 5 Y AVOEADEB Z 595, Ca®t Ot AR e BB L % B (R &
HBPENY Th L, Cat REBDBEETHARAR I =Y A, ORIFEICLoTTIF Uy 27—
K6 ROS DREAEZMELZY, T2 FX 7 LT —¥ORIFIZ L > T DNA 28T 5 % L% DfEE



F2ENLTCHBEBEORR L 2 2 WiERH 5, FMEMBEAF v F Y v 2 VBB TH 5 Nat,
K*-ATPase {&tE o Wil i3 Mo EL 5 | SR I L, MFEOEENER & % 5%,

F72, ROSICE > TEBRENTZIRERVAF LI VA LR Fa b4+ 5T FIZE 5 5BBEbEh T,
TOYYTLATFERRL4—b FuXF L ) 2 F— bRl L SiRFBEEOHRVT VT FEEZERT
27, F, BEOBEBICLD LT Py R F— N3 VLT — ORISR T T2 2 & B9 R3E L
nTWab,

F /2, ROS OHHMEBERICBITAEHDO 1 2L LT, BBICBIT2EEET I VBOKL 2 RET S
S ZEDTHLENTWAEY, —F, ROS IEHLEOERLRESEL T EHOLNT VDA, FRIIZEL T
&, BERTI VBTHEINY I VEBEEREELR VY I VIIERT A IVY I v ERBERZY 07 0V
FEEEEIEPHLPIZENTWEY, L7zoT, ZOL) RN T TR IVY I VP BRIEET 5
eI, ThAEMBG R EOBEWNT I B NMDA Lt 7y — O@EEIRIEICES MR (7
RKr—Y2) OBEZRFO1IDICALEBEEEINTVE, /2, FVIIVBLETY—TIT=A b
(NMDA, 7 4 = B, AMPA) X ROS DFEAXRMET S Z LI RAHE SNPROS &L BENET I /R
Ve 7y —EoMEERR L WL TE 7,

Z DM ROS OHBEMFERICBIT AL E LT, MEEEDOXFN T T oI R 7720 VBl &
DTT =Y ALEMERICEH S, CNHDTT

SV AEMDI b AFNTT T R LT &Nﬁ;ﬂ

YD 0 BBV OH I X A REF L T n“

BENLYN, —RICBREOEUMETH L L Nu Ng - Ro-y-1
IR HBRTE Y PRER I BV TR HJNKC\N/“—{HSNKC\ /R} T S T SR
DUVHAMETH D EHEL P IZ SR T . B
B, Kbz, BELNDNILL-Tr 7=V 1L 0] 30ﬂ+mfﬂmm++$1

AL BEIBRILICL D ROS 2 54T 5 2 L HEE
SR, Bk b  EIIMEREE., FICAMEE Fig. 1 Possible mechanism for reactive oxygen spe-
g
TADADBEREE L CEELBEZ 1372 L TW5D S cies generation by oxidation of guanidino
compound
EFHLPIZENTYS (Fig 1),

V. EMERERE & PIRSEERR

1. B & 7RE

R B2 IS L2 13 0B ) 0 ROS 25584 L, BiFHEZR EOBBGORK E 25 Z EHLNTWAE, RS 5
VIZFEERIME DB D ROS DFEFII AL T, 7IF FVBAAT— FEAT 5 L0 &, U0 - HilLic
LYEEEL-AEsOE Y (Hb) AV T V2N TARIGEICDITIONS,

EERWBIZEIC L B &, BEEVERICIIMEEREBEEAMET L. ATP AL A L, Na*, K*-ATPase
HEPKRT T2, 20720, flEEZ /L To K ke Nat A, Tabbliamoses b, Mgk
BVAREED CaF v Y ANVDF— NP E Ca** BTAT S, 2D Ca® BEDO LHITL ) KRAKY 18—
YA EESTE L, MIREANOY VIRED S ZOMBESTH LT 7% FUER (AA) AWERIZEY B
NTL B, TO AA DEEREEDS ROS DI & 2 THE < il EDORGEDRR & %2 %,

AAN AT —FDH b, 7URZ 7572 (PG) G PGH, "NDEBRD S WEASINE 7YY —F
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VAN (R BRMMEMEOBEATISRITEINTEY, EBIZAA 2 PGG, # MEICHS T L &
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PPEAIC & o THREDS LT HDOT, 55— Fa~btF Lo/ a¥5 5 T8 (5-HPETE)
¥ 0, PHIRBSEICES L Cwa DA, EESh/ o a ) b FMREICES L Cn
HEMEINTVEY, ZOM, 15— Fuxiut*o oA a7 7T B (15-HPETE) (ZHMfHE
EBED Nat, K*-ATPase DA 2 SR MIGITEML L €, Na® # BN 5 MEBENNE% L, K% EE
X THFEZFESEL LN TSN,

2. Jph i A

A XORKREMIC 5-HPETE 2 %59 5 &, Bt L ) BRMIC b2 o CTRKBIRAIGEL., 513 HH
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BRI A ZEDHEINT WS, Thbb, EDRF OR)E% SOD 2 EE L, Fe? H3EfE¢ 5 2 &Y
EMS, CBETHMBEOMBESMHEE & L TEDRF 22 N045 7)) —F UV H VEEHRIRBEBENT
Wh,

3. WMEETADA
SEERAMEE T A D A DB AR L L 72 AR5k & 3B HE L 72 8kBe53 % 41 L C D ROS FEAE A EAR
ENTWaB, 143 (Fe? HBWIiEFe) $H5WIE Hb % KM EREEFETICIEAT L &, BE

it EgkA 4+ H BT Hb £ T v MENMRKICET T4 & -OH % £ ROS 258 F IS HE L,
SRR E O BEAL O TEDTS 2 ), I O B BT B £ 0 720 128 % Na*, K*-ATPase
DEELL7-26FTZLERWZL, TN ZE LAMUNICEET20wb 5 [BRIFTVWRA] ©
R & %5 LELTWE, —F, bUONWEHRREEDIT W NAYEY THEAFN T T2 R 7T =
VBB ENEFRE C A AESBNICEEMICEERAE L CW A I EEBELAIIL TV A,
N7 7=V ALEMIBEETADPADETVEMTHALF > F) Y I TANAT Yy MIZBWTHIE
PR ERIML TV D ZEFRWIZ SN B CTAPARIEORKFICHERICEFRL TWD I L AR
ENTWE, 2OV, O TE L, IR0 77 =V /bAWE, BEOFAET CIHBMLI N,
ROS (0,7, H:0,. -OH) DOFAEEE 5 0P Ho0u 138kA F > H B\ IE Hb EFUS LT -OH 2L, &
72 0,7 KO -OH I3 IENE & o @A U~ EFIH &5 &9 vicious circle ZTEHT A b D EE 2 5
Nbo BB, TDLH % ROSIZL - THIE S NMFEEMBAGEIIREIIZIE IV Y I VIR T A8T
F UM EOBEMEEEWEB L O r— 7 3 /BB Z & OMEIEMR ZEYWE R RS WE O RE &
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Brain Trauma

o f\, VYAV ')-[;\'J (PD) @E'}_ﬂkﬁ ii"éﬁﬁf? [kﬁ'\ hemorrhage or infarction ¥
. o~ . R Extravasation of RBCs) Hypoxia
0) }‘\ — /N3 Ve (DA) /ﬁzéjyét’ﬁgﬁ@ﬁﬂ (%fc\\a’;) é 753\ Generation of pmductioni ATP cons mptxonT
Hi— Pett-as- Fe* ROS AI}\,‘@ .
> N By 18 By AR e i
— O)j@‘%}i - i‘) ROS @ E&ﬁ%ﬁ 'j“*a‘/t é nTwas ° ’5‘ Guanidino ;////; 0, -OH hypoxanthine?
Compound -
7;? 7}9 ‘I:)\ PD ;F(Ed% {!: éi i }\ Y F I} OO 7o fﬁ E%T%DC,T\ g ’ I‘IZO xamhmc(?ch dmimuase
Ly 2 AT @%%;\;5 IRIBS D STV B ETS | el Peroxidation of neuronal membranet]‘-l{wlw‘
PRE ﬁ PLA, T mctab{i?ggt s Na*, K*-ATPase &
PRSI - - - ~ 3 i3
ERMON TV L IERHIZBIT B8 (Fe/ tgwyﬁﬁwmﬁggyw Depolarization
A5 AR EEEOBE. BB E, Excitation T Tnbrhmoni seizure threshold ¥
—— ]
PG FF L= BEE YT - BEEOERT, EPILEPTOGENIC FOCUS l
SOD GO TLEB LIV T4+ Y EHEOR Fig. 2 Inovolvmet of reactive oxygen species in
TAED LN B, pathogenesis of posttraumatic epilepsy
Fhiss

DA THEEFCRO/MEMNIZEZ SN TV AD, —EIEMEMICOFEELTEY, MIEENO DA LT
ST rEEEEER (MAOQs) IZ X DERLAOL T I /L&A, F OB HoO WW5RET B, Z D HoQ, B 5 5 —
CEROBRTHZEOMOPORNTERT L L84 4 Y EOUGIZ LY -OH 2954 L, fiv Tl B

EBEBLIEANI LT 5, T2, PD CHENICENLCWE 7 2 7 BES EERE LB LS % 5

W45, PD BEOEEIZIESOD EEIEL TWADS, SODIZ L » THEFEIER SD HyO, 1 PD O
MMPTRBI BRI E S ICHEZ T A 2 L2k b, B, Dbl PD OEERTH 5 L-DOPA 2 KEH
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L=AFh—4=TZ2h=1, 2, 8, 6=FFITLFOEY I (MIPT) ISEHIC PD OEIRE
EART 5O T PD OEBEFVENIERIER S TWEA, Bl MPTP v 22545 L NO I &
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FOAYEY =) X THRIEND Z LWL IR Y, L &b MPTP 12X % PD OFREIZIE
NO DG L Twa I LATRE S 7z,
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Ty A <= (AD) 1L TH, FORMEL ROS L OMBRERETLLE L OHENH L, T,
AD ORIRFER IO DNAFRBIC L B L SN TWAITY | ZOMHBIZROSIZE A Z EFEES T
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NIRRT 5 R E BRI 2 R T EHRB G ST 57,
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Characterization of CHO K1 Cell Mutants Sensitive to Active
Oxygen-Generating Agents

Hiroko Hama-Inaba -
National Institute of Radiological Sciences,

4.9-1, Anagawa, Inage-ku, Chiba 263, Japan

Abstract

Nine mutants isolated from CHO-K1 cells with increased sensitivity to the lethal effect of plum-
bagin (PG), a powerful superoxide generator, were classified into 5 groups, A ~ E, according to
their sensitivity to PG and methyl viologen (MV). Two mutants of group B (Pal3 and Pb4) were
sensitive to both drugs, and 2 mutants of group C (Pal4 and Pal5) were moderately sensitive to
PG and extremely sensitive to MV. To mitomycin C (MMC) these mutants showed cross-sensitivity;
especially Pal3 and Pb4 (group B) were highly sensitive to MMC. Genetic complementation analy-
ses of these 4 mutants were carried out using MV sensitivity. Sensitivity group B was divided into
2 complementation groups, I and II. Pal4 and Palb belonged to the same complementation group
III. These 4 mutants were also classified into 3 complementation groups for MMC-sensitivity. Be-
cause Pal3 and Pb4 were also sensitive to cis-diaminedichloroplatinum II (cisDDP), they may have
a defect in the repair of DNA-crosslinks induced by these agents. The complementation group IV

(PaZ2 and Pa8) was also suggested based on the studies of MMC sensitivity.

I. 1EC®IC

{EHERESE (07, Hp0.. -OH) (&, HEAEAT, FHRLAHNC X o THIES TV 240, HEHRIEE 2,
HEAOPGZOMETEA P L AL > THIEL NS, INOFDHAE L, BLOEEWE, T4bD
DNAREHHE, REZ LU L TENLICEE 25 2, e ORFRLENLORRICZ S LHESNT

BEHREESFS AT
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M—1 SRR R Rk

WA AETOIER S AEMIEIZO L) ZBEOFEND S B EFH 0L OB FEZE e CE L,
FNHIIESOD, BFT—¥, NI FA RN FFL I —EREOBEREYIVER IV T
% EDEGF RO S 5, b DHERE M T, BEr X &EsF. ¥ DNA O
B R AR IR 03 A BN RS H B 2 L%, RIGEBEKIE, polArecB O 2 BEEMKE v
FREBICL o TRENTWARY, F72, KIBECREL DA ML ALK o CTEUERD 7 F v 7 A&
B L, EMHBREIOST ABERRE, IBEICEEREEHEFFORAENFEASRIND Z M
SNTWV5AY, 07 ZEFEH, methyl viologen (MV, /85 I — b) = plumbagin (PG) 12 &% SOD #F&E 4
Bl & CHBNT WA, BINIGED FHEECREELVELZ 5O TWELEEXLNL,

LIS C O SRR R 1) 3 A B 2 MR IS 6 202§ 5 7201213, BIEFRHILO I &
b—oDFETH L, AL, ML VTS L% 2 5, EHRFRSHEREKS v M REZHR
DEOBRENIEETHL EEBbND, FHESN TV EHEREHRRZHERMKDS T H,0, R 7L 4~
AR ELBEEETH Y OH- IWEZHABEVWEZEZ NS, T3v 4 =—ANLAY —HRMiE%E
WERKAMETABLFI0EoO e MEETATCICf il vy ErrER, T2, W orD#E
FEFDEE SN TV S, BEEREHRESEEREOZEIL, OH- 12 L 5 DNA 115 & DB ERIE D5
OEEIEA ) T <, MBEABOKIE, > 7 FMRERL Vo LBlED» 5 b 4BV 2 F 9 % D5 LR
OO LERSREETAZEERbNRE, IOV TIEREOKEHY 7 R oz nv,

—FEREIR KA T & - 72 F M EME A R LE O B K& R T25 0. OWEERICHET 5 Cu/Z-SOD #
BFTHLIEPRESNTEREH U/ LA L, SODEETOEEN LD L) ITEHICHED > TW
B FELTSHEL L TIE RV, SOD IHEHDET 3L OFEE, BIRETRONLZHALTH B LS,
MR L A2 L 5 SOD OFEAR A ExEO T, FRRMOENS V. F4SHILEMRICB TS
0, (S A B IC R OEEY 2 EH % HIE L T, CHO-KIMlaL b 75 v xF v (PG) BEMZE
BrRE SR, FOMNTE O TE L, S S NAERRIE, PG & FBRICERNT 0 2 EMT 2
MV IZ b BB Z AR T I En 0, EHEREICHAMO 2 DEETFICEREbDLEZONL, ZOH
TR INS OEREKD, T4 OFHEEREARIERNT T 5 B & BRI DWW TR 2, Ko
—EBIEBEICER L TH B,

I. EBRAE
1. M, g5, U
ZOMGETH B ERTH 2 CHO K1 Mg id KEARRE (P133) 25 AF L7z, Ham's F12 Bilthic
5 % OFJRIBILTE & I 2 755y & FI VB iREE CO: (5 %) 1 > Fa~—4% (37°C) THIEL/,
Huist#i ko) T©H A, Plumbagin (PG). ethyl methanesulfonate (EMS) : Aldrich Chemical
(Milwaukee) , Methyl viologen (paraquat, MV. mitomycin C (MMC) . cis-diamine dichloride-platinum (II)
(¢cisDDP), adriamycin (ADM) : Sigma Chemical (ST. Louis), PEG 1500 (50% (w/v)) : Boehringer
Mannheim GmbHB (Germany)., Menadione (Vitamin K3) (MD). f1o>E# % Nakarai Tesque (BEED),

2. ZRERRO
XFE I EA 2 B AL (2x10° 1) 1210 ml OFEELEEHEZINA . 9em OFFEMD FicF &, 3 — 41
MEEE, 512400 pg/ml(a) F 7213500 pg/ml(b) @ EMS 212 16BEHEEE L /2, AHFEREGFNRFh
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#10% (a) & 3% (b) TH o 7o, ZERFMEMNEA PBS(—) THE L, MU 7Y VB X ) ZiEIREEE L,
WUEAEHICERKEM 0.4%ER, 6 3 REMELZED) LIcF i, 10-140#, BX LICHE
Lizan=— (1EEXTHIESD) #ZNEN2HOERTL— 1 (FD 18121 5 ug/ml D PG
EED) WIWRERWELLE (LU AT L— M), BHE, PGERE 7L P TIEEEFETER T
O=—%x8 7L - LW 27y 7L, BOLZYUA T L= METTA ML, oo = —3HY
L7 A T L= METT A M L7ctk, KESERKRE A TRERE L2,

3. EfFERRE

LFW AT B AT A VER T 5720102, A EBIEEEICH 208 (10°—10°) % 6 ml DERFEREEH
(0.29—0.30%FXK & 6 %OFRIBIME, 2 FIFRIBEOEY (PG, MV, MD, MMC, ¢isDDP and ADM)
EL) LEDIZENEN 6em OREEMIZE 72, 2 — 385 % CO fF7E F TI7TCTHRER, £ L
loan=—% Kz,

4. SEIROURERIE SV — T O

PG-IEZ M Bk X ) HIAESR 6-thioguanine (6-TG) —MIMEZEREMEE 5 ug/ml6-TGEABE 7L — M LD
IR 72, G418 F 721 Brastcitidine TR EZ 1% 5 72D I F N F N O R EKMALIC pSV2neo £ 7213
pSV2bsr # ZL 7 FURL— g VEICEVEAL, WKL ZNENOEREF 7L — F L DERL
7o MBBTER ONA 7 v Fid PEG1500 2 Al VWHla@ & 217w, 2 EHEF (3EOHME ; (HAT,
G418-sulfate (400 ug/ml) F 721 Brastcitidine S (1 ug/ml) DN 2 ) ERFEMTEIRL 2, ENA T
)y RIS AR EICOWTEAN S 5 EFRREZIT 272,

m & %

1. PG-EEZMEEMOEEE

PG I3 B EZHOE V 9 HOZEREATHEE S 7z, 400 ug/ml-EMS LI C 8 (Pa series) &500
pg/ml-EMS MLEET 1, ZEKOEHEIZZhEN 2x107° & 1x107° Th o7, TNHDEEKRD PG K
SR E G E R —80°CTORIF N L THETH - 126

2. PG & MV (23§ 5 &M

Fig. 1 IZ/RT X910, 9EOLEEMD I b, 6 DR (Pa2, Pa8, Pal3, Pal4, Pal5 and Pb4) I
PG 23 L CHEBL L - REOREEEZ R L2, 3EOLEEMK (Pa20, Pa2l and Pa25) XFEEEDIHV
WM AR L7 (Pa2l & Pa25 OF — Z IR LT e\), PGS MEEREMRIL T 72 MV ICA L T b R
HTHY ., FORRZME Fig 2 1I2RT I3 20TV —FITHEE NIz, Pald & Palb &S,
Pal3, Pa20, Pb4 | AEEREM. Pa2, Pa8, Pa2l, Pa25 WEEBZUTH -7 (HBED 2 ODKIZDNT
7= —IER LTV,

KERE LT, 9OERBITELR S 2 FED superoxide Z84H], PG, MV I § 5 EZMHIC Lo T5 20D
B V-7 (A—E) WA ENF (Table 1 BI), T4bb, Zb—7B (Pal3 & Pba) 2HEOE
oA L CEE M, Vv — 7 C (Pald & Palb) & PG 2 L CHREDESZMET MV 123t L TRV
HTholo FIV—T A (Pa2 & Pa8) PG L TREZUETHLO3 LT, FIb—7D (Pa20) &
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100 100
10 = 10 .
s 2
h 73]
2 3
0.1 . 0.1 -
0.01 | 1 1 ! ! 0.01 1 | ! !
0 1 5 3 4 5 6 0 20 40 60 80 100
PG (zM) MV (zM)
Fig. 1 Plumbagin (PG)-survival curves of the mutants.  Fig. 2 Methyl viologen (MV)-survival curves of the
(O) CHO - K1, (@) Pal3, (&) Pal4, (&) mutants.
Pal5, ((J) Pb4, (@) Pa2, () Pag, (B) Pa20 Symbols for strains are the same as in Fig. 1.

MV IZXT L TCRRSZUTH o720 ZFIV—T7E (Pa2l & Pa25) (Z 2 ORI L TERWESMEETH - 72,

3. X-#§. UV. H;0.. & MD (I3 T 2 B2 M

X-#, UV, & MD 123§ 2 %M % Table 1 12F £ 072, ANZETOEERIT X-FITH L TR
SHUTHoT, 0%EFREEZHHEDPOHMT 5 & Pal3 BESHNRREV, & TOEREKI
He0 123 L CIABF A RR 2 ZIZFBE OB ZM 2 R L7, Pha IZ UV IZ72W L TR O SRR ERE L b
2N E P o7, Pa2 & Pall U%@Z’Qﬁﬁb:ﬁ L TlZ Menadione (MD, Vitamin Ks) & PG X b §§w
IR AR L7, |

4, PUEESEANC 73 B BN

PG B AR BBRIIHSRIOT L CEEVEZE LR S 2 h o 7z, £ 2 Tl DNA HEEA Ml E
TERN R % 72, MMC & cisDDP IZMIFE N BER 12 X A EHER CIEMEREZE 2 EET 5 2 ik oEEH
TH A", Fig. 3I1IRT &) K& TORERIE MMC 126 L CRED B2 5 BRZMAR L7z, Phd 35
B VE Pal3, Pa2, Pa8, Pa20 &R LAk, Pald & Pals IMERVEZIETS - 72 (Pa2l & Pa25 D7 —
5 —13RL T2\, Fig 4 13 cisDDP IIT 2 EHFRTH b, %  OEYIRRITE ARRICH AR TH VS
PEZ /R L7z Ph4 I3RS E, Pal3, Pald, Palb I3 AR ML, Pa20 ZRESZIE, Pa2 & Pa8 (1%
WA REhdor: (FoF—ERLTWAEW), 7. &TOEEMRI Adriamycin (ADM) 1237 LTl
Table 2 [Z7RF & 5 IR ER L ZIZFAMOBRZIERZ R L7z, ADM 3%/ »5E & R o HUESHI </
B CIEUIRR 2 LT 5707 MMC O & 9 (2 2 fHEICTERT L 22w,
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Fig. 3 Mitomycin C (MMC)-survival curves of the Fig.4 cisDDP-survival curves of the mutants.
mutants. Symbols for strains are the same as in Fig. 1.
Symbols for strains are the same as in Fig. 1.
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Fig. 5 Methyl viologen (MV)-survival curves of the Fig.6 Mitomycin C (MMC)-survival curves of the hyb-
heterohybrids between mutants. rids.

(----(O----) (117) CHO * Klneol x CHO - Symbols for hybrids are the same as in Fig. 5
Kibsrl, (————) (855) Pal3neolTG™2 x except (——(O——) CHO-K1.

Pal5, (—— € ——) (733) Pal3neol x

Pbdbsr2, (—— O ——) (742) Palbneo3 x

Pb4bsr2, ( 0 —) (933) Pald x

Pal5neo3TG 1
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5. B V=7 B L CIIST 5 4 OEEROMHVED AT

PG & MV I L TEEEZMEM A RT 70— 7 B & C D 4 BOERKOBIZIHBEEOMRIT 21T 0 72, ¥
ERREBBIRONA T v FEAEY PG & MV ISHTT 2B LR~ 2 & BAERBREFIE PG BAEMEIC
L TAREENETH o7 (F—F—IRLTwAEW), Z I CTHERMEETH S MV & MMC 123§
B FRRE & L CHR TR 21T 2 72

BEREOBFENA T v NIZTLOERERE RO %R L7z, Pal3, Pald, Palb, Pbd (ZxF LTI
B2 B S 2R SR T 120 L CURIEEMECH - 720 Fig 513 4 DOEEKRBOANTONAL 7Y v FIZH$ 5
HAFHIARCdH B, Pald 1 Pals #AAHE T, SO IEE CAHMREICE TS (Table 2 88, 7V — 7).
Pal5 (F 72 Pald) id Pal3 & Pbd M (F— 4% — 3R L TWwir\»), Pal3 iZ Pb4 ZHHME L 72, > T,
INHD3DODEEMRITRL LAHMBICET 2, BREL T B NV—T7 B I 2EOMMEIICT &
TIZoE s Nz,

ZEEMRD MMC-ESZ DS MV-IBZ L L ] DB T I L o THII SR T A9 &9 ERET 572012,
NA Ty 1) RO MMC RS B EFRZF 72, Fig 6 1ZATHNA 7Y v FO MMC AEFHBTH 5,
Pal3 (& Pb4 ZAH#H L, 72 Pal5 (L Pal3 & Pbd ZREFREMM L7/ 2D &id Pal5 A% Pal3 % Pb4
LIZRG AMHMEEICET A LB L TWA, Pald & Pals DA 7 v Fid Pald F 7213 Pals Dk
EFEONA Ty FERBEOERZWEZRL-DOT, Pald ix Pals & [F UMHMHEEICET 5,

IS DFERD S, ZERER, Pal3, Pb4, Pals (Pald)., O MMCEZMIE 3EORL 2EETFICL T
s TcnaZ e, T2 @3ENENO MV BEZHEETICHE L TWwE Z EPRENT,

6. ORI

3FEDZ N, Pa2, Pa8, Pa20 b F 72 MMC IZK L TEZHTH o720 LLAEDSH, ThH6D 3D
BRI Lk A FEOZEFEMR L # 5 T cisDDP 14 L TRZ M AR E 2o 72, Pa2 & Pa8 O MMC 5%
P ER 53 1 B A RS TS & - T S 724 Pa20 IZHH# S e 22 - 72, Pa2 1d Pa8 (ZAHHE ¢ L
BT 5, Pal3, Pal5 (Pald). Pb4 IXBFAMRIAISE Pa2 F 7213 Pa8 &3 YICHMNETH - 72,
fERE LT, Pa2 (F7:213 Pa8) B NHMHEICE T 5, Pa20 ® MMC EEZVEIFEERLERT1O0 L T8
WThHY, MOLEREREL 2, ZOFEIL Pa20 5 MMC BERIN LTEV I/ V- T IBT 52 L %
RLTW5,

Tables 1 & 2 12132 N5 D PG IESMEE RO 4 OFEY 230+ 5, 08, BFEERL,

N. & £

k413 CHO-K1 Milfan & 9 ¥k PG B AR A HEE LT L7z, 209 B 6 kI PG IZK L TH
BECERZETH Y, 3ERIZITVEZHETH 72, EMSIZ L 2 PG BEZMERFHEERIZ 1-2x107° Th -
72o TS DOEEBRIE PG & FARIZHTI 7 superoxide ZEERITH B MV 12720 L TREO R 5 B2V
R L. @R, R, B 3TRICaEE L,

ZORER, IMDOZEEMKIL PG & MV MZEANI§ 5 BZMIC L o T Table 1 IR L7z & 9 125 FEOD &
SWrNV—T, A~E, CHEEN, BTh, ZV—T7 B & CIRMHAIE I L TEBREMETH ) Bk
WV, PG E MV e dlErELY, BV -7 LT, PCIEF /&, MVIZ3BT I v 528 oT



Table 1 Mutant classifications based on-agent sensitivity (I)

Sensitivity group Cell Strain PG MV MD X-rays uv
wild type CHOKI - — - - -
A Pa2 ++ +/— ++ + nt
A Pa8 ++ +/—= + + nt
B Pal3 ++ ++ ++ ++ —

B Pb4 ++ ++ + +/— + -+
C Pald ++ +++++ + +/— nt
C Palb + -+ + 4+ ++ + +/—= —
D Pa20 +/— ++ — + nt
E PaZ2l +/— +/— nt nt nt
E Pa25 +/— +/— nt nt nt

Susceptibility in the table is shown according to the following definition: —, wild type; +/
—, 1.1<x<1.2; +, 1.2<x<1.5; ++, 1.5<x<2.5; +++, 2.5<x<3.5; ++++, 3.5<x
<5;++ -+ + +, 5<x; nt, not tested; x=LD1o of wild/LDjo of a mutant; LD;y=10% surviv-

al dose.
Table 2 Mutant classifications based on agent sensitivity (II)
Sensitivity  Genetic comple- Strain Susceptibility Characteristic sensitivity
group mentation group
MV MMC MMC cisDDP ADM + + +++ - ++++
wild (W) CHOKI - - -
B I I Pal3 ++ ++ +/— PG, MV, MD,
X-ray, MMC, cisDDP
I 1I Pb4 +++ +++ = PG, MV, UV MMC, cisDDP
C 111 I Pal4 + + -+ +/— PG, cisDDP MV
Pal5 + ++ +/— PG, cisDDP MV
A nd v Pa2 ++ — — PG, MD, MMC
nd Pa8 + + +/— - PG, MMC
D nd Pa20 ++ + +/—= MV, MMC
E nd PaZl +/— nt nt
nd Pa25 + nt nt

Definition of susceptibility is the same as that of table 1.
nd, not determined.
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M—1 EUEREZEERER

Who Flo, KEFAMBEISTHEMES B b, MVIZKBETH 55 PG IIKIZE TRV, b
2EOREIMPA~OIY AT N FRAHOELRL EELNE, LAL, I 3RICHBETTIS YL
|27 o T superoxide Z M T 5, o T, MBI/ L CERZEL2FHFOLERIITEUMREICL AHEE
Bk F 72 IEIE T 2 BB (O R Fa S A TTREEA D B0 T DOTREMEIC oV T 5 EHERERE R ZES
NTWivy, PG REESMERKRITVENR D X-F2 UV IS L CII4FICESE TR b o 72, Pb4 & Pall
PEDERRIZHERTEFNEN UV & X-FICH L TR BEZHETH - 720

AFRICBWTHENBRZELRET 5L L OREII OV TEEKOEFR LA/, MD, Hi0,, Mn®*, fer-
ric nitrilotriacetate (Fe**-NTA) 23 L C—EOEEKIIE, FREOBRIEEZ R L7z, £7TO PG B
TR 4 2RI MMC 123 LEGBEEME 2R L7 2 S I3 BBREEV , MMC 126 L T Pb4 1E
Y. Pal3, Pa2, Pa8, Pa20 I FREE RS, Pald, Palb, Pa2l, Pa25 58S A R L7, L {HMbnhT
W5 L 92, MMC i3 DNA #4485 5 2 flitk > DNA BEERITH 5, 2 T, o> DNA Z24EH] cisDDP |2
DWTHFRTz, Pal3, Pald, P15, Phd I XCEESZ AR L7245, MOZEEM (Pa2, Pa8, Pa20) 1XE
HEETRE h o7z, MEPIT L TEZMEEL IR L72ZBRMK, F5IC Pal3 & Ph4 (ZTEMBERIC L DA U4
1% DNA OB ISRV D 5500 Ltz vy,

BRI AR O AT ISR AL AR 2 & o TRz, Fig 5 1R L2ERFIREE b L I12 LT, MV & PG
SO AFOEREME (FV—TB EC) E3BOMEM I V-7, I -—MIFEENL I EARE
N7z MMCEESZHICBAL T INODATEOERKII I — I 3D 7 )V — T ITH sz, O
B —KEF—BETHFRENDZ L —TFD MV & MMC (CEZ IS LTWwa 2 &2 RB L Tw
bho CNEMERT A0, ZNEFNOBEZHICES LB ETFORENLETH L, FSIV—TAD
MMC 52 84k (Pa2, Pa8) R LA/ V— 7 NVET 5, SO DEEKRIT T — DM v —
TEIERRY csDDP ICEEMETE 2 h o720 V=7 DICBET 2R Pa20 ZEFER I LEXRTH
D BRI, BV — 7 E OFEEKRIT 2 U EOEFNI L TRREEETH - 72,

Fex ZLLET~ A ) o SHEMB L5178Y 20 5 Mitomycin BZ M2 Bk E HEEL 7209, Zh b DR
Bb F 7 cisDDP I L TR TH Y. 2 DOMEHI V- ZICHE STV, JbnERKI
PG % MV 123 L TIEEZ TR . CHOK 1 fifgd MMC B M7 V-7 T L N L ZOWEPER - T
Wb, CHO Mg &=~ A DMIIED MMC B A RKOB OMALED 7 2 MIME RS <. AR
M 2RI T 2B o Twivy, $72, DNA ZUERIE A% 5 & 7 A Fanconi's BIHEY
FEREZF (FACC) OIS OEREEANDEAEFIIBAEEFCTH 5, JIE FACC KU FA, A, B, D
HEEFORSsTwLE b IFRBAEOBAICL ) ERKD MMC BEZMEIMBE S NE &9 P HRT
Wb,

ADM &7 ¥ b % YRIOPEEREFC, fMlRPTEIF/ vV ERY), OH 234 L. DNA
WCER L 2 ESEAYIMIT 2 L ZEZ 5N TW5E, MMC IENY V' F v ) v RIOPEESEF TiEHLHE DNA
WAEE L, DNA ORBEZHET 200, 0,7 & OH- 2 5E LB UM+ 5, PG EZMERK, $i2 Pal13
& Pb 4 1d MMC & ¢isDDP \Z3xF L CARZEM# /R L7225 ADM 2% L TREEZH T 2 d oz, INH I
DNA 2R DRI AT 5 DR H 5 L BbN b, Pals (Pald) 1& MMC 12X L TEIVIRSZ ML R L 72
B3 cisDDP 123 L CIAHAZEE, MV IZH L TEBWVIRZM LR L7z, PalsOMIRE 25 L& 25,
DPPH (1, 1-diphenyl-2-picrylhydrazyl, ZE% 7 ) —F IV h V) FEEBEFTFERZ LR TERNZ &8
IRENZY, TN Ehb, ZOERKIZT VI VHEERIBDS L TWATREELSS 5,
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E. coli IZB W TITEMER T 10T 5 BB 0 F 8N TH 5, @EELKE L superoxide 12 & o
TENZN OxyR & SoxRS ZHEH Y 5 R4 HEBMOBRIFEINL I LHF DD o T oY, MV EENA
ZREMRAE. coli K-12 2 5 BEES . H L VaBE{ET mvrA, mvrB, mvrC 23 EEE S AURAT S L7207,
mvrA (& ferredoxin NADP™ reductase TH 5 Z & AR ENY, mvrC IZEIZHBIL T 5 emr EET (4
DRAEWEIH L CREEZRY) D1ETHSL (EmrA ¥ 2 757)7,

INLDGEREERT DL, RAODHLIZERKRIE, 7V VEE, LFWEOBER:, 5 DNA O
BED X 2HERCEERE ST HBEORBTH L LEZ OND, BREETORETHS I
T 2720 OB%EIE, DNA 44651, SODEH L Z0FHE, 7V 7 VIERREOBINZ &, HARITHTH
b, b MEZFMIE OB, 5 VIEoH SN T B IEEEER T A EE . DNA EE5HI1C
RO LZBMBETFIZLBRZMOHEL 2O T, ZHNZWESLETH ), BEFOREZDHSL
THIZEZED TV 5,
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Formation of oxidative DNA damage, its repair and its mutagenic effects

H. Kasai, T. Hirano, H. Kamiya, N. Kamiya, R. Yamaguchi and S. Asami
Department of Environmental Oncology, University of Occupational and Environmental Health,

1-1, Iseigaoka, Yahatanishi-ku, Kitakyushu 807, Japan

Abstract

8-Hydroxyguanine (8-OH-Gua) is one of the major oxidative DNA damages. 8-OH-Gua repair en-
zyme is present in E. coli and mammalian cells. It has been reported that 8-OH-Gua repair activity
is enhanced after cells were exposed to oxidative stress such as ionizing radiation. Therefore, the
measurement of 8-OH-Gua repair activity will be useful to assess cellular oxidative stress. 22mer
DNA which contains 8-OH-Gua at a specific position was labeled with **P at 5’-end and annealed
with complementary strand. This substrate DNA was incubated with a crude extract of rat organ
or human leukocytes. A DNA strand break was detected by gel-electrophoresis and quantitated.
When renal carcinogen Fe-NTA was administered to rats, an increase of 8-OH-Gua repair activity
was observed in their kidney within 6-24 hrs but not in non-target organ, liver. When this method
was applied to human leukocytes, a higher level of 8-OH-Gua repair activity was detected in leuko-
cytes of smokers compared to non-smokers. A 8-times inter-individual difference was observed in
8-OH-Gua repair activities of smokers. Based on the 8-OH-Gua repair assay of each organ after
chemicals were administered to rats, it is possible to predict carcinogenicity of the chemicals and
target organ. It is also possible to estimate cancer risk due to oxidative stress of each individuals,
based on the 8-OH-Gua repair assay of human leukocyte.

In addition to 8-OH-Gua, oxygen radicals cause extensive chemical changes in DNA. We found
that a mutagen, glyoxal, is produced by exposure of DNA to oxygen radical-forming systems in vit-

ro. It was produced with 17 times higher efficiency than 8-hydroxyguanine (8-OH-Gua). Glyoxal
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produced from DNA will easily react with the neighboring DNA molecules. Therefore, this endoge-
nously formed mutagen may be a more efficient and stronger mutagen than other, general
mutagens. Thus, it is possible that the formation of glyoxal is an important mechanism of cellular
mutations by oxygen radicals.

We also found that hydroxylation occurs at the C-2 position of adenine by oxygen radical treat-
ment (Fe?*-EDTA-O;) of dA, dATP, and single- and double-stranded DNA. This oxidatively dam-
aged base, 2-hydroxyadenine (2-OH-Ade), in template DNA induced mispairing with A and C by m
vitro DNA synthesis. On the other hand, 2-OH-dATP was incorporatd opposite T and C in the
DNA template. These results suggest that formation of 2-OH-Ade in DNA and nucleotide pool will
induce AT—GC and CG—TA mutations in cells.

GRS (BRFEZ VA V) 12X % DNA BGOSR HAEY S L BB IR LR T —~Th 5
AEAEICE Y | EEEBRRIIBERUAOM 4 ZRERTIC Lo ThAEL B2 8, FERNTIEBED
RFIZEoTHELLZEDPHL LR, FICEESLCEOER L LTEEENDOH 5, BILH
DNA O EIL 2N T TIZ20—-30R S SN T A DS, BREE L OBBRIZOW T, 7V IVLH
LB 06 TNFENVITT R 04-TVFLVFIVEDER, H50VIFEIMEICIBY) IV TEE
EROBENT BRI IIBIA S T v, E72RILE) DNA HBI5OBIERR I E DRI O W TH I
B b oS EHE SN Tuin,

8-t Fu¥ /7= (80H-Gua) (FFELEIEN DNABHEO—>T, TW. EALLHEL DNA O
FOGZ & h v s iz (B, WA, 1984), O, HPLC-ECD |2 & % @R HT, FEHE 00 s
# DNA FOER, GCoTAZEROFE, BEBZOBHE, X7 L4 F F7—VIZBIT 5 8-0H-dGTP @
AR, AT—CG BEFED L U2 0§ LR, 7 COWIRIC L ) Z20EWENERITRE b > TET,

bbbk, MEOBIEA ML AIZLY) 8-OH-Gua BEBEEEIE T2 RV LA, Bl
2. Ty MCBEEYE FeNTA 2335 L7256, I, B35\ T DNA H0 8-0H-Gua #5017
BT CE L EOBEERENE T 2 2 LW b o7z, WCIRBEEEOBEMI R ro7, ZOHEEE
TR E A ST 2 ILFYEORIEE L FHET 2 HEE LTHEHTH A9, RiCk PAMEROELA b L
ANZDOWTHIZE L 7o, BRERE . FERRMEE | B X O, EF30& oW ORI EkH @ 8-0H-Gua B
LU FOBERBRFENZME L2 2AHL P ICBERB DL W ANIZE 8-0H-Gua & Z DIBHETHEMEA I
B IR LA N L AR B0 LR H L Z LD b ol FREEOREIZIE 6 — 8O AENTE
B HIFz, BN LY KBHE. Wi, LB A 2 25EA L v EENIEEESRE S Tw B, —
. BENC L VRERHBEESE T ) EFEHATIEERRESKET L2 LB MEN T WD, 308 DOEEER A
HEBEILITA—4F 10T, RKEBERENEI00% OEE (#305) AWML, FOEFHORIET, 8-
OH-Gua IEEBEREMN A ME L2 & TAFRED A CTHEEZRICESESB T2 2 LB L7z, F72DNA
? 8-OH-Gua ®ILEFR I T F A2 MEMSA LNz, TNOLOPEMEICS I0EREOMAZEI LS HE
HE) LTV ab N3 8-OH-Gua lEZ /R L7z, A fkid, iFHERP O 8-OH-Gua L NIV B L N2 DI5EIE
OEIC LY . HAMIANOEEEREOFRATEENLE ) e R T4 FETH 5,

BIIEMHEMRFZIC L 58 LV DNA BIFREREROBRE LA ZLLEETH A H, bbbl
EHBRFICL VERT 57 ) A XV BLT 2 FUF 7TV 0L H LWERRERDO A =X
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Lz R L7z, DNA 23 BRE T CIEMEREFE AR Fe® - EDTA-0, T Y % & 8.0H-Gua D17fE5E D
DT FFF—IVAELTZ, DNADPSAELLEHRERE, 7)) 43— LidEb)DDNA LB LT
o TNANEMRRRIC L A RRERO—FERNLEZ bR D, /2, Fe* EDTA-0; 12X BAMHE % dATP &
UDNA XK LAT 728 2 A, 22 FEF L7 7=V OERD O 57z, DNA 1o 2-0H-Ade {3 in vit-
ro DDNABRBIZE D ARCEIANRTEREIL, F722-0HdATP X5 7L —FDNADT 72013 C

EIRF M L T DNA HICHUD A F sz, BAE, KIGESCEWHREZ VT 2-0H-Ade ICX RS
T b,

8-OH-dG

1.5

(a)

B . L 3

%
8 17 o I
L e
= 23—
< o B
]
z
I
Q
o 0.5

cont 1hr 6hr 24hr 72hr 120hr336hr
Fe-NTA

Saline Repair activity

30

(b)

25

20 -

15

Repair activity (%)

0 T
cont 24hr 120hr 336hr
1 FeNTA¥S5HOT v FNBICBITA 8-0NdG (a) B L FFDBIEEE (b) (%

1 p<0.01)
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8-OH-dG

1.5

(a)

|-

8-0H-dG/10 °dG

0.5

O ; .‘-'|2
cont 1hr 6hr 24hr 72hr 120hr336hr
El renTA

Saline Repair activity

30 (b)

25"

20

15

10

Repair activity (%)

0 T
Cont 24hr 120hr 336hr
2 FeNTAGMHDT v PFIZBIT S 8-0N-dG (a) B L FZ0BEENE (b) OEH) (* : p<0.01)

Fe-NTAIZ& 3T v hNE 8-OH-Gua BEEERD LR

8-OH-Gua I&, ZDMIED BT, MBFE L O, XOEH, MESBEOIEH L LI W AL LR
By, EZFTCTOMEEIERNOEEL XL TR 23R HTH L, 40, 2oOBEIELEE, 8-
OH-Gua & FEFIZHIE L7z, 243, HERNT 8-OH-Gua DBEBREEI ST - Cniud, LY dES
FTENEBESNAERE 8-0H-Gua PWERNIIE T > TWA I LERT I LAY, 8-0H-Gua WENE
M, FFMT AN TELEEZ DL THD,

FBIE, BIREWHE CTH S Fe-NTA 15mg/kg L HEEZ TN 6 AilOHED Wistar 7 v M IZH B
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WN#HS L, BRICER, £OBRNER Ch 5 BlHs & OCIFENIELS TH 5 FFEMAET O 8-0H-Cua B &
DZ0BEBRZFEELIE L, FRE, BEESETH 5B T 8-0H-Gua 12DV TIL, Fe-NTA 5%
WBWT1, 6EMEY -2 3L % EAZED: (M1la), AEHRGETE, FRER O E -
7o BARBERIEMEIC DWW T Fe-NTA #5-8T24, 12085B & B S A7 LR %300, 12082 BT,
AREFRSGHELIVHEHL P IIHWEEZMERFL T2 (B 1b), U L CIRERIESE CTH 2 IFlE T 8-0H-
Gua lZDW T, FeNTA 58, AERSHEMF L OAELERME o7 (M 2a), BEBERENEIC
DWTI Fe-NTA 58 C24, 12005 L BT O LR ZFROH, BUEETH LB L 0 iX, X501
Diziroiz (2b),

DXy, ALFREWEICL ) ENERSEOMBIZBILA P L A% 525 L, 20 DNA #0 8-0H-Gua
P TRl Z0OBEBEERL S I AT LIRENT, TOZ LI, TOFENEEBRELRET 1L
WEORELEFMT A20I2, LVEBEEOBEVLIDOTHLIL2RLTEYN, 4BITITHALNT
LWHETHELER D,

B2{E & 8-OH-Gua

BRI, JERRIEE | BMEERK 410% & ) BRI % 7V, 2N EN 0PI 8-0H-Gua R K UV
DISERERTE M % 58 L7z, B T 8-0H-Gua AL IERLE R & LNCFETHL.OE (K3). B1E
BERIEHIT TR 6EE < (M), BIEICLVBILWA PLADPET 5 2 EATRENT, —HOBE
KEL 8-OH-Gua MK BEEBEREMOMMR S K4 IEOMBEBEMRZ R L7z, 72, 8-0H-Gua BHERER
EE, BEE CH7.50, FEREE TS SEOBAESRD SN, LY, BEIXARICERLR
DNA 52 525, TNEFREERO—2IGBEFAFEE, BE, EENERLZ 20 @BLW
SHOFM LR PLETH DL EBbhi,

1.25 0.175
f o *
% [
o‘ Q > 0.15 ° o
" s o
O] © 0.125 o
S P ! o o
& f— (o] o] (o]
© o754 =
= ’ 8 © 0.1 - . o
0] o Qo [¢]
3 o 0 2
L o
% 0.5 o o 0.075 § _8_
g Rl g (? °
® 3 o g 0.05 o 8 )
o) P
0.25- 8 8 s
° 0.025] ° o
[¢]
0 T . . 0 o T N T o T
6}’)0 Qk& Q/k ’bof ‘f:@ Q@
%. §) (N % K
(8 Do, %, & % ()
N K %, N %
) LS ® %
N mean+SD
mean:£SD 0.40+0.13 0.31£0.16 0.11£0.04 009003 007003
0.59+0.27 . . . -
(*p<0.05)
(*P<0.05,**P<0.01)
3 BREC X B HFrER DNA ' 8-OH-Gua R~ D 4 BRME|Z X A OFAER 8-OH-Gua BB R IE 1~
7 DEE
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1.25 0.15
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|
(*P<0.01)
1 (*P<0.05)
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©
“g 0.75 ;
©
3 g
pe fned
() o]
] 0.5 =
% G o.0s-
7 i
o« [e]
s
0.25
4]
0 T
S %,
O,é 7 (“
MR
&
B5 EF) & ek DNA F10 8-OH-Gua AR D B6 EB)&FPERF O 8.0H-Gua 1518
B B E O MR

E&) & 8-OH-Gua

BB E10% % SO RERRAENE GEREEOA) ICHEEI)L T A -5 — % v CRKBREE
IE100% OEB % B L, ZoEear, EEE, 72 MERMRM 2TV, FhEkdb o 8-0H-Gua £k
B O % DISERERIEEZ 72, BENC LD 8-OH-Gua EBEAEICHA L (5), #1iZ 8-OH-Gua 1§
BEEREHEABEC LA L (K6), 72, FBRERDOE VEEEEITES)IC L5 8-0H-Gua £H K
OBEREHEOEH I OBRE 12 L NS oo EBHE b R 4 507, Jhud b L—
= Ik ) B BRI L S, EMERELDNA BB E L A0 THER THE SR TV L zn L
Bbhbd, SNEDOEEDIS, EBC L VBB A N L ADERITID 505, FEEE I SE BRI
bEOIEERREIC L A DNA OB 2 EEIET L VRS LEKICEVRIRE 52 2 WSS H 2 & Bbhi:,

2-E ROFVTFZUILLDEESGR

FAXTT T Y VHEAR (A, dATP) K UTDNA (—A$H, TAK$H) % Fe’ EDTA-O, CTHMLHE L /2
LA, KBALY T Fo v iEED 2 OMEIZAL Twi, ZOEEBELRE, 22v FoFxr 7 I (2
OH-Ade) DEREZFLMHTIZHBIT S 8-0H-Gua DAERE L ILET 5 &, DNA O#4A121d 8-OH-Gua @
WEADDO—ThH o7z, £ < —OHAIZIE 8-0H-Gua L FEETH -7z, HE-> T, 2-OH-Ade 7% DNA
HZAERT 2 F 2 V— b LCiE, dATP 7213 2 ORIEMKOERLIC X » TH L7z 2-0H-dATP (2-& F
OXFAFITF /= 0B SDNARY AT —HIiZkoT, HELTWD DNA SHICELY A F
NTHLNV—=IBEEZLNS,

RIZFH 4 1L, 2-0H-dATP 25DNA K1) A T — ¥ DB & 7% 0 2 BEt L7z, WALEM O DNA K1) X 7 —
YarHOTHY)ARZBE LA, $HEIDNA PO T KU C L2k L C2-OH-dATP SELD A E 7z,
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F 72, BUY AR D kineties #HIE L724ER. (1) 2-0OH-dATP X 8-OHAGTP L RABEICH Y AT NAZ &

&L (2) ClZxd 5 2-0H-dATP OHLY sAAIE, T IZx T 50D AR DK 5D

Lipkho7z, INIZED,

—RETET S EHH

2-OH-dATP LY A& IZ L ), DNA F1{Z 2-0H-Ade ¥4 L I AT 2L

FI &, E722-0H-dATP DI AADERETORY £FHET 2 Z WO L o7,
—7J. 2-0H-Ade T EMRA ) ITX 7 LAF FEHHE L THW, REENDDNA RY AF—¥
FIBTIE, DNA R AT a R BAATTP & dCTP %, 7 L/ —WiH 25 dTTP & dGMP %. 2-OH-

Ade l
. B OBANC X o Tk, dATP LY AT ND Z
L RwiEnz,

E5H1Z, 2-0H-Ade BT A TX 7 LA F FEE
L, 79 A3 FDNA ICHAAAR, ZOEBEED
KGR OTEFLEMMIRL I BT 2 BRFREEZWE L
7o FOREHE, (1) 2-OH-Ade 13 DNA ## %3 L <
F7ay 7z LawZ e, (2) 2-OH-Ade 1¥ 8-OH-Gua
CRIRBICEREFRET LI EPHL 2RIk 7,
PDEo#ERET L0 (MW7) Thb, 2-0H-
Ade DAERIIREA B EEEZFRTH L EDNB A,
ELTETAIERIIAT GCLCC—-TATHA
EHEEL TS

SEXE

X LTHEDYAAL, Thbb, 2.0H-Ade Do 7-IEENBREFRT A LARENS, T2,

s A..._.
dATP —_—T
Oxygen
dATP radicals
o OH
— —p—
[ S— et e

//"'—

57 2-OH-Ade |2 X AEREBROEE
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Membrane

Kazunori Anzai
National Institute of Radiological Sciences

4-9-1, Anagawa, Inage-ku, Chiba 263, Japan

ABSTRACT

Biomembranes have a function to separate two environments (e.g. cytoplasm and outside of
cells). The biomembrane is one of the important targets of the attack by reactive oxygen species
(ROS). Therefore, it is a basic question how the attack by ROS affects the ion-permeability of
biomembranes. Ryanodine receptor (RyR), a Ca’"-release channel, is involved in physiological
Ca®"-release from sarcoplasmic reticulum (SR) in skeletal and cardiac muscles. Various oxidative
stress have been shown to influence the Ca®' permeability of the SR membranes. Reconstitution
studies of the SR vesicles to BLM have revealed that ion transport through RyR channel is mod-
ified by the oxidative stress [Stoyanovsky et al. (1994) Awch. Biochem. Biophys., 308, 214-221;
Boraso and Williams (1994) Am. J. Physiol., 267, H1010-H1016]. In those experiments, however,
it is not clear whether the oxidative stress affects directly to the RyR molecule or indirectly
through modification of lipids or accessory proteins which affect the RyR. In the present study, we
have purified the cardiac RyR from pig, incorporated the purified RyR to BLM, and measured the
effects of hydroxyl radicals generated chemically by the reaction of H»O; and Cu(en): on the ion
permeability of the membrane. In addition, the effects of the hydroxyl radicals on the permeability
of BLM without incorporation of the purified RyR was measured. The channel activity was in-
creased by the generation of the hydroxyl radicals at relatively low concentration where no per-
meability chnage occurred in the pure BLM. The results indicate that the hydroxyl radicals direct-

ly modify the cardiac RyR channel protein and increase the Ca®*-release through it.
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1. F
BAHRIBSC X B2 AREEOREICB W TIE, ZOMMHBRE CEARFOKDISEL BIEEHBE - 7)) —
FIUHNHERIGDELETHDEZEZ LN TW5S, T2, FEWECEWOER, Bl —FEREICLY,
HEARNTIIEEREE - 7)) =9 VDU E L CTHERICEEZ 525 L Z2 0N T0h, [HHEBE - 79 —
TYUANNOEGEEREZEZRH LT, ZOEMMITED L) ZEILEEZ TV 2L I LIZE
EThb,

R HERLT A MR, MERENAL & BT 2 R
ELMIBNICH > TR I bay B 7Rk &
OBV INRE R TR T 2 MINED Z 00K & 25
RO THBY, IS DR EE#EE - 7 —
STYANDODEELZENO—2THD (Fig 1) 2D
£ REABEE, RE_EBEAEARL LT, 2om

~MERMEEAESHALA TN VDY AREI T A Eyy—
JEFIVIEER LD, LIS oC, R 7)) — 2V=-3TAN

FIUNNOENE L CERELYE 2254, [EEEE Fig. 1 Biomembranes as target of reactive oxygen
F- 7 -V ANIIREERMEAT 200, B species.
EHEIERT 200, H50IE, WA MEHT 20052 XHT5LE S L, T, BEREOEILICX

D ZRCBEEHEORESEEY ST AL O WRELEE T ILEND b,

HEEEO R THEBIIRELS ST T22oH5, 121, BEAEOBERHOD DRSS L LT
ETHY ., TNITETHEROR ) Y IRE OIS HEL KO REER L FREOBENEE 2 %E % R
72LTwh, 3912, 414 VRBEYWEIATAN) T —E LTOBETH) ., ZOEEEICL->THE
PRI oM L M2 KBITE . 4%, 3 ha > U7, ANEED &5 2SS oM A
B (AREd) CHME GRIBEM) &2 XBITE 5, IREZERBIZERIZIEA 4 2 IREANET, EoNst
DA G VIREAR MR CTE S, TEREY YIREOBUKERIKEEIELBOKET 725 77— &
LTEVTwE, —FH MBIZZOREEZHRFL T DI B0 4 VIREREEINICT Y Po—
VY BULEDND D, MBROA F 2 IREZBEBIICHIBE T 2 72012034 & ¥ Ry 7 A F v 53 Ak,
AT F X ANDL) RERNLERESEEFE B TWw5 (Fig Do 14 VEEAEROEKIZIE
ATP DILFE I ANF =2 H B A F VR TRPD A+ > DIREDEZ T 5 4 4 2SRk ps, £72,
AF VIBEARIESTAF Y EEBRSELDIEA 4 F v AP EELREE R L Tw5,

ZITIE, EFEORITING 2 O0FERED ) b, BREBEICESELKD ., GEUEE - 7 -V
VAR B S 2 A HBIZOWT, FHEEEE - 7= VA NIC LB YIREOEEE{L R E
BEEBOA 4 VEBAICE R 5EE, BLO GHEEE - 7 — 7 VAV L B LH/NEEO v L
BT v AV OEEE R FRETFERE L B TRRZZERICOWTHRET 5,

0. EEERFE- 7UV-—S VAL BR) VIEEOBRILFAEE_ERD M4V EEEICEA S

E/
=

I—1. FL&IC
HHRE - 70— VANV LD EREERILS . BRILIEEZEL 5, IREBRILISI#T§ 2
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Fig. 2 A Teflon chamber for the formation of BLM.

BT 10~108 Q. cm?
- A AR 0.5~1.0pF/cm?

~200 wm

1 -V CONVERTER

7/

ClS TRANS

Fig. 3 Electrical set up for measuring a current through BLM.
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MEEER - 7)) =7 VAN LY ED X )BT 5% FREPHEEEEZ H W CEEIZHN
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1) BEFEEORRE L VEEROE"

) VIBEEEIL, Fig 2R T L) RTF 7a BF vy oX=—D 2003 )=k AV b (as & trans,
% 1.5ml) OBIZEER L, 2203 28— F XA » bOBIZIE, BEEH 200um OFLE H 1T 725 & 25um @
FIUVENZEATHY), ZOILOETIZ, HOL LR L-HBEEZIRY b s EREY
L7 (Fig 3)o FHEHEFK Y Y IBE & L Tld Avanti Polar Lipid -8 @ phosphatidylethanolamine
(PE: from egg). Phosphatidylcholine (PC: from egg) % 7 @ 3Z{BE L7-Wx F iz, BEICHhIT 5B,
trans FEEIZ L7z cis DB TH O L, BEEMHUIAEIRIE, /V I N—F — %@L TEECEHEL,
FOAa—-FTHELEESFy— L a—F—BLUTF—FLa—¥—Z58 L7,

2) B FOXIIVT I A INDOFEE L

LROF LI I, ARGPBFE LT L o Y7 3 VMK (Culen)y) &BM{LATE (H0,)
EORIBTHESER?, L FOF VT I HVOFEEIE, DMPO # Wb ESR ALY M7 v ¥V 7T
TR L 720
3) BERLIEEOERE

FHEZ KT 5O Wb 0 & F UMM (PE/PC=7/3) ) YIEEZHV, NARY =75 —%F —
HWT—ER) Ry -0 %2BE LY,

JEY—2 & 1mM Culen),/100mM H,Op THESHE - FOXF LT VAN & ERIp S8, —EH
TEICRIBEARER Y, Y F Ly MY T I V5 EEE (DTPA) 2L CRICEEIES 872, son
RVL Ay = (20 1) THlREZHMEB L, @b EZrEE Lz, REoBRIboEE, &
BT, A= FA M=k BXOFANNNVE Y —VEEE: (TBA ) TITh - 72
Oty o v "

FH  FREOBMILOETICL Y EES D URTETC S, INEILE Y = IRFRNZ UV IRI» 5
EET D,

JiE s OuRML SR ) =R INFL =Y 3 Y CRE LR, B RIFEE Y7 BRI R
L. 233nm OWIBE & Hl5E L7z, EMBOBRE 2.52x10* 2 FWC, &Y 2> ol 25 L7,
Oz —FA My —3

JEHE : mER LIEE (LOOH) &, LOOH IZL WAL 2 L ASHEE O Im OFETIC L 1222 Us%FIH L.
A U7z I R REERED S EET 5,

FiE o z0ukVa Ay ) —VEINEL—S gy ThREL, Bo2lREIczaakr s  FaRE (3
D2) AULA ) T LB EMA, SOCEERES NIy ABWEERMLU /2 2HICHHEL 7 FEYiE
LY, 353nm OWIEE %2 1%E L7z, BNVIERE1.73x10* 2 W THOGE 251 L 72,

O TBA &
B BRI oS TchE L a V7T K (MDA) & 250FDF F /30y — LR (TBA)
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RIS L CHREMEPERT 52 L E2FBT 5, &ilt, REYWHEIL MDA UAOT7LVFE FORIEHS b
BELAZENBESNTEBY, CORGEYES MDABETADIFELL ZWVEEZLNTWS, L7z
Mo T, FREYEES TBA nEY (TBARS) tdHbbT,
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%, 2000rpm TLOMEG L, EEOWIEE % 9% & 535nm CilllE L7z, ENVPIEMRE 1.56x10° 2 H v

THENEZRIE L2,

I—3. #REBE

1mM @ Cu(en), & 100mM @ H,0, DI TH L
e FaFI VTP H)V%E DMPO # FHHWTAE »
NIV YT AEEFg 4D BT 2 2
1 OFEED 4 KD 5 % A DMPO O OH i hnffic
¥EH D ESR A7 P I N, TOANRY
MV OEREE ISR & A L, 6055 FRICIZIZE A
SRS SN o 7z, Fig 5 ICARY MVERE O
BEAET RS, COFITT70bbrbd LI,
1mM @ Cu(en); & 100mM ® H;,0: 12X A P F
VIVT U ANEEAER TR, TV HIVORED LR
R TH D 3057 RS AT nE Z &
Bhirb,

PE/PC=7: 3 DIREFHELD cis 55 1mM O
Culen), & 100mM ® H,0, 2 fEf S+ & . Fig. 6
D& RIEEREASBE SN, 26lL b RAD
6 — 7 7 IREEREICEBE I NS, (4 > EEk
DEAITEZ o Tz, D%, BHBEMA L7
WIZBIZD, 1058 E» HEE IR o7z, 16—174)
THREBIE SN, T—F RS WA, IIH)
HHEROBEE K LT, 0.5mM @ Cu(en), &
50mM @ H;0, » A Wit 0.1mM @ Cu(en), &
10mM @ H,0, % 7255813, 600 TH EBILOD
BB S N b o 72,

PE/PC=7:3 DY VFED»H %5 —HEE ) K
V=412 1mM @ Cu(en); & 100mM ® H,0, » fE
HeEzL &0 EBRILOERZENE Fig. 712
KT, EV T UEBLUE- FX N —FEOWT
MIZBWTH, AW IREARILOMELT &, —ER

0.5 min

smmMﬁ JK\N

12 min

20 min Mﬁ/\/)\%/\

60 min

Fig. 4 ESR spin trapping of hydroxyl radicals by
DMPO. The hydroxyl radicals were generated
by the reaction of 100 mM H;0; and 1mM
Cu(en); in 150 mM KCI and 10 mM Tris-
Hepes (pH 7.4). An aliquot of the solution
was mixed with the same volume of 100 mM
DMPO at indicated time after the initiation of-
the reaction and the ESR spectra were
obtained 1 min after the mixing.
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radicals as shown in Fig Fig. 7 Time-course of the formation of diene (Q)
and LOOH (@) as indices of lipid peroxida-
tion of liposomes made of PE/PC=7:3.
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Fig. 6 Effect of hydroxyl radicals generated by the
reaction of 100 mM H:0; and 1 mM Cu(en).
on the permeability of BLM formed with
PE/PC=7:3 in 150 mM KCl and 10 mM
Tris-Hepes (pH 7.4). The membrane current
was measured at the membrane potential of
40 mV. Typical two traces {ex. 1 and ex. 2)
are shown.
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Btk OB IESERE S Nz, —ERBRICBRIEIMFILT 20 FOX LIV T I NV OFERE
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EARIELTWABEZ &b b, Fig 5 128V T304 LIRICIRE AL —EEIC % 5 Dk, FERD?S
DT IANFEREPRELMBT T A0 EEZONDL, T2, I 2 THES W2 IREBERALIEHE T
TRELEELAEZE FOF ULV IVANVEDRIEOFERTHELEER b,

v REF VT U IVESEREE, IREEERL, B L ORERLLORFELELLE —2OICFE L7 (Fig.
8o T I T, IREBAMBILofEE LT, EEPZ EBITE - F A MY —IZ& T TBA ZEOK R
bIRLThb, ORI, JFEOBBLEEEREMIIAIE L TE ¢, IREERILIC L 2IFE B
DEBE LADOFGIINSVEEZ OND, o T, HHRE - 7V =T VAN L BIRD A F v E@E
OTGEDOREREE Lk, REZERED A 4 v E#EMOTTETIE R, 44 Y EBICHET 5 REHE~
OVER % E 2 50BN S 5 Z L DRI STz,

M. EMEE - 7= hICEBENNEEHIVY T LEREF v X ILOEEZEAE
M—1. LB '

BRI - B EORAEICB VT, MRSV Y LBEO EANES L Twi b Tnb, Lz
Ao T, B - FHERTHRET L LEDNLFENRE - 7)) — 7 VAN PITHIBN AV 27 LRED
FACESG LTS 2HLPIT 5 I L 3EELZRETDH L, NNV 7 A4 F ViRED EAIZIE
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D AR A 0V S v LR R ST 5 ECROEETH L, HUEEE - 7 — T VA VTR
BT AR AR IR EE > TWABH NI LRy T (Ca* -ATPase) DIEM#HET S 2 &AL &
NTWBYy =T, HEMWERSE - 79— VAN L BH/NED S D710 2 LEREOFHEALIZE L T,
5/ NARI N % IR T MR SRR A A 2R & . V2 LT v AV () T Y U RHR) DN
HALSNTVAZ EARENT VLAY, 2 THV T2 IEEBEmIMS, /2. Z0mHEE
BN AT Y AVICEBEERT 200, FRE S EENCT v AVOBEHRTFIEHT 200, &
Vo 2 IO B 5 2Tl v, 72T, NEEPEBEEE B, B LY o LR v R L O
AL FRF T IHVOMERERARLZ L2 L ), LEROMBEOMED—2 %5 L ) EE2 T,

M- 2. Fik

1) Anvy o siEdF v AL ()7 D rREE) O

T LE SR L /N E S E FEE A @ 3-((3-Cholamidopropyl) dimethylammonio]
propanesulfonic acid (CHAPS) THVA(L L. L s MEEGER LEB LAY ¥ - 7 HO—-AH T L2
U= b 7T 74 -2k D)7 YRR ®RyR) EBRLE, K8 VIRETHET VL F Y LIRE
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2) FEEPmEiRE

ERS, ITEIORL-EETIREPHEZ R L 72, “PEEZEEE & L Tid Avanti Polar Lipid fH# 0,
Phosphatidylethanolamine (PE: from egg) & F\> 7z, FHEZE OBEAK & L Tid, 150mM & 5 it
200mM KCI, 10mM Tris-Hepes (pH7.4) % F w72,

TFHEEE ., cis BlOBERE —HKEMWo T80 3M KCl, 10mM Tris-Hepes (pH7.4) & 78y 2
CEIEY, csllEERICL A, BEIVIYLBEEF v ANVEECTOT A ) R — AR FHEHBEICA
EEHLZEIZLNF R %qzrﬁﬂ%b:;‘%ﬁ&i}_\f/\,ffo

M—3. FREEE

TELHN L ORFEEAT v FITL Y FER 400kDa D) T Y v ZEARDSDS FIVESKEITIE
EH— N FELTRZAFTRESN, CORBES TV )T /Y AT, # 120pmol/mg
protein T&H - 72,

Open =

40pA

Closed » Rl
imin

Open »

G il ﬂm . 40pA
Closed » Lol |1 WL i

500msec

Fig. 9 Ion channel activity of purified RyR incorporated into the BLM of PE. The solution at ¢is compartment was
900 mM KCI, 10 mM Tris-Hepes (pH 7.4) and trans was 200 mM KCI, 10 mM Tris-Hepes (pH 7.4). The
membrane potential was +20 mV. The lower trace is the expansion of the time axis and reduction of the
current axis.

R 7 )V AR ERETFREICHAAD & Fig 90X ) VRS 2Ry H—A 4 v F v
PVIEBEDSBE SN/, ZOF v A Vi, ATP RIS & ) MRS LA L (Fig. 10A), VT /¥~
DEM Lo TR REBICEE S L/z (Fig. 10B), WM & L T cis 75 900mM KCI, trans 7%
200mM KCLIZBITA LV 70y NI Fig 11 0L )22y, HEP6I V¥ 75 AN T31pS L o7z,
FELENT —34.9mV B> 5 Goldman-Hodgkin-Katz D2 FH W TEIE &/ 4 4 v B, Po: Px=
0.03 7%, HFA4yBEREIIRENT, ITNHOMFRIT, BRICHES N TV B AT Y LERET v &
VOBWEE—FHLTBY, BELALV T/ VBB rPEREMEZRELTVwEZ 2R LT h,

B8 7 Y R EROE—F v A VORBAPBE SN TV BRI, cis 55 10mM @ H.0, 2 %M
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40pA

1min

40pA

1min

L..__. Ryanodine (1 uM)

Fig. 10 A) Effect of 1 mM ATP (cis) on the ion channel activity of RyR. The experimental conditions were similar

with those in Fig. 9. B) Effect of 1 ¢ M ryanodine (cis) on the ion channel activity of RyR.
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2 min

40 pA

1 min

L Cu(en)s (0.1 mM)
Ho09 (10 miM)

Fig. 12 A) Effect of 10 mM Hz0; (cis) on the ion channel activity of RyR. The experimental conditions were simi-
lar with those in Fig. 9. B) Effect of hydroxyl radicals generated with 10 mM H;0, and 0.1 mM Cu(en).
(cis) on the ion channel activity of RyR.
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Lzt av ¥ 5y 2B L 0HOBEEO VTR H 50
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EFRXF VT IANEFESES L, Fig 12BD 30
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MErL, a0 08 Y ATEDLL P2, Ty A VOROMEES EH L7z, Thbb, LlEICE
WCIEHIIBA A v 2 L ETTRE T & B D/ INBAR DI EB DS, AN T LEHEF v ANV TH BN T /D
VERFEANO FOF VI VA NVOEEERICL > T ERTAZ DML holz, Thbb, Ll
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W
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Cellular signal transduction
Tetsuo Nakajima and Osami Yukawa
Division of Biology and Oncology, National Institute of Radiological Sciences
4-9-1, Anagawa Inage-ku, Chiba 263, Japan
Abstract

Radiation effects on living organisms are mainly caused through reactive oxygen species (ROS)
on living cells. It has been well known that ROS damaged to various membranes and that biomem-
branes play an important role in cellular signal transduction systems. Therefore, it is suggested
that ROS is a critical factor of regulations of cellular signal transduction pathways. We studied
effects of radiation on cellular signal transduction systems in rat liver microsomes and primary
cultured rat hepatocytes. IPS-induced Ca®* release from microsomes was markedly inhibited by
radiation, though Ca®*-loading capacity of microsomes showed no change. Radiation suppressed an
increase in an accumulation of Ca®' incorporated into hepatocytes in the presense of ATP, gluca-
gon or both of them. An increase of IP3 productivity in the presense of both ATP and glucagon
was greatly inhibited by irradiation. These results indicate that radiation greatly inhibited the
regulation of Ca?' signaling. We have also studied radiation effects on protein kinase C (PKC)
activity which have much relationship to Ca?* signaling. The activation of PKC in the hepatocytes
was altered by irradiation. Ligand binding procedure for PKC using *H-PdBu demonstrated that
the PdBu binding content increased in the membrane fraction and decreased in the cytosol fraction
following irradiation. These results suggest that PKC molecules were translocated from cytosol to
membrane after irradiation of hepatocytes. The induction of lipid peroxidation in rat hepatocytes
by irradiation was markedly suppressed by the addition of Trolox, a radical scavenger. The treat-

ment of hepatocytes with Trolox caused simultaneous inhibition of the radiation-induced increase
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in the PdBu binding content in the membrane fraction. From these results, we concluded that
radiation-induced activation of PKC is due to the translocation of PKC from cytosol to membrane

as a result of membrane lipid peroxidation through ROS produced by radiation.

I. #
Z DEROERMNEEREE - 7V — T VA NVIER L TwA Z EPRA LIS N, ERICEE
RS TIEHBRERORESLMEHBE OB D 5N Tw b, AEREEROMIEI IO 25515
CREWREED BIFTWwE, K4 OMIBITHIANOEKEOR ) L I L) EENIC BT A& TO
VHRPDTDEDTH S, TNODEEMIHILERTERTH Y . AWOEFEEOREE, MBOMEHE,
b, BEEEBICEDLL 0L L TENFOEELMAN R Lo T b, EEBE - 7 —F VAN
EYNTT AR E 2D R ECEELF| SR T & 2 ICITMRBREEROEH 2 ML TnE I &
WS hOOH 5, MEHRIIESEEE - 7) -V I NVEELEEL000EDTH Y, SRS
WCEDETHEEEEE - 7 — 7 VA VRGN TE A OB (B, & oo B IBE) A L.
BATHEERFIERIT I L AL AIT SN TV DY, R IR E CIZERNERES O 7% 4T b iEE
B 7=V W NI Lo THLE NG VERBE~OBELFET L CE7/2, T v MNBFEICBWT,
POSHRRIBETC X 0 A 2 AR E O Fe E B LRSI & 0 /NEAREIZ B 2 MR HEER PRGN
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Mt - MR - BRI TEEFBIRILELLND, S0, FRATHRBERTEROP T LRI
HERIEE ORERGEV Ca*t 275 v 7RECHFF—EREFLIE, Ty MF. T v MOMUETEITH
% VTR E R IR L BRI O W TR B,
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0. BREUEE

1. 7y MEFMIRBEICBIT S Ca®t ¥ 7)) v 7 RDEE)

TP & 9 7% JEEE ML I B W TSN O Ca IEMIECo D 728N b 4/ 2 b= 3 1) Vi
(1P3) ZSHEIRT& LTEE, Ca® #FHI LTV 57,

NBAEIEIENIC BT 5 Ca®t DIFEETH Y, MIFEEICHERET 5 IP3 L+ 74 —% Ca®-ATPase
DB E X DA Ca* BEFHIEH L Twb, 20X ZEIZBITAY AT L I3HEEOBLA L
Ak o THENRS 2 LIS N2, T v FIVNEEEES % ATP 7 T T 9Ca® % & 4R
e 1 ERFHELEE L C Ca* 2T S, 50Gy O X M L7 Ca® 414/ 7+ 7 Th b A23187 = H
WTMNBEBER IR S Twb Ca> 8%l L7z, ZOME, BHEHRIEHHZ D Ca 0lFENE{bL
LipoizZl bhb, BUHIEEICL D Ca® OIFEEESHE SN2, S/ Ca® 2SRtz 0§ 5
kW hwborEZ SN (Fig 1)

RI/NRAREIC BT 2 IP3 KD Ca* MM~ DOIETHREE L A7, L0 L) ITLHE L T Ca* %
BPjEE S 272/ NI 1P 2 EH S Tl & s Ca* B2 IE L7z BETHREEAHZ L b 5 v bR
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Fig. 1 Radiation effect on Ca®" loading capacity Fig. 2 Radiation effect on IP3-induced Ca** re-
in rat liver microsomes lease in rat liver microsomes
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Fig. 3 Radiation effect on Ca*' flux in rat Fig. 4 Radiation effect on IP3 productivity in
hepatocytes cultured rat hepatocytes
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C-FF—LOBMWEMIZL 2D THLWEEMZ M ORBEL TV, £2C, MBEHESG B & OBEES
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nonirradiated 50Gy
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ERIEREDET A 2 LB SN T WA Y, FOERIIHAHTH 5,

Ky Ry A TR HER O ERREROZAHLSENAMEO T R — L 2BET S Z &
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T LTI, WA DREFTETIZE T HNO DUHEEL 7R M= 2T 2HELMAT L. CODFin
HERTWT 5o

VKRBT AL R SFEFE LS, TRBURAR L 7 —ERE ST

90



TEHERRSE - 7 ) —F VA v DF5H

B IS A D B AR f

g, WERE Y FHEIRY, LEtig”

Antioxidants in Medical Therapeutics

Toshikazu Yoshikawa", Yuji Naito?, Norimasa Yoshida", Motoharu Kondo"
1) First Department of Medicine, Kyoto Prefectural University of Medicine,

2) Department of Medicine, Hikone Central Hospital

Free radical reaction is closely implicated in the pathogenesis of several kinds of diseases including gas-
tric mucosal injury. The sum of the deleterious free radical reactions going on continuously throughout the
cells and tissues constitutes the development of various diseases or is a major contributor to those diseases.
Especially, oxygen free radicals, superoxide radical and hydroxyl radical, have been implicated as a
mediator of microvascular and parenchymal cell injury associated with inflammatory tissues, such as Helico-
bacter pylori-induced gastric mucosal inflammation in human. The intcractions between neutrophils and en-
dothelial cells are mediated by a variety of immunospecific adherence receptor-ligand pairs that are coordi-
nately regulated on neutrophils and endothelial cells. Among these, the CD11/CD18 glycoprotein complex
expressed by activated neutrophils has been shown to play an important role in neutrophil adherence to en-
dothelial cells in Helicobacter pylori-induced gastric mucosal inflammation. The present paper reviews recent
evidences that oxygen free radicals are involved in Helicobacter pylori-induced gastric mucosal inflammation

and also present recently proposed antioxidant therapy in this infectious diseases.

(1) # =
N BWICHAET BB Helicobacter pylori (H. p.) DFEFRY 12 TP ERBEROBRIIKS S
mﬁ%ﬂzfm%oﬂpdwwﬁ\@ﬁ~2b507\mwﬁvmﬁﬁwé%?ﬁETbetb@g
LEEBIZRII L7 v VIRBR ChH B, 20%, BokEP.LE LT H p L ZHEEER L OMEHIZE
S, BUETIE Table 1 IRT & 9 BB L ORREABSTERH SN T 5, 18R L Y FIZEC &L 221
EERONTEEUEMEBTRS ., H p BREICHETHZEPREICHN LD, REAETEERL

1) TSP LEER RS E—RE 2) P gum b AR
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Table 1 Helicobacter pylori-related diseases OHRFER O IEFIHERSINL EZHE L > TS,
e $7. BHEE. T OISBEE L o R AR Tk

WA ENTEEEDL, Hp OBRWIZE W BIREZBIETE
M BIEDHIODER Y, LRI L CHEDE S
T AR . . -
BRI % LBERLHAAONT VD, LarL, H p BEEIMO
TR R & EYE L B ) PUAEMEIC L A BREEEIBTS Tldk
1 o SEETE MR R e 155 "
MALToma <y F7o, FFICBIUT A0 TRHVEREE (RELYIC
=k $BE, Hp OB MERI0F T T THEICHL %

DEIETEAL, 40 L V5% aIRICEMIC LR L,
D77 F—I10ZET5) W, BRELGVEYEOKRGLBELSIL% 2 %\, AT, HERTIE H p
YL L BHEGEORT OO TR, ZOFMEMIL, Hi- 2K 2L 5 2 L2 FORE
THY, FrBEEA NI TV DML E L DTEEEbH L, RV VRYTLTEINETIIHHEINT
&7 H p EHOME, MGEERT 2B L, HERE - 70— I VW IVOHED S AIZIHE, RIS
DV TIR A7z,

(2) H. p. BEEFPERE

Fig. 1 (& H p BEBHEOMBEE TH L5, &
B 70 SAEAR IR . BRI E S A S A, BFHERIS
—EREKIE LN E CIRET 23BN 5,
ZOX)RMMBEIBREDCEEID L OO H p K
e BREOITH 5, H p WAIZF B R HE
BRI G, BE T AL, MR OREER
v, LaL, EREALEKRE TR b
DHERE L, BHIE LR OEE L. RIS E R
I, BE, FEEL T, TH)WVo 2@ MEN Fig. 1 Histology of HE-stained antral biopsy from a
P %6 L 1P LD ZALIE BRI 12 & 5 N TT 32 patEnk with Helasbactse mylos,
fBLEZONTEZD, Hp BEORLNGVERBEICEEMmEIETE <, BESROFERIHFRZ DO
RBROCTH p BEDPERNEEZOND L) -7z, LA L, £0BHBEMBGERTICOWTIIAH
EbD %V, AMEREMAICIFOFEELRF & LTid, BHE LR EME»SEESNE AL 5 —1
4% 8 (IL-8) % H. p ¥EEMHEIC X 2155 S neutrophil activating protein (NAP) % &A% 5T
Wb EBI, H op BPERBHWE (water extract) ORI & 0 BIMLER— M PR A B UGASTTAES 5 B
GBS i vivo % H N in vitro TEIE AN EY, ZOMBTHOBESTEEMEIZ, B, X7 VICET
B, WFhEREE EICHEET A5 T CD11b/CD18 O % Tl S &, ME MBIl RTE 0 &5 T
ICAM-1 & O THiluEEAE B L OFHIROMEINEEZF| R L7z, Fig 21320 H p I X 5
TP EREES 1 M T BEEE S TSRS OB H725 D TH AH)5, CDI18 &5\ L CD11b IZKT 5
PRI L DABICEES IR SN TV L, IO ORFERIF, H p BEEIC &) BRBEICRERIDAT] &k
ZEN, FOFRISHREEEICERT A WEEERL TV,
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02 RNH2

Lactoferrin

E-sel | = Fot
P-sel ’ __ . ) idase
0 10 20 30 HO'
Neutrophil Adherence (%) N
. Fig. 2 Effects of monoclonal antibodies to adhesion Fig. 3 Reactive oxygen species produced from acti-
molecules or mouse IgG nonbinding protein vated polymorphonuclear leukocyes

(NBP) on PMN adherence to HUVEC induced
by the H.pylori extract.

Each value represents mean+SE of 3 experi- (3) SHEREELH-XL

ments in triplicate. i o

#p <0.01 and #p <0.001 as compared with AL S 720 P ERAY H. opo 12 & B BRI
untreated group. LEDELH G LTI TRUTO &

(adapted from ref.3) R o
A GAGRAIRIBEENT WA, DF ), Hpllko

THEE IR U2k K D EEE SIS O D WIEFILCIRET A4 OIS HEIE G E 2 5] &2
ITEVILDTHS (Fig 3)o HHERIZHEHEALENL EA—=FF T F (0,7) ZEAETH, A—/3—
¥ T FIZEEUALEIEG 2 5 N superoxide dismutase (SOD) DFAE TICEERLKE~NLBEILEN
5o

SOD
202_ + 2HT - HzOz -+ Oz

X512, BEBILKFZIZFFHERRNO 7 A= VIR OREIZ L) b 725 &7 myeloperoxidase (MPO) & Hidk
A4 > (CI7) OFET TLIEEDHE Y hypochlorous acid (HOCL) 254 U A, HOC! (3@ bk 312 i
LCHRIOEDIEEZHTAHAEENTBY, L OEFNGTHEERIDLEEZL 5T EEZLRLTWY
5o

MPO
H,0. + CI- + H* - HOCl + - H0

E 512, HOCL X7 » &= 7 OAFAE F Cld monochloramine (NH,Cl) &\ 9 & 5 [CHIIBREEMEO R W E
ERT 5, TVEZTIWEH p IV SN L7 —BIZXI)EESND,

NH:Cl ERAEMTH ), MEEZFEDIEBRT L2 L0, Mo THEMEATRVE SNTB Y, FRILEKD
«%7u@y%7»y%ﬁyr&ﬂ?%:t&aﬁ%ﬁéﬂfwyw FEBC, BRI M A v
PR T, Hop Al X AL E NP ERIE BRI E AT ISR L, 20BEE Yy T £,
571y (HOCLHZEAD ., AF4=> (NHLCIHZEH) KL VABFICHHSND, 2 Th, AT+ =
YOSEW IR R A RS L L) NH.CLAY Hop \2 X 2B ERFE O L Tl b EELRE % R/
LTwhEeELTwhEERLNL, 7z, EBITERILKE, HOCL, NH.ClIZ X o TREMKREIEICEH R
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BRI B EA T ZRIENL I EBFERL TS, TRLORKERIE, EHIFRERIc L VEESN
% 0,”—=H,0,—~HOCI>NH,Cl »"WEBEICEE THH L2 RTIDTH 5, £/, b MBI HHET
T H p BYEEHECIIFPEROMEMBEOMRIECTH 5 MPO GEHEAEZIC LA L, 5P thiobarbitur-
icacid (TBA) UL E b EEx & A 2 L 2R L T 5,

(4) HMEILERZHE T % BHEERER

BRENROD LTAWE L DBEBEEPREOANRREETH LI LITLKRTH LD, Hp
®%Hﬁﬁwﬁﬁ\Hp@ﬁ@%\%é%gﬂiéﬂ@ﬁ\@bfgw%%ﬁﬁﬁxK%KEwTM@
FRBAENZED b T Wi\ EW L Dh 0 RE

BB, HAETZTICHL NP E R o7z H op BRI NAAP/ | PAF, fuLP, C5a

IO EHERERFEL T LEDOL L Fig 4D L) I

Bho ZOL) GHENLTIUL, REREIINT 2 Adhesiori’ olecules i

WLV OPHERICAN SN, fo & RIE, AF Netitrophil adherence

PEROFHLOUN, FHREOWEL L ThE, oo Nedopl I reton

ER, W OoPOBRIDE SN TWAPUEEEIZIE Reactive Oxygen and Nitrbc;gen Species

DOk iR S, HAEIE 2 HT 2 Gastric Musosal Injury

bOPHwEENTVBEY, Fig. 4 Pathopysiology of Helicobacter pylori-induced
FIBLVER & 0 L TR S 7 b 16 — gastric mucosal injury

Vv A& W (polaprezine: N- (3- aminopro- Cw

pionyl)- L-histidinato zinc) 2%@ %, i3 LLAT %30 1

LD BIRRLIERARE SN TBY, €O =206 8

ELCHOBREIEILES SHEORIE TS §

P RIS AR XS S I

LEREND D LIZE ) ZRS OBBEBKENED " o mag 5 g 100 Sy
FUANTIEERETH 2 L2 EDPRBENTY Polaprezinc
BV, Fl, AN D UIE B SR E R O e
BIHEAETAVRTFRTHLD, V)T iZD Fig. 5 Effect of polaprezinc on the total area of gas-
BT AL AR S U LR R Lk LT tric erosions induced by ischemia-reperfusion
% { OHBRALER I HE CHES N TR0 B, e (adapted from ref. 11)
polaprezine (& & b IZHIBRALIEA AR EN TV A
FRE PN TR XL = MEESEIHLEY TH Y BTEERN B RIEEE ST 2 A AR &,
BN BRI EoBmE e+ 5 (Fig 5)"%, M2 T, & b BEBEICHT 2HRKBRICBVTOLHE
MELBED LN T D, BEEWIE, invitro 2B W T, KEE TR —BEEBRENFELERL T 7V =1t
WA B VR L BIFRERA —S—F F 2 FEEEEHIEA, ttifié@?%‘z‘%f?@ BB ERRALHIHIER 2
A=8=F Y FHEREEL EPME SN TW AR, F/o, Bl T H p \THT 5 EHE 2 HUEEH
Py LT —YHEEHZSORWIZENTED, %K%b:?fﬁé%ﬁt DOPFFIC X ) 1O THEIT H p. B
EHRETLOLIENHEINTHS

F7o, REBEEICH L CHERIR f*ﬁﬁ STV 5 rebamipide 12D W O DFBLIEHSRE ST
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5", rebamipide {& CuZnSOD P % #| T & % DDC
(diethyldithiocarbamate) 12 & 5 T v MRIEENERE %A
BICHIHI LY, 720 RILAERMEBRREES R 1 >

FAS L b BRIEREDFEZ IS H 2 &9F
WME SN T 5D, in vitro 1B A HE T b rebami-

pide 25 M RMWL I EHIMERD O, D EA % HIH] L Contol 0 6% os a0
2O e RORYLTUHLEMEE CHET S L Kot
BHEHLPE Lo TBYD $720 H p 12X DiEHEAL

BT 7 ERIC & B BREER IR REE A A B Fig. 6 gastric mucosal cell damage induced by

B
o

n W
? o
!

Specific % cytotoxicity

o
—

#p<0.05 vs Neutrophils+H.pylori only

BT 5 (Fig 6)0 =5 OHEEIER AR fhpyloriactivated meutrophils and the
effect of rebamipide.
OB oTnAEBDEEZLNL, TOL) LR (adapted from ref. 18)

0% Vg VA NVEEIEH%H T A rebamipide A%,

7y MNEREEOBEE IR T A I L ORENTBN Y, SRBHEHERL 7Y — T VANV E OBEE)
L) —EHS P % 512D, rebamipide DTHALIEEE G T 2 AHUIREND b DEEZ LN,
Dar & 0 BRRICH SN Q02 s EEO 0 IO RIUERH 2 E T2 b0 bbb vh 5, $72, ¥
FHEOMEBEM & L COMBLERIFER SN TBY, 22T W IEERZ 0, HEEH, v F
DX T IVHMVERERSH Y, 7 v NRIEREREBEREEES I OTT 280D RnZ2shTn s,
Fro, ERETE VA, BEORMBO LV FEER. B S N EEED 2212 OIHEBREOWEIEH
YETHLOPRMENT WA,

(5) &BBbHUYIC
H p G L A BRIEEEORKFEICOWT, [EHEBE - 7= P NVOE»SESEEIMA, T2,
BAEBHRIGH SN Tw B EROTILIEFIC oW T B L 72,
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Biological Defense Mechanisms

Kiyonori Yamaoka
Radiation Safety Group, Central Research Institute of Electric Power Industry

11-1, Iwado Kita 2-chome, Komae-shi, Tokyo, 201 Japan

Abstract

Excessive active oxygen produced in vivo by various causes, such as excessive stress, is toxic.
Accumulation of oxidation injuries due to excessive active oxygen causes cell and tissue injuries,
inducing various pathologic conditions such as aging and carcinogenesis. On the other hand, there
are chemical defense mechanisms in the body that eliminate active oxygen or repair damaged mole-
cules, defending against resultant injury. In this study, we examined the characteristics of these
defense mechanisms such as inhibition of DNA injury and lipid peroxidation in the biomembrane
by anti-oxidant substances. In addition, we clarified that a small amount of active oxygen, pro-
duced by an appropriate amount of physical or chemical oxidation stress, activates not only these
defense mechanisms, such as induction of the synthesis of SOD and HSP70, but also the biomem-
brane function, such as enhanced ATPase activity. It is possible that activation of these mechan-
isms alleviates in vivo oxidation injuries resulting in alleviation of pathologic condition, such as

symptoms of diabetes mellitus.
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Fig. 3 Time Dependent Enhancement of DNA Damage by Superoxide Generating System. Used XOD was
100 munit/ml. Upper panel shows the pattern of damaged DNA distribution in agarose gel elec-
trophoresis. HT, highly twisted DNA: Open, open circle DNA; Linear, linear DNA.
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various scavengers were described in figures.
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Fig. 8 Temporal Changes in the Concentration of the mRNA for Two Species of SOD in Spleens of Mature rats af-
ter X-irradiation. mRNA from the spleens of mature rats were isolated after exposure to 0.25 Gy. Poly
(A)* RNA (5 ug) was electrophoresed in denaturing 1.2% agarose gels and bridized to Cu/Zn-SOD or
Mn-SOD ¢DNA probes. Total mRNA amounts were quantitated using a densitometer and normalized to
B-actin levels. mRNA expression levels for the two species of SOD were shown by autoradiography analy-
sis (A) and were quantitated via densitometry (B). The mRNA for Mn-SOD showed the 4.1 kb, 3.0 kb, 2.1
kb, 1.08 kb and 0.85 kb bands. The mRNA for Cu/Zn-SOD showed a 0.72 kb band.
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Expression. Wistar male rats were irradiated Fig. 10 Time Dependent Changes in mRNA Levels

for Mn-SOD, HSP70 and HOX in Adrenal
and Aorta of Rat after Paraquat Administra-
tion

by various dose of X-ray. Adrenal and sto-
mach were collected at indicated time and
eluted total RNA by AGPC method. The ex-
pression of mRNA for HSP70 and HOX was
determined by RT-PCR method.
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{2 HSP70 mRNA OFEHEAS, 50cGy B & UF100cGy THIGF L 72 L 212 HOX mRNA DFEHEN, #nEFh
WL/ (Fig. 9)99,

8T a— b EBEBENICES G0mg/kg RE) T4 &, 1EEHEED S EIB O HSP70 mRNA OFEIHLE 25
I A, SR LT, HOX B & O Mn SOD @ mRNA &, 4 BRI ICEBHE0MINS R 5>z (Fig.
10)'9, b5, /KR OkiE22C, 6MR) TTIX, 1EM#E2 S HSP70 mRNA, HOX mRNA D%
AL, 2~4BHTE—2712%0), ZORIEML., BTH, RHLZE{LPR oI (Photo 1),
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Photo 1

Jv M& 5,

50, 100cGy @ X #CHE L /-, KEWMHELZ L 7245

(hr)

Time Dependent Changes in HSP70mRNA in Stomach of Rat after Water Immersion and Restraint.

Tld, HSP70 mRNA,

& B

HOX mRNA DOFEWAITNHH30% A L7z, B TH, HSP70 mRNA OFIHEEFILHE0%IHAL L7275,

HOX mRNA 1. 3#1210%.
TOERIZBITAA ML ADERE
BV LA S EAURIEBTE 72,

4. TR YOREB L UFOEEKE
L SERBITEIGIC

RIBRE R VE VW ofE, 2) MEEZIT7:
MEOFAE, 3) BERSOEEL. 4) HAE
MR, 5) ERNEL EOREN LIS Lk
TWwW5b?,

5 PV RAEET AD 0, ALERYIC I EERD
HETH DA, KICHET, FBEICH LB X i
5, FIZH»LWA S, MEIZA->TEFIZ

EO N, PRIFOZ WP - AR 7 &Y
RENDL L ENT VD, PEERPREIIE3.82H
Th DD, EYFRFEIIL305 T, 3 ~ 4K

SEPHH ENS, TR, Rl X9 %%

106

FEHEPWER 72, L
S S| L’Ck%’ﬁ <Y FHETRFNIC X 2 BIEHOHEAIL

L. BEEZ

 KBIHEEZ S S 6 BEEFB T T R
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bOWHBEZEDVHL N IR o7z, £0—>, ZHRFEILBEIGE & U CHIESE - FERIT -
FTwb, 7o, TRETRA N I U ARR, ORBETH S Luckey . 7 FViml TOHIRIC

I, RBEKFOT FUVRESE W

Bz &% D
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Fig. 11 Experiment Schema of Radon Inhalation using

Rabbits.



V—2 HRBEeE

BEFEDIHIZLTELADTHS ) H?

bbbk, 7 N OERERFRZ AL 72012, EHZR. 7 ~10kBq/l B & UF14~18kBg/1 D7 F K
EATIAF—CTHEFELLZDDOF T FIZ05MRA SE, MEFHOIRERBIWE % & ORBEZELE T~
2o A, KIEAE36~37TCICHERF LERAE AL, XY PNV E Y — VREET TRE 2 IR L
TEEZHAL, ZAB LU P 2EEMICBAS S (Fig 11)%,

(1) IREEBE DZAL

MEPLIRVEA 2 7R 3 histamine « @ ANP (LS b U7 AFRATF N) OMApREIE, 7 F2BA
12X o THEIZLEA LA, prostagrangin E; (313 & A EEAL L o Tz, . EBMIME - MIEhIR % I
M S IME EHVER % 7R $ vasopressin DI EE A EIZHA L, ANP L H5PLT A angiotensin 1T D
B L o> 72 (Table 1)®, TN LD, I FYRAILL Y MERTIHEZ VIG5 Z & HEE SR,

Table 1 Dynamic Changes in Vasoactive Substances of Rabbit Blood by Radon Inhalation

radon [kBq/l] » control 7—10 14—18
histamine [pg/dl] 67+ 12 146+ 3177 152+ 62**
« atrial natriuretic polypeptide [pg/ml] 1660+ 240 2170+170" 33304520"*
vasopression [pg/ml] 13.2+3.6 3.2+0.6™" 5.440.8*"
angiotensin II [pg/ml] 26t 1 33+ 1 32+ 1
prostaglandin E; [pg/ml] 26t 4 33x 10 18+ 5

Each value represents mean =S.E.M.. The number of rabbits per experiment was ten at control, eight
at 7-10 kBq/1 and nine at 14-18 kBq/1. Significance: *; P<<0.05, **; P<<0.01 vs. control.

(2 ) BEFR IR BE Y B D 2AL

TNV a— AR DOEEE T H A glucose-6-phosphate dehydrogenase DILFFEEIX, 7 FUVIRAILL -
THEICLEA L7, EEO Bl SRS, MHEE 2 A S5 insulin bHRED T Fr 2R A S
Hrol BIWCE LR L, L L, insulin OFWICE S %o T afifdhoni s, MAEELEMSES
glucagon 7 FVR AL L o CHBEIZHEM L 2720, MEEIZZL2RE4d 572 (Table 2)%,

Table 2 Dynamic Changes in Diabets-associted Substances of Rabbit Blood by Radon Inhalation

radon [kBq/l1] control 7—10 14—18
insulin [U/ml] 4.3£0.4 4.3£0.6 8.5+1.8%"
glucose-6-phosphate dehydrogenase [IU/37°C] 1.940.2 2.8+0.2%" 2.6%£0.3%"
pancreatic glucagon [10* X pg/ml] 1.6+0.1 1.0+0.17 2.4+0.3%
blood glucose [mg/dl] 218+ 21 195+ 22 191+ 19

Each value represents mean =+ S.E.M.. The number of rabbits per experiment was ten at control, eight
at 7-10 kBq/] and nine at 14-18 kBq/I. Significance: *; P<0.05, **; P<0.01 vs. control.
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(3)EmEAEME O

B endorphin * M-enkephalin 1&, EV b A ZHEEELHFRIIHES L, TV e AHIEH 2 2B 5 WREME
RTFFRTHY), WFEEHE, LM SN, BEOTEICEET 5, WINLEHREDT FUr 2R ASE
EEDHR, MARED LF L7z (Table 3)”, BHAROSRE. MERICERIEIUAS S THImEI#HT,
FogEasn s L, FAORERWEDTH - BREIED, €T, RREICAD Z LI L - TRBOIMEIE
BRI AL, BAOEBMRIRILEEZONTVA, T FVRETIE, THICTF FYRAILL Y DS
NBHENE RFERTTF FOEBHIRELMb o THEDOTERVWRALEEZ BNLY,

Table 3 Dynamic Changes in Pain-associated Substances of Rabbit Blood by Radon Inhalation

radon [kBq/1] control 7—10 14—18
B endorphin [ng/wet-g] 16.2+£2.5 19.9£1.9 22.4+£3.5"
M-enkephalin [ng/wetg] 6.1£1.0 6.5+1.1 11.8%£1.9%"

Each value represents mean+S.E.M.. The number of rabbits per experiment was ten at control, eight
at 7-10 kBq/1 and nine at 14-18 kBq/l. Significance: *; P<<0.05, **; P<0.01 vs. control.

B endorphin 7 EDWRMERTF Fid, ACTH 2 & LBOREYE» SESNLEEZ LN TV D
T K OERERIEIAHTH LA, MASNZZT Py TEELZRBIL CACTH 20 &€ T0aH
BEMED S B, ACTH I21E, BIBREARNVE Y O—D2 T, PAEMER - BEEER 2 E 2 RyEEaIVF o
1 FOEAE FIFAEREH D, THOMHBE - T, Luckey DR L7 L) 2ERPEL LD EED
na,

5. RME 7 I X B 7 0 X U AERFER O

Ty AT XYy EREET AL, KE BMIESEIRMICHEIEINTA ¥ 22 ) ¥ DG S
Avva) VOSUETAHEHRETAM VY2 ) VIRFEBRFIREIFR S NL, T, S B M
B 7 a4 0§ B RS ELSSFRIIE R AR MER IS HARTEH W2 S A b 53, SOD, 7 Vg FF > /38—
FXVF—E, W5 T—EREOREMELT, TOXRY U PLEESNLEUREORELZITCT
W EEZBNTWD, Thid, SOD RHB LA A FMIkSG oL, TUXFF VIZLoTHFREEN
BHERFREI RIS NS Z L h b bR SN B,

(1) MEfE 2 & oAt

b bIUIEMEZEIIC & - T - W% & 0%a & ARk BEROMAL o SOD E 2Tt T UL,
7O EF SIS L ) FE SN DERFEROIF S NATEEEESH 50N veEL, TaxH v
5.0 2 ~ 3 BEFICT v F 225~200cGy D Co r MTHE L7z, RHERICT O XY 2S5 L, 20
%Il SOD Tk, MAEME 2 & D2 b llE L7z,

7Tuaxg RG-S v b OO SOD FHMEIE, 100cGy F T, BEIC X BT AEmMAERLZ, L
L, 7TudxHrEaHEET L L, TRTOFET SOD {HHHGl s iz, —F, BEbo#aRILIEEE
TOXUIERGOT v FTIE, BEICE o THETAEMEZR LA, MEOBTHEEEZIRDOLNE
Brodry TUERYYEHETHE, 0. 25, B L0200y BRETIX, 7054 501~
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V—2 HERpESE

THBERLREENS N L 72, 2 LT, 50, B
L UN100cGy BgtHE T, 7u XY L IERSOBA

A.alloxan (i.v., 40mg/kg)

EFBETH -7, ”
TadgyEERSOT v b OMBEER, £TOR = 600'*1 T
(2 5\ T 100ml & 7 ) 150mg T ). 0 ~ [ ¥ of [
200cGy D EHHE T y MEFOREL 1T 4 % o —
Botre TR LTT O Y HEETE, g / xx
50cGy FRETEED MAEMEATHI300mg 12 & &% 5720 % § 20 / /
Bx | #500mg 12 B5 L7z (Fig 12)7, © 10 / /
’ 0 0.25 0.5 1 2
(2) BEli > B 2 Jrradiation dose (Gy)
Ay a) MARFREMERB T, BEOKEE -
Bowd, pHIL O WFER OW%E 2 ESEL A, B. control
R TTuXH VIRGEDT v FOBERIZIE, T 700
VT 77 v TR S A U R Tl 7z S sool.
7z BRI SRD SN D (Photo 2.A), 7 HFH V% T sl
P53 5L, %<0 pMBAIRIEL, Ml 2l
ML 7zo BT D BHIIAT S, SR AR L S|
72 (Photo 2.B) o ZAUZK LT, 50cGy BREHIETI, 8 0l _
BAMADMEIEI & b 72 ) M OWEMHII R &5 N 7zhs, é N T
fodg - R oA, hREEOIFlIcE EF o7
(Photo 2.C)", ’ 0 025 05 1 2
VI EDEEETI, 50eGy OFRIHGHZL D, 7 Irradiation dose (Gy)

0% ORFELET HIEERFASS /26§ BMIED  Fig. 12 Effects of y-ray on Blood Glucose of Allox-

ot ot : .
B3 d B RREEA SN2 L 2 BT B b DOTH an Treated Rats. "*p<0.01 vsﬂs{ham irradi
ated no-alloxan control group. **p<<0.01 vs
b sham irradiated alloxan group.

B, EEE X BB LY REERE AN E AL
THEOHMRIEZ CHESNTRBY, EE L IIBVTHFEOMIERBELET VWA, AR CIEEE L
72 F 72, HEAREBSEICOWTIE, BIPRREYLAEEL LTI EDOLNTVAEDTERREEN WV,

e & SHRORE

DiEOmR EERE O DPBIIHO 2L Tnd EREUAOHREY Y2 L) —EL&UTICBwTAE
YRR & 0 LM RS LT A 2 &, SIS X D R ENBRILGEISBNT 2 TREED S
BHIENTRECTE T, LALAEDS, KM L THBATNEREIEIZ RSN TB Y. 4ROME» R
72TV B Bl 23, B EHR AR R ORE B X OB IC RIS ERICE L Tk, o007 7u—
FOFERHBLEZbND, ZO—RELTEZRLIE, 7 r - ¥ IV RBRYST 75 FUBA
RV EDEIZER LT b,
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Photo 2 Cell Injury by Alloxan and Effects of Low Dose y-irradiation evaluated by Staining of Pancreas

At &

AIFFE D% { 1E. University of California, Berkeeley D #%  WBELE%. Sk it o~ ¥ —ERFHITE
FroNRHET R, ERABBSFFSHBHEO S ICEIBRE, I O KB TT  KRFEEFE O H EIERE
BERAZIILD, BRECOTHICLY, 2 LE-ERETHL, CTIEELRLIHBFZRLET,
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Synthetic Antioxidants

Nobuo Ikota, Jun-ichi Ueda, Yoshie Shimazu, Hiroko Hama-Inaba,
Mitsuko Takusagawa, Ranjith Gamage, and Toshihiko Ozawa
First Research Group (Bioregulation Research Group), National Institute of Radiological Sciences,

4-.9.1, Anagawa, Inage-ku, Chiba 263, Japan

Abstract

Oligopeptides containing histidine (HG(1), HGG(2), HGGG(3), GHG(4), GGHG(5), AcD-Pen-
GHG(6), PHCKRM(7), MQFHT(8), selene-containing compounds(9, 10), and hydroquinone deriva-
tive (11, 12) were synthesized and their scavenging abilities toward active oxygens(superoxide:
0O.", hydroxyl radical: ‘OH) were investigated. Reaction of Cu(en), and Cu(Il) complexes wifh pep-
tides such as 1, 2, and 3 with hydrogen peroxide generates -OH, which causes DNA strand break-
age. On the other hand, Cu(ll) complexes with 4 and 5 did not cause DNA breakage. The
scavenging abilities of the synthetic compounds were estimated by the reduction of ESR signal in-
tensity of DMPO-0;" adduct and DMPO-OH adduct, respectively. As for the scavenging abilities
of the synthetic peptides, Cu(Il) complexes with peptide 1-5 had the SOD activity, and peptide 6
and 7 greatly suppressed the generation of hydroxyl radical although these peptides did not

scavenge superoxide.

I. #&
EHRER LA ORBLEOMDL Y PEFEH SN L L0 o TEL, HMUIRT L) ICBET—ETF
BILESZUTTA=S=FF T F (0,7) 124D, 0,7 FA=N—=FF L FY ALY —+H (Cu, Zn-SOD) 12 & -
T & AR EkE H0) &b, BEILKZEEI N Y T—ER NI FA oV FF 5V —FiZdo
THESNSE, L LABLKREHRRH 2 EOSEHFA T, Fenton K, & 5\ i3 Haber-Weiss UG

Hll]l

AR S TIET - e v —7
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Lo T, LW EEOHEVE FEXF LI IH 0 ((OH) 2ERT S, T FOF 0T I 0 I3k~
DOFHEOBBE . BELKEDO UV I Lo THHEET L, ZLTCIOL FEF T I IINELUL
FNDHERTAH T =T PHNDPERIIEEL G2 5 ZEFHO PR o TE, HHEEEEIC X 5 EE
M COEEIL, DNAWCKWH L TIEY A=A VEBEAOMHE EEEOBRILBEHTH O,
BEMEERE I L CIEBRILIC L AANEMALTH D . MR IC B W IR BRARE 0@ L EoEcH
o INHLOBEENLAEEEFET AI121E1) SODRH I I—ED L)l Fux v I IVEER
HETH, 2) BRHLEr0E&EE Iy LT FEXF Y LI VA IVOREZHIEST A, 3) FAEL
e FOXR LT IANE PT T LU THEBERRS~NOEELZHC, JeFHIToND, RFFETIES
DL BBEPLH L EBITHERESHYEORE, EL L TAF IV EEXRTF FOGHREZNS
DA—=IS—FFH A PR FOFINLITHINORELEEICET LRI LTI LDOTH 5,

0, _¥'> 0y ——— H,0, ﬁ 2 H,0

SOD catalase
GSH Pox

SOD:superoxide dismutase
GSH Pox:glutathione peroxidase

Haber-Weiss UvEst
Ri& Fenton[Z [t
Fe**, Cu*
y-irradiation
H,0 —® °"OH =

RS [l
«DNA —> 2D EJHf L FoF Y5 VHN ( OH)DEE

(}ﬁEE'ﬂ’ﬁﬁ . B LEDEBBAA U EPTYTLT
JEE —> BRI EFeFR S ORNOREEZRLS

° 02.5H202®i§%

Fig. 1 Generation and Elimination of Active Oxygen Species (-OH, O,™ and H,0,)

0. EEERRGHNEDERK

1. CAF IV VEFRTF FOERK

L AFY UERNRTF FE LT His-Gly(l), His-Gly-Gly(2). His-Gly-Gly-Gly(3). Gly-His-Gly(4), Gly-
Gly-His-Gly(5). Ac-D-Pen-Gly-His-Gly(6). Pro-His-Cys-Lys-Arg-Met(7, PHCKRM), Met-Gln-Phe-His-Thr(8,
MQFHT) % &2 AW L7z XTFF1 -6k a7 I/ EOREIZIHT FF I AR (Boe) %,
F72A4 37— VEDOREEIZ 4-methoxybenzenesulfonyl (MBS) k% FH >, Boc ZEETHTIC b 1) 7V o T EEER
B BT HCI/ACOEL Z AT 2B TIT o720 7V Y YRV INVIATNIRT PIVI Y Aok v Bk
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V-3 &Rty

His-Gly (1) His-Gly-Gly (2) His-Gly-Gly-Gly (3)

Gly-His-Gly @)  Gly-Gly-His-Gly (5) 07NN

Ac-D-Pen-Gly-His-Gly (6, Ac-D-Pen-GHG) HO 11

Pro-His-Cys-Lys-Arg-Met (7, PHCKRM)

Met-GIn-Phe-His-Thr (8, MEFHT) 0 N N(j*‘““’“
" "OH

PhSe PhSe HO Q OH

HOOC:}/\OH Ozgyoﬂ 12

9 10

Fig. 2 Synthetic Compounds

1525 step wise elongation HEIC T, WERKRE L7207 3/ BEEEREL LTV F AV FAFT YT =
7= (DEPCO)" % HWTHia LIRES NIRRT T V2B D, SEECORERTF FORHIZI ) 1y
NWEMWABNT AU NI T4 —IZTTo 720 RIRIZT =V = VIFIET, AR 7 v AUKERE 2 5 O
WA F A IR AL (Dowex 1- X 4 (acetate form)) T 5 &L, RTF F1-62MRBLIEL, &
B 312 Ac-D-Pen-GHG DEHT ¥ — P &ZRT,

RTFRFT7THLPNC8 I, a7 I/ RESEICY D-Pen Gly IIH;:BS Gly
VF L= A M F A IVARZ )V (Fmoe) 28 % Fve, BOC—Z"N?BESI DEPCW.%:——OBn p-T5OH
Fmoc D BFEITIZ ERY ¥ v & [T 2 EME ol e e |
WCCAE L7, 7 DAL Fmoe- A F4 = 7 & 48 Boc— 0 ) ﬁ OBa
fRicH & S8 72% (Fmoc-Metp-7 b I F IR :‘i“‘"‘ﬁpcwlsw B — \’:):
YT VI =g (0.36mmol/g)) . Fmoc-4-A | weyse

OH
FEFT-2,3,6-PYRAFNUNRIEYANVEZNT

VF =V, Fmoctert-7 b F I AR T,

Fmoc- MY F IV A5 4 2, Fmoctert- 7 b F T HNVEKRZNV L AF I, 6N Fmoe-7HY V%, F1
FNs HBEH G, MEHICHOBT (1-v FaF Iy R_y MY 7V =), DIPCL (VA V7R ELHILED
A 3IF) BEHLCBERGES S, RERTTF FEIRIE MY 7v 4 oA L, B2 S oiEE: &
e RELRDOBEETo /o, MAERYZ 1Ry FA 727 5Cs100A 7 T L% FHWTHERT A2 LI
0, RTFFTHFELN (E24%), RTFFIFTITHELTAR LT,

Fig. 3 Synthesis of Ac-D-Pen-GHG

2. L ALEYDER

YL UEEAEWI B LUI0E, (XTI — ViK% —78C, THF % LDA (lithium
diisopropylamide) 12T L, PhSeBr % St &¥ Tt L /(b & 47\>, BRIKS % (9 1310% HCI/MeOH,
IR ; 101370°CRE) 12 TR L 72,
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3. N A Fak ) YFEEDOEHK

EEWILENA FOF ) v 1.AFH ) — L&) v B 7P VBHAE TR S TAR LY $7212
B ATFVTAFN L) NAFL 2,3, 5- ) AF VTR T LTORA, FE, RESN-E
FoFvny DU RE 7 b i K COx AR T RUC S8, BRALHC TR RE L TA L7,

M. EMEFHEEREICDONT

1. {&HEEEE (0.7, -OH) HEREOHEIEH &

(1) #&&E Wy Ftrr, eXFF 7y HPX), A=—FF L FIRALF—E (SOD), FH
FrAFTF—+E (XOD) & Sigma ft#EEZMFH L7z, A bTF v 7Hl & LT 5.5-dimethyl-1-pyrroline
N-oxide (DMPO) & H 272, MO EEE 1T 37 b iRk s % AV 72 Culen). | EAEEESE 12 K@ H o = 5
L>PY3v (en) ERILEETERKL,

(2) Hy0, O, . -OHOFE  H,0, DIEE L KMnO, # HWTEE L7z, 0 IF HPX(2mM)/ XOD
(0.4U/ml) R X D B SE 7z, -OH id Ho05(100mM)/Cu(en)(1mM) R7IZ & 0 384 8672, RIDER
HIZEALDYE pHT.4 O VEREEE A 7z, KIEHA 4 ke 3EEEE L7zd ox v,

(3) ESRRAEY I v ¥y ESRAE Y MNI v ¥V, BFGODA——FF L P60
e FOFIUTIA )% DMPO D L) BAY Y T v TS L L &4 T & ) &E % DMPO-0,~ K%
52 DMPO-OHfkE L, % ESRICTHET A D TH 5,
D 0, DHA ; HEEIZ 1nM O (0.1ml), 2mM HPX (0.1ml), 0.5M DMPO (0.1ml)., (2
0.4unit/m! XOD (0.1ml) %Mz %, ZOREREED IR IEE, #EL ESRUEAAEHR T T » M &
WMiZE D FERTESR OlE (HAETFH JES-RE-1X ESR 476# (X-band)) %4772,
@ -OH o%4 ; HEEIC ImM OHEEE (0.1m) . VJ YEREEW (0.1mD). 100mM A ¥ > 7 v TH|
(0.1ml), Ff£I12100mMH,0, (0.1ml) ZMMZ 5, ESR OBIE L H,0, ZIMA TH S 1 512124772, |
412, HPX/XOD #2554 L7 0,7 2SDMPO 12+ T v 7SN TARK L 72 DMPO-0,~ /K@ ESR A X7 b
U (@¥(1)=1.43mT, a¥(1) =1.15mT, a¥(1) =0.13mT). % 5 IZ Culen)-H,0, 554 L7z -OH 8
DMPO 2 h v 7 ENTHER L7 DMPO-OHRIZ X 5 ¥ 7 )b [a¥(1) =a"(1) =1.49 mT] #/R7,
OH OAEMIZEEE LTxs /—)v (EtOH) %Mz 72K, -OH A EtOH 206 72 + ¥ 25| &RV TAE
B9 % - (CH)CH;OH 7 ¥ 4 )V & DMPO S IMAAS B T2 Z LIS X DHERR L 72 &) IRTF FHFET
T ® DMPO-0,” 6% & O°1Z DMPO-OH A ESR ¥ 7 F VIBEORPEIZL Y, £ TXRTF FO
0 7 5 UNC -OH 1234 215 FERE S & L TR L 72,

(4) HMEE=EX (CD) A7 b

CD A~ PIVIZHAS R J-20 HEChE G CElEESOmm AL V) 2 HWTERTHE L 72,

(5) DNA OUIHEEE:  0.5ug @ plasmid pBR322, i (1) &Mk, <7 F FH, H.0, (RACGRE, 25mM)
%10 D10mM VU YNy 77— (pH 7.4) FERICTIHBIEEE, 0.7% 7 - A5 VIZTESR
7kEh S (85V, 3h), BIOPROFIL VILBER LOURMAT |2 CTHEMT L 72,7

2. XTFF(1-5) 5D O, HEREY
NRTF P (1-5) -S5O 0,7 HERERX ESRAE Y T v EV FEIC K YN, RLIORT L9102,
YOS5 D Cu, Zn-SOD 12 RIZ R Wb DD 0, HEREH R L 720 %3 Cyhis ERIZRL LAY T
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ESR spectra observed from hypoxanthine(HPX)-xanthine
oxidase(XOD) system in the presence of DMPO

S

0,

Me
D ESR spectra observed from the reaction of Cu(en),
! and H,0; in the presence of DMPO

DMPO ‘OH ,/C,j\?ﬁ

(5,5-dimethyi-1-pyrroline
N-oxide)
Mnh an‘
Lo
Me OH
Me N H
o
Fig. 4 ESR-Spin Trapping Method
Table 1 Abilities of Cu(Il)-Peptide Complexes on Dismutation of Superoxide
copper complexes ICso
Cu, Zn-SOD 0.008uM
Cu(Cyhis), 1.1 . . Lo
Cu(ll)-HisGly 13 Cyhls:cyclo(hlstydylhlstldme)
Cu(ID)-HisGlyGly 0.8
Cu(II)-HlsGl'yGlyGly 1.1 N/N-—Cﬂz “JB—CHQ
Cu(Il)-GlyHisGly 7.5
Cu(Il)-GlyGlyHisGly 19.0

H Y T OMEER S B SOD FHHEE R T HS, S OEERCHISEERORERILABET L, H5ITRT L9 12,
Cu(Cyhis), DEE % HiN &2 % 125t > T DMPO-0,~ #RiZi%A 4 % A5, DMPO-OH R ¥z #ind %,
Zid, 077 A Cu(Cyhis), @ SOD {EMEIZ & ) Ho0, 127 0 AR L 72 HoO, & $AEHAD S -OH AR L
2bDEEZLND,

FZTRTF R (1-5) -8 7 5 U2 Culen), & HyQx L ORE% AV b T v TEHEICTHRE Lz, £
2127”7 & 912 Culen), & Hy0, 22 5T 5 DMPO-OH KD W E # 100 & L 72 A58 E T/R$ &, His
AN ICALE ST 5T F F—gEERo -OH AfaEiEm <. 2BIV3HFEHICH LTS F—HEKRD
-OH AR - 720 2D L1d pBR322 DNA # WA UM EER T L O bz, M6 I1RT L9
\Z H,0; & Cu(en); % Cu(ll)-HG, HGG, HGGG MR TIE -OH 12X - T SC AW £ 1T OC % LIN 127 5
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Table 2 Formation of DMPO-OH from the Reaction of
Cu(en); and Cu(Il)-Histidine Oligopeptide Com-

3 plexes with H,O,
§ -
@ copper(Il) Complexes DMPO-OH (relative intensity)
>
g 2 Cu(en)s 100
) Cu(Il)-HisGly 115
[= .
= DMPO-0; (O) and DMPO-OH (®) Cu(ll)-HisGlyGly 118
= Cu(1l)-HisGlyGlyGly 150
.(% ; Cu(I)-GlyHisGly 5
o Cu(I)-GlyGlyHisGly 27
(72}
w

0.001 0.01 0.1 1 10
Concentration of Cu(CyHH)o (mM)

Fig. 5 Effect of Concentration of Cu(Cyhis): on
Superaxide Dimutation

pBR322DNA
+H202

+Cu(en),
+Cu(en),+H,0,

+Cu(Il)-HG
+Cu(I)-HG+H,0,

+Cu(Il)-HGG
+Cu(I)-HGG+H,0,

+Cu(I)-HGGG
+Cu(ID)-HGGG+H,0,
+Cu(Il)-GHG
+Cu(II)'GHG+H202

+Cu(ID)-GGHG
+Cu(Il)-GGHG+H,0,

rnick

SC: supercoiled DNA OC : open circular DNA LIN : linear DNA
Fig. 6 Reaction of Supercoiled DNA by Cu(en); and Cu(II)-Oligopeptide Complexes in the Presenceof Hz0,
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DZaf L, H:0, & Cu(Il)-GHG, GGHG DR Tid pBR322 IFYJHT S 4L { vy,

3. FANVIRFFFE, 7, SICLBA— —FFH A4 FBLUTL FaxI Vs I HIVHEEREIZONWTY

Table 3 Scavenging  Abilities of  Oligopeptides Table 4 Scavenging Abilities of Oligopeptides
against Oz~ against -OH
Compounds % inhibition of O~ formation Compounds % inhibition of -OH formation
None 0 None 0
Cu, Zn-SOD 100 Glutathione 64
Glutathione 31 Ac-D-Pen-Gly-His-Gly 85
Ac-D-Pen-Gly-His-Gly 0 Pro-His-Cys-Lys-Arg-Met 96
Pro-His-Cys-Lys-Arg-Met 25 Met-Gln-Phe-His-Thr 0
Met-Gln-Phe-His-Thr 2
[Glutathione]=[Ac-D-Pen-Gly-His-Gly]=
[Cu, Zn-SO]=0.25mg/ml. [Pro-His-Cys-Lys-Arg-Met]=
[Glutathione] = [Ac-D-Pen-Gly-His-Gly] = [Pro-His-Cys- [Met-Gln-Phe-His-Thr]=0.25 X10™3M.

Lys-Arg-Met]=[Met-Gln-Phe-His-Thr]|=0.25 X 107*M.

RKIIRTIHIEIRTFF6, 7, 8&BIZA—S—FFH A FEERIZEDL -7, Culen)-H,0, %
LD AERS S -OH 1§ 5 HERER R 4 1Z/R T 25, Met-Gln-Phe-His-Thr(8) % & & Ac-D-Pen-Gly-
His-Gly(6) & Pro-His-Cys-Lys-Arg-Met(7) (& & $ 127V & F 4 > |2 H~T DMPO-OH k2 ¥ 2 5 &
LS P oT,

4. L ALEWD O, HERE

Table 5 Abilities of Selene-containing Compounds on Dismutation of Superoxide

ESR Signal Intensity

selene compound

concentration % inhibition of DMPO-0,~ formation
none 0
PhSe
12 M
HOOC}—_X/\OH 0 5m 3
NH 2.5 mM 25
PhSe

OZ:>A°“ 2.5 mM 13
H

RS ELMEEW I, L0OAY Y bTy THEICEL D O BEROEEZRTD., D) DERET
b 7D 0,7 HEREEIIKD - 72,
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5. N4 FuFx/ YRR (11, 12) Ok Fax i vs IV IViEEEE

NAFBEF ) VIUIKICRERDOT, AEY +F v FEHETIIS0% EOH B TIT o 72, o T, AY¥ Y
747 hid DMPO—CH(OH)CH; TH %, 11L12TIRL FOF Y05 V7 VITH§ 2 E A [Cs TH
5L 2EREL2ONE) PR, o7 (7).

oH
0NN 0NN, - HC
1
80 HO oH

100 in EtOH/0.1M phosphate buffer(1/1) 100 —
9 Q 9
z =
o2 g 75 4 © 754
°-Q £
Q =
& a
2 5
Ps 50 o 50
z K
3 8
= =
8 =
£ 2
P 25 4 g 25—
S &
&
0 T T T T 0 T ¥ T T
05 i 2 0.5 1
Concentration (mM) Concentration (mM)

Fig. 7 Scavenging Abilities of Hydroquinone Derivatives against -OH

N. XTF K6 LS5 7 D DMPO-OH FEREILE X HZXLIZDWT

OHDHEEL LTE 2 20HEITEZONTWS, 1D1F, ARLAZ -OHEZEENS v L TIh%
HETHHE, BE -OHDERREZHZB2HE6TH L, BETIE, MBRLAFSE/ 4 v EEALTE
B bR R 2 AR SR 52 T, @B A4 v & H0, DG ZEFHIE L T -OH DA # #ifl+ 5 b
DTHb, ZZTHOMBAAGNED S A 7 THLO0%Mb 72012, Culen), & 3 DDERA Y T
7F FORIMREEWOMRRE A (CD) A7 PuzllE Lz, MELZEBEARS M VIZEBOL
HEOMMREE S OWEEDEDOFKERE L CEIEI SN b DT, Ax7 PSS hE, ZORE»F
SNTHLIEZRT, TFLYIT73IV (en) WHFIMVGLFTIHE VDT Culen), D CD AT b
FEH S v, BFEEET I VBTV ERRTF Finwind 3 I 0 THY, CD AT MVDE
BE L, RTF D Culdl) KB LTWA I &2 b, Culen), EXTFF6, 7. 8 DEILEE
PE CD A7 PV ERL (Culen); EXTF RFTDCD ARY VS IZRT), ZORERIL, 2
LDOF Y IXRTFIEPIFL VT IV EREFIIRL, CudD) A4 VTR LAZZEEZRL TV,
Cu(en); & Pro-His-Cys-Lys-Arg-Met DI REWIE NK» S 2 FBBICL AF Y UERELETL LY IR
7F Fo Cu(ll) $EICHF#AY % CD AxZ b (590nm (ZIED CD /3> K, 484nm 2B D CD /N> K) %
RL72e TDCD ARY FIVOFERED S| Pro-His-Cys-Lys-ArgMet 2570 VD7 I JHD N, L AFY
y@%fﬂbVﬂLth%F%ﬁ@N\ﬁi@4sﬁf—w§@Nuib&mnfﬁyu%ﬁbfm
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BEERREE AR SN D, BEICII— 2. 128V T, (Pro-His-Cys-Lys-Arg-Met = 0.5 x 10-3 M, [Cu((en)a] = 0.5 x 10-3
NRIC His B2 HoO~TF FOMEEMRIE, 2, 3F - ' ' o
HIC His B#k % b >~ 7 F FO4EK L b b H0, Ae
Wxt L CEWRIBEE D O 2T 5 2
&L FroHisEET 2. SEFEHICHEORNTF P4

L L 0.1

$ER D H0; EMEALBEO KIMNE, THHRTF Fps @@ 500 50
Cull) 1 4 ¥ L8EZEHET 22 L2k ) Cudl) wavelength/nm

AF v OBLETEMEZELSE, ZOME H0,  Fig. 8 CD Spectra of Pro-His-Cys-Lys-Arg-Met in the
LS FOF UL s VA VEFERSERWE Presence of Cu(en),

LERR, Iz Ens, 2EFBICeAFY
~ %K $ 5 Pro-His-Cys-Lys-Arg-Met @ DMPO-OH &£ BHIEEA T EE -OH 2+ 5D Tid % <,
Cu(lD) A4 LE5EZTZ LT -OH DERZIMZ A0 L SN B,

V. & &

CAFYUERNRTF F(1-V) -4 SOD {2 F L. His 7° N RIZAET 5 X7 F FOHEHE
3 H,0, EDORUET -OH #5434, 2, 3FBICMET 2 ZhiE, -OHDHAELTHIET 2, 41 o
TF K6, 71 Culen)-H:0: B2 5D -OH AEKAIZ 525, THUERTF K25 Cudl) 1 4+ v B
AL HO0, EORIEZHET 2720 TH D, L VEFILEW I, 100 A —/5—F F ¥ FIREEILED -
oS, A Fua ¥k YA, 1213 -OH%x b T v 7 L7,

#HOE
NA R E ) Y FHEEOTIRILE T 58I E SRR PR FEA R R & DR TS
D, EHEEIZICERHB LTI,
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Antioxidants in foods

— Evaluation of active oxygen scavenging ability —

Tateaki Ogata
Department of Materials Science and Engineering, Yamagata University,

Johnan, Yonezawa 992, Japan.

Abstract

There are many investigations seeking for foods which can scavenge active oxygen species such
as superoxide, hydroxyl radical, organic peroxyl radicals, and so on. Spin-trapping electron spin
resonance (ESR) method using 5, 5-dimethyl-1-pyrroline-N-oxide (DMPO) as a spin trapper has
been widely used because the operation is very simple. However, this method has many problems;
pH of solutions, the effects of buffer and ligand, and so on. Furthermore, if some components in
foods inhibit the generation of active oxygen species in the standard generation system and/or re-
duce the DMPO spin adduct, the ESR signal intensity of the spin adduct will be decreased and in-
evitably the scavenging ability will be overestimated.

In this study we have investigated the following items in order to establish the evaluation
method of active oxygen scavenging ability of foods by using the spin-trapping ESR; analytical re-
producibility, pH of reaction mixture, the effects of buffer solutions and chelates, the inhibition of

active oxygen generation system, the reduction of DMPO adduct, and so on.

I # =S
BAnDRERERE, WEIFHREE IS K\ TR O & 2 38§ 2 £ BB RIEE S, 2oL HoRRD
WERDHED

LHNTV 5, EaDPIBRILATENEREHEELBERT 2461, 2——FF 2 F (0,) b
BV ((OH) % EOTEMBEZNFNII OV THEREE T2 LELSD 5, EUHmE

IR T E T #
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EEETHNECIE, A== FF TV FEHICHITHELE, = baTV—F TV 74 (NBT) #ERV
7 U= L ¢ BILER EOLFENHEDPHONTVED, BERLZED LI IILBLEORE 25T 57
D DOFE,DRHE R FHEE LCid 5, 5-dimethyl-1-pyrroline-N-oxide (DMPO) %2 E 52 HWA AV b5 v 7
BTAE VR (BSR) WHPEETHALLEEZOLND, L2 L, BERREERD - BERTHHD, A
Yy b7y 7ESRERZEHTLHE,. £ OMEPETLTRESH B, Bl2I1E. A M5 v T ESR
ECE, EEBREOBEREREA ., ZIh0RETIEEBEIILTAEY Iy THIEEB T
TEALH L OBF L EFA LT, AE Y7427 b O ESRETHED S HBILK 0GR E W ERE+ 5F
fliT5, LL, BmDd LEOBGINGHERZRERTHELZY, /2, AEYTH 7 F2BILTA
L) BBETIE, b EEBELFHEELL2OL ) 2B S TERTLE), 20k 2
72 B Cloo DR EEFEZ RS RIT IR B 2w,

REFFE T, AE Y bT v FESREF VL EOFEBERE, SWEERNE. BFHo&EE, WE
BEOKE, pH DFE., ¥ — MIOLEN, BEREE, A TH7 FOBLARSIIODNT, £
LTCA=8=FF ¥ FRFIlE o TEEN B 2TV, KEEZHWTELY OEROEEEREEEO
%47 - 72,

on = &
1. HEBLUREFE ,

HEE LT UToboeFEH LA, e RFH 2 F 2 (HPX. Siguma Chemical), ¥H v F o4 F 4 —
+ (XOD, from cow milk, Boeringer Mannheim GmbH Germany). diethylenetriamine-N, N, N’, N”, N"-pen-
taacetic acid (DTPA. FIJEHEEE), V) VEREEAIM K (PBS, FOUHZE, £ L3 H). 3-morphol inopro-
panesul fonic acid (MOPS, [Al1-1t%). N-2-hydroxyethylpiperazine-N’-2-ethansulfonic acld (HEPES, [
Eﬂ?%5ﬁdmmWﬁmmeWNMMe®M%\?f%v?&WOMMSHNﬂMPXMME\ZZ
6, 6-tetramethyl-4-piperidone monohydrate (TMPD. Aldorich Chemical)o 7 3. MO AIE LT EHZE SIS
HIERCTH 5,

ROBEAFTE L7z, (1)) CYEEREANK 1 E%667ml ORBRFKIEMREL, 0.1M VJ EHEREHER

(PBS, pH7.4) & L7z, MOPS & HEPES i&, 0.1M, pH7.4\ZF % L7z, (2)HPX13.6mg % 50ml ® PBS

WCHEBL, MBELZPSAY—F—2HWTHoIHEEL, 2nM & LHEKREL 2. (3)DTPA
21.6mg % 10ml @ PBS IZ{A% L5.5mM & LSRR L7z, (4)XOD i (20unit/ml, WELRM) 20ul %
EREATI2980u @ PBS 12 L, 0.4unit/ml &3 5, (5)FEEsk (1) LARMIPW27.8mg & DTPA39. 3mg
%0.01M FRER50ml |JE I S EWERGF 5, N2 MMHERNIC0.01M BtlRIC TLOfFICAM L C0.2mM &
WHedh, T, $(I) A4 ONKTHEXE 720 TH 5D, (6)DMPO FIE = HEHERIC PBS 12T
105D VIZHFRT %, (7) @ERALAKEAERE (9.79M) 1 ml 12 PBS 8.79ml ML T 1M B AET %,
Z L FEHERTIC PBS (2 T100M5 AR L T1omM ## & L7z, (8) TMPD 3.4652g % 100ml @ PBS |2
LT, 200mM B E L, BEEFET S, (9) K75 ¥ 37.6mg #100ml D PBS IZEDT, Z DIER
% PBS IZC20R5 AR L Co0uM Bz iR L, WA L 72, (10) BB D5 &3 PBS IZTEiR
THREVFARLTCLEBERAEEZRBERE Lz, T2, WEOBESEZOF EFHEH L2,
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V—4 fambOBBRLWE —IEEERRNE Rk 2 i LT—

2. WEEE

BARFZOWNEZEIE, £ I VBRI FHEFERZE A 77 7 8 Mz Hv/z, ESR
A7 MVORFEICIE, AAREFHJES-FR30 ESR A7 bO A =¥ —% iz, $72, AFOFEY S
4 R, ARV NS, 4+ I 39— (ABME) TIro/z,

3. Wik

(1) A—=7,8—4F 3 FATIE, HPX-XOD 2% 38ERITEA L, HPX (2mM) 50ul, DTPA (5.5mM) 35pl,

SUENATS0ul, DMPO B (9M) 15ul, XOD (0.4unit/ml) 50ul DIET~YA 707 A M F =712k D,

XOD % A5 L [FEEEIC, BHEEZBIB L L <HIIA L, AN b2 )y ME (FUEH, TLA Y FTR)

IR CELY 60F TR IS RESS R | % BA L 72,

(2)e FRF NI IHINRTIE, 7= b Y RIBEFEERICH V2, HiEkE () & DTPA IREHH

750l (WFIH0.2mM), BEHARS0ul. DMPO (1 /10%%%) 20pl, @ L/AKZEK (10mM) 754 DNET

A AT AMKEBRE I L GBRBLKEKRE AN L ZICEHREZHB L L CEIEA LB AT N v
NI I Y 605D 1R SRR T | & BAG L7z,

(3)—EHMER T, R R 7 25ERL Lz, TMPD &I (0.2M) 50ul, VK7€~

B (50uM) 50ul, PBS (0.1M, pH7.4) 250pl, SEHAWS0u DIEIZY A 70 F A b Fa—TI2& o7z,

FEAFBL. COBRBIIEY /) U5 SR E EBICISHER L, ROTIOBEBEE~AY M2 v b

B2, ESREEICE Y ML, 60WRICH RS | % FiE L 72,

(4) BB FZEONZETIE, HPX (2mM) 250pl, PBS (0.1M) 250pl, ECEHAE 721 PBS 250ul. XOD
(0.4unit/ml) 250pl *FeFE X — ¥ —BHHLIVIZE 272,

4. HEFEEEO KD F

TR ZIE R E R A I Fig 1IORT, HUBRLAEL 22 R THESE, AR
FHELBEWEE N7y THICL - Tﬁ?ﬁé nice (AY Y787 ve) 2EEEER, O OETRER L
Th, CORICEMZRMLUIBLFISELET S L, bTy TR EFESIOAHREZ ), BUEBLAI ORI 12
ICLTCAE YT balHAPTE, CNE ESRESRENLOCRKOBEERNEFMT LI LN TE 5,
BRAGIZ i, WETEREIEAO L) 12 L TRD bR AN F L N EL FOF LT U bid
DMPO 7 % 7 b O b &Y O ESRIEBHE %, F/2, —HEEEROWAE TMPD & OB TERT 5

Trapping agent: v‘ kr=18 M''s” (pH7.8)
DMPO | / DMPO-R |

Standard generation system R
of active oxygen
!‘- ?
Antioxidant ' -

Fig. 1 Schematic diagram of method estimating free radical scavenging

activity of antioxidants.
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2, 2, 6, 6-tetramethyl-4-piperidone-1-oxyl (TEMPONE) @ ESR EFME* FHHEE L L7z, Mm%
FInwRk (@rhu—nR) OEE L, AEEECHEE T LT, 100%xA—1/L) 2HEE (%)
& L7z, Tz, IEMEER ST APUEE{LA] & DMPO @ 2 REUCHEEZELR % . kx. kr. HUER{LAI & DMPO
OMEEE % [X], [T] &35 &, ROBBRIKIH Y LD, ¥

Io/I—1= (kx/kr) ([X1/IT]) (1)

PURILAI D E—EOSEE(1) X0 2 RUCEEZH kx 2 KO LN TE L, EIAHDPEMD X
A REERTIE, HIBLHIOBERRENFARATSH 5720, BEEHE2ROLIEDNTELY, £2T,
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Table. 1 Superoxide scavenging ability of various foods.

Fresh Microwave heating (2 min)
Scavenging rate IDso Scavenging rate IDso
% mg-ml™? % mg-ml™?
Sweet potato 69 5 54 12
Rice 51 18 0
Potato 38 6
Green pepper 100 2 67 7
Perilla 100 2
Ukogi 100 1 100 1
Leek 74 7 51 13
Radish leaf 69 6 65 9
Parseley 69 5 83 2
Spinach 45 15 10
Tomato 44 27 24
Carrot 44 9
Lemon 100 107 93 10*
Lettuce 85 2 62
Cabbage 82 6
Burdock root 80 3 76 3
Ginger 63 9 34
Garlic 47 14 68 6
Cucumber 33 '
Radish 32 35
Onion 25 29
Welsh onion 17 27
Soybean 90 1 23
Beer (heated) 100 447
Beer (draft) 100 65"
Whisky 100 52*
Black tea 100 9*
Green tea 100 2%
Oolong tea 100 3*
Soy sauce 90 5*
Coke 40
Sake
Sake (heat ed) 5
Fpl-ml™!

BFO—EHBEREEA— /34X FO IDy EOEMRER L7z, FFERHImg % 1 ml OV »ERIEREE
zimz ., HEEEO LEAREEZREEW E L7z, Tablel 1 OEEEMIE 2 g 240ml ) » ERIERREEGIC
MAAREYF AL, BOTHEGD LEAR T HWEERE Uiz, B2 SE20F SRR E Lz, H
ERIFBREDGEDAE YT F 7 FOEFHRENSBONITETHY), Do EITALY Y TS5 2 bD
BB OB RORE TS 5,

— I, BREAFRIOHFENEVIOPRB SN, BTL Yy VME (2498) oERELHbE TR
L7ze ZOBE, HHEETS RN TH 2205, FIIEEESENT 52003 R shi, FEROBAIL,
A—=N—F F T FE—BHEBEZOFEETIZIZHELCBY, Thid, MEL2HEETAIRGPR—TH5H S
EERL TV, F72, ERMAETHED LT 2FERIIEVHEFEES S o 72, HWIZBIT 5 Z 05
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Radiation-induced radical which causes Mutation

Masami Watanabe, Shinji Koyama, Keiji Suzuki, Seiji Kodama, and Tetsuo Miyazaki"”
Laboratory of Radiation and Life Science, School of Phamaceutical Sciences,

Nagasaki University, Nagasaki 852, Japan and "Nagoya University, Nagoya 500, Japan

Abstract

Many researcher studying in area of radiation biology have been believed that active short life-
time radicals such as OH and H radicals, play an important role to express biological effects of
radiations in cells, such as cell killing and mutation induction. However, we recently found a new
type of radicals with long life-time in cells (T1/2> 20 hr) using ESR method and it may be more
important in mutation induction than the active short-live radicals. When cells were treated with
radical scavengers such as DMSO and vitamin C just befor irradiation, short life-time radicals
were scavenged well. However, if cells were treated with scavengers after irradiation, vitamin C
scavenge the long life-time radicals, but DMSO did not. In addition, vitamin C treatment after irra-
diation drastically reduced mutation frequency at HPRT locus in human cells, but DMSO treatment
did not. These results suggested that mutation is probably caused by the presence of radicals with
a long life-time in the cells, rather than short life-time radicals. Vitamin C reacts with long life-

time radicals efficiently, resulting in the decrease of the mutation induction.
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Figure 1. ESR spectra after y-irradiation of SHE cells and albumin solution that were y-irradiated at 295K at 5
kGy and then measured at 77 K.; &Spectra of Mn?*; a, SHE cells (untreated); b,SHE cells (irradiated), c,
SHE cells pretreated with 8.5mM of AsA; d, SHE cells posttreated with 8.5mM of AsA; e, Swt% albu-
min solution (irradiated); f, 9wt% albumin solution pretreated with 280mM AsA; g, 9wt% albumin solu-
tion posttreament with 280mM AsA; h, 9wit% albumin solution pretreatment with IM DMSO: i, Swt%
albumin solution posttretament with IM DMSO.
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Figure 2. Decay of radicals produced at 295 K by
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Figure 3. Effect of ascorbic acid (vitamin C) to mutation freduency of human cell irradiated with X-rays.
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Figure 4. Effect of DMSO to mutation frequency of human cell irradiated with X-rays.
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Roles of Metallothionein in Disordered Metabolism

and Toxicity of Copper in LEC Rats
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Abstract

The disordered metabolism of copper (Cu) in LEC rats was characterized by referring to those
in Wilson Disease and Menkes Disease. The expression of Cu-binding ATPase for efflux of Cu that
is encoded on autosome 16 in rat and 13 in human, and is expressed organ-specifically in the liv-
er, is assumed to be defective in LEC rats, and to cause the accumulation of Cu in the liver. This
induces the biosynthesis of metallothibnein (MT), resulting in the accumulation of Cu in a form of
MT. Cu accumulated beyond the capacity of biosynthesis of MT was shown to appear in a form
not bound to MT, and causes hepatitis and hepatoma. MT was proposed to work as an anti-oxidant
as long as zinc (Zn) is present in a form bound to MT (Cu,Zn-MT), while it works as a pro-oxidant
when Zn is not present (Cu-MT). Selective supply of Cu to the two Cu enzymes, ceruloplasmin (Cp)
and Cu,Zn-superoxide dismutase (SOD), was observed in LEC rats; Cu was not supplied to Cp be-
fore the onset of jaundice, but it began to be supplied toward the onset. On the other hand, Cu was
always supplied to Cu,Zn-SOD despite the fact that both enzymes are biosynthesized in the liver.
Different processing for maturation of the two enzymes and participation of MT for transfer of Cu
were proposed for this mechanism. MT is expressed and functions normally in LEC rats, and MT
works as a protective protein. However, MT was demonstrated to cause toxicities by its normal
function in the selective supply of Cu to Cu-enzymes, and when Cu is accumulated beyond the

biosynthetic capacity of MT, in the production of hydroxyl radicals.
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X AHORIERBEICOWTIEE DML ENTELIZL 22D E T, LT LIHALIICL > Tk
Moz, T ANV YIRE A ATRE V) BRI EERE YOI L > THELVERSALND
ko,

AN VIRISSHOBREERICLZHRBEELRT O LT, A 7 ARITMOPINA I L 25
DRZIEE V) &L BT OIERERT E SN TWE, INODERWEBROKRIZOVTIE, Zhoo
BERED BOTE O ENTE 725 1993FICINS 2 DOEROIFEH & 72 % B\I5F DX
HOTHLPZENZZLIZE > T, SHORHBEORBICETAMELRERLEILD L, wWTho
D IR D % MBS HE B RS 2 M5 S TV B S A ATPase MET A ERICHE LTV
VT LT X AT EMRRHES Y,

HEIC L DHEEELZ MY 59 AT, REEBOEFVEWIIESRHYWE L CHEFICERATH S, %
fo. FDED HEFTVEMIZIGEELBET A0V BOCHEREREME b, ARATRR SN
LEC 7 v MIBMITE, BEMEZ L TR AT BRABIET 2ERBWTH ) Y, 2R EHFFE~D
AOBREERICL DI E? ) SHIT1994%E 22D, T4y YRER L CEREBER LICHEET 2MEE
TE ATPase EHDIEF ICHHL T W I ESZDRERA L 7o T A Z LWL 2T S N7z RS H
BEITY NTHAE®Y, TNETDH, LECT v FOFE~NOHOEFEL ., EELHWIC L 25EE L DBR
BT AR L FE P ORI ENTE A, EETF LNV TLEC 7 v M5 4 VY YIFDE T IVENY
THAHIEPHEREIN/ZZLICED, ZOEBECELET, IVERHEICFHSNA LI TR o727,

AR X BEOHEEE, 2 ES0FEMERBEEIC A 0T+ A 2 MT) BED LD b
D% Do TVADPERNICHL,ICL L) ETHRHACDOVTE, 74 VY VIFORERED SIGRE L
DHEEZED T, L OWREBEIMYMATE /2, KW LITEBOHERECTLEC 7y b2HWTIT- T
WV RADOAHREICET AN b, AFuFt A Y OREFITEH L CEBLAEZ L LD 0
THDHY, FAORY AA, WL, TR, FUHRHALE, LOBERICO A7 07434 YHBHEGLTWAE I L,
512 CuMT ?f pro-oxiant & LT FOF I VT VIV EFELEDL I EPFBURROERORR & &
B, AyaFtiA rOTFHEBEE I LTwEZ Edbh oz,

2. AUTRAR/ET 1INV IR

MR (nflux) L728@% fBAMCHH (efflux) 3 2 8EFEAME ATPase (2K 1 12/RT X 9 efEE
FLTCBY, BeEBL CHFETAILICLVELZBLAHOBE 21ToTWnELEINTWE, AV T A
FWET AN VIRTIRZDBEETORBICKREDND 52 LRI N TW A, MELEWICB W dER
FLAWTEOFAEIHESNDICE ST T, FREHEL LTD ATPase IZRIE STV ARV, X
YHRAFFE T A VY VIRED ATPase MIEFIEFNENA V7 ZEBIET. 74V YEEFEFER, B
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Figure 1. Schematic Structure of Copper-binding ATPase for Efflux of Copper
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and Its Defective Expression in Wilson and Menkes Diseases”
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NHREDELHZTOREHL TV HELITTELR L, BEFRIIEHAL WA ZENINT TOLHED HHEE
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(superoxide dismutase, SOD) (Cu,Zn-SOD) 7 ' OBER ICHEA LFIHE &%, BE O RT 328
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144



V—2 LECSv MIBUAHNHEES LUSERB~OA Y OFF+ 34 > OEE

i
e,
_{
W
=]

T (a) Liver i (b) Serum

»
B

Cu content
(mg/whole liver)
=

L

(rg/ml serum)
[l

Cu concentration

@
=]
T
=
[~}
T

] 1 I 1 i 1 I ! i i 1

I 1 | IO B { i 1
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

o
=]
=

_- (¢) Kidneys 1
1

o

0

=]
1

100

Cu content
(pg/whole kidneys)

U
(=)
T

=

i 1 I 1 i L

1 L i
2 4 6 8 10 12 14 16 18
Age (weeks)
3. LEC 7 v MIBIF 2 (2), MiF (b) B X OB (c) ~DDHERH
Figure 3. Changes in Concentrations of Copper in the Liver (a), Blood Serum (b) and Kidneys (c) of LEC Rats with

22)

Age

F I A JIFEE L TR WIS RV Z SN D L)1k b, T OO TETEE AR Ik
BICEEG LT B,

B 312, HEIHE->TLEC I MIEHRED L) ICERET 5 0B L 2R 2 FE. WHs & 0K
HFORENELE LTORLEY, F/2, K4 IE SN SIS0 EER G M h T4 L0 X ) 72ikEE
CHETBIRLEY, M3atbbds L)1, MOLHE T TR . 168 TEHIA
EFCELLRIERIET A2, ZOREOZLIHOBMBN LAFAAREOZILL LTOBZEENS (M 4a),
EF 7% e bR o ME R OFREIIR lug/ml TEDB %LU LV 7T A3 VIEEL TWAD,
TANY VREZERLEC Ty POMEFDOL VT 7T A I VIIZHAIEE L TWirnizo, SiEEIZIE
FRREDL/10F 3 EFNLUTIZA>Twa, LaL, WEF~OHEOERIRFIED L &, Mikfo
SRBED M LD A (M3b), F/z, MBEBFTRIFTELLET TS A I VIHEE L TWAHEIEEINT 5
ZE, RATENT T TAI YUHNOEREIHEEL T AMPENT L2 EDH4b DAL BAD
BALTH D5, S6I2, MRHOMOREDOHEINZH T, BT OFOBREIEMALIZLDE (M3
o BIEAICEET A2MIFBIEIA T TFF 2 VIHESG L TR BIEIF VN, EREEIE DL
AZOFF I EEL TR WIORENIE > T b (M), FEOBE L > THFE» S %
Bl C &7z CuMT (3R 2B R ERA TR S, JRE CHRN SN 2RI N5, Fligs
LA T 5 CuMT DEDPEST X5 L, B THHS NI CuMT 25l L T A8z T 5700
DAZTFFIA Y OEGEPEEDLRLBY, A TF AL VITHR SN TICERT 28088005
BIzDTH5B,

ZIERFICB I B AT OFF 24 OESRBEVSHOERNNC B AFAERELZ R L TW5H I L%

145



MT 2
(a) Liver

MT 1

(b) Serum

void volume

C SOD

P

ARG AeS e

MT dimcr«
659

MT  0.01pg/ml

0.02pg/ml

I

C
T » Alb
C
“ MT -
L { ! I | 1 1 1 S L ! L ot 1
10 15 20 25 30 10 15 20 25 10 15 20 25 30
Retention time (min) ’ Retention time (min) Retention time (min)

B0 4. HPLC/ICP-AES {kIZ & % LEC 7 v MZBIT 2 BHE (a) . M (b) 3 £ OB (c) F OMOFIERIED A=
Figure 4. Changes in Chemicall Forms of Copper in the Liver (a), Blood Plasma (b) and Kidneys (¢) of LEC Rats
with Age as Determined by HPLC/ICP-AES™*

5

4. HOSHRIREE CEEREORS

WOEBEBRABA Y OFH A4 VOEGHRBEELERLTBY, 2705434 VIEE L TVl
FEMEROAMETH S LEZSNTVDR, 0L BRI L > TERARET A0 THS ) By A
FOFF A IZEEAL TR Wil [#EHESH (free copper) (ionic copper) ] & 5\ i [F 48 (toxic
form) ] X [1&EMSH (active form) | EFHEN TV A%, toxic form DA EZEFZIELHEHETLEE L. W
BEWICETRZLZ N L CERLRBT 20 2 o Z Ao Twn b,

EMBRZEEZNTHRBE T TH7 -5 L LTId, BRIUKEDOHFATTLEC 7 v ML Fa ¥
SNT IV HNEFEESELDT, FUBEBIOKEOFET CHEEA YU F - A4 P FaF LT
VHNEFESELIEPRESNTVREY, Fid in vitro DEEET, S EFA YO FF 24 U HRED
FOCe Faxv IV ANERESELMPRE L, HEFAI T T T AL VICHESHAEL Tnh L&
. EEEOFEWRT L7 v F AR Y Y2 b (antioxidant) & LTHEIC A5, TERAEA L TViw & &
F 1 EOMFERHT S 704 F2 5 b (pro-oxidant) & LTEIC 2 & %2R, HUEMEZNTLM0E
AT 2 S L 72,

HEFEAYUFT I 2 A vH prooxidant & L TEIC Z &0 ENEBERECHALI LR, AF T
FF A UHEERBICLFELRBE 2 L TWE L) FHeaZE 2HS 2L,

146



V—2 LECT v MBUAHRBEFEBLIUEUEE~OA Y OFF 24 v OHE

5. T4V RBLULEC 7y MIB T BRBEANOHOBRNHEEEBE X 2O0F 421 >

DS

AU ZABADORZIETH ), EFMOMRZD7z0, EOMEIFIZBI LMBERLMEEATBEL T,
BRSO RS RV, —FH, DAV VRITIBRETH ), COMBERICOMSMEINTVWEEZS
NBED, T4V YIHEZTH LEC 7 v P THIIEFOMREZEF 2 FREPWOL/I0LLTTH Y,
ZOERKE LTHEFR DD %LU EEEDTWEELT T I A I VIZHIFEE L TWARWT EHH S
IZENTWEY, ZOZERPSLITNBELICT ANV YREERLEC 7y M TOUHPHHR I T
WHEENTFLET L, JOWELHCEE LTLEC 7 v M CHEKREVHEIHE SN T,

LEC 7 v POIMEF DLV T TITAI VIHAPKEEL TV EWOIL, tva 7T A VEAESIER
WEAREN TV RWZO TR, EFICERGREIN TV L TRERBICHEIFEE SN TR w0 T
Hb, EZAHD, FEFICHIERE L C toxic form OFPEEINL LI L E, MiciZRohb X
LNV TTAIVICHIPHEE L TR IS SN T WD T EDG577, 612, M4a x5
McEd &, a7 23 v ERU I TESR SN A Cu,Zn-SOD 1213 & DI b A
ENTVBIEDPDDDE, ZOLHIT, BHBIZELO S92 3 VIS EnTwar L L EhTwn
BTWEEDPHL—FT, ALELEIFICRAUHFBTESRINTVLHFBERECTH> THHIMHB SN T L EE
FRLENTWLBEVERELIS L, 20O L) BRI RBEE~OHFOMRIE DL ) 2B L 20THA
RN

M 513 2 OFEIRAY 2B~ OO EBIEE IOV THRE LR P O ES P LG TH 552, i
Wiz o 75 232 (Cp) ICHPMEREN TS L & (holo-Cp 24N &, ENTWivE E (apo-
Cp 20 DdbHH, BEHEELELTOELVOT I AI Y OEARIZEICIEH THY . holo-Cp MWL T
WhEEE apo-Cp &MWL TWABEZLDE N, T7b% free copper VFFET A0 &9 2iFEH L7z,
—7J5. [E—EHIIZ apo-Cp & holo-SOD (Cu,Zn-SOD) AR ENTE Y, FHB I IBEL Shiwn
BRIPEGTLHHICIOWTE, 2200BROEAGBERICET 2T 0EWIZER L7z, SOD i prim-
ary translation product % apo-SOD T& 0, I E Hh C4 & T O MR % 517 T holo-SOD & 2 % %%, Cp
i primary translation product T& 4 Cpl1059 % 5/NEfE (ER) TXTF FEKRE Cplo40 & L, &51C
T DR TSI E T apo-Cp & o 72fk, MHICHWESNE, CpDT LY Y 7D EDBIET
A SN2 E V) FICH LTIV OPDEHEEH ) . 2HEEL TRV, AT ER 226 )L
PENOBE OB T, MBET T Cplo40 ICRITIES NS L#E L, LROEHE LT F—5
LT, apo-SOD IZIE A O F 24 v O EBERAMHB SN L Z L 2R L5

TR~ OMOBIRMEIE D, EEHOERTA S OFF 2 A VO EEMEZTINL 2 E ) PIZL D
CEMNRBEN/Z LR I THAI T I A YHFEELRREEZ L TWL I LSO N E R T,

6. HBbHIZ

DAY SIROREEL, SOBNEE TIFAD, A ¥ 0F 4 AL VIEALTERL AT KRE
TH0, WITNPOHEICL D, ATHEEZRLTWALEC Ty MNFEFTA S OFF 414 VIS
LT 54l % tetrathiomolybdate (TTM) & H W TERAYICBRET 5 Z LTI L7229, b, 52
yOFFAA VIREELTWE E VI R EFLFIH L 2FETH 5,

DXz, w4 vy VIFEEE LEC T v MBI AMoRHB L UOHERRIICE Ay aF 4 % 4

147



Liver —— s cu bile

r , )
‘ GSH GSsG |V apo-MT )
Cu2+ 3> C}12+ ﬁlu“' L Cu-MT
w | { A
Cp1059 : apo-SOD
ER —
| holo-SOD )
Cu-‘g o100 cytosol
B s
apo--p olo- olgi bo
000 81 Docy
Y S
apo-Cp holo-cp  Bloodstream

5. FFEFIcB A8EEE (BVvE 75 A3 2 & CuZn-SOD) ~OHOEIRAGUA M 120§ B g0 =
Figure 5. Proposed Mechanisms for the Selectve Supply of Copper to Copper-enzymes (Ceruloplasmin and Cu,Zn-
SOD) in the Liver of LEC Rats®**

VISELCEG LT A Z b ol, EERHEOMRBHICOE UL AT OFF 24 U EEREEE2 LT
WAHD, FOBEPEEE L TCEREEZESICOEEGE T E0HL L0 HICd hoTz,

SE X

1) Danks, D. M. (1989) Disorders of copper transport. In Scriver, C. R., Beaudet, A. L, Sly, W. S. and Walle, D.
eds., “The Metabolic Basis of Inherited Disease. 6th Edn.”, McGrow-Hill, New York, pp. 1411-1431.

2) Danks, D. M., Campbell, P. E., Stevens, B. ]., Mayne, V. and Cartwright, E. (1972) Menkes kinky hair syndrome:
an inherited defect in copper absorption with widespread effects. Pediatrics, 50, 188-200.

3) Kodama, H. (1993) Recent developments in Menkes disease. J. Inher. Metab., 16, 791-799.

4) Harris, E. D. (1993) Menkes'disease: perspective and update on a fatal copper disorder. Nutr. Rev., 51,
235-245.

5) K. T. Suzuki (1995) Disordered copper metabolism in LEC rats, an animal model of Wilson disease: roles of
metallothionein. Res. Commun. Mol. Pathol. Pharmacol,, 89, 221-240.

6) Chelly, J., Tumer, Z., Tonnesen, T., Petterson, A., Ishikawa-Brush, Y., Tommerup, N., Horn, N., and Monaco, A.
P. (1993) Isolation of a candidate gene for Menkes disease that encodes a potential heavy metal binding protein.
Nature Genet., 3, 14-19.

7) Mercer, J. F. B, Livingston, ., Hall, B., Paynter, J. A, Begy, C., Chandrasekharappa, S., Lockhart, P., Grimes, A.,

148



9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

V—2 LECTv MIBIFAHRAHEEBIUHEERB~OX 05434y OHE

Bhave, M., Siemieniak, D., and Glover, T. W. (1993) Isolation of a partial candidate gene for Menkes disease by
positional cloning, Nature Genet., 3, 20-25.

Vulpe, C., Levinson, B., Whitney, S., Packman, S., and Gitschier, J. (1993) Isolation of a candidate gene for
Menkes disease and evidence that it encodes a copper-transporting ATPase. Nature Genet., 3, 7-14.

Bull, P. C., Thomas, G. R., Rommens, J. M., Forbes, J. R., and Cox, D. W. (1993). The Wilson disease gene is a
putative copper transporting P-type ATPase similar to the Menkes gene. Nature Genet., 5, 327-337.

Petrukhin, K., Fischer, S. G., Pirastu, M., Tanzi, R. E., Chernov, 1., Devoto, M., Brzustowicz, L. M., Cayanis, E.,
Vitale, E., Russo, J. J., Matseoane, D., Boukhgalter, B., Wasco, W., Figus, A. L., Londianos, J., Cao, A., Sternlieb,
1., Evgrafov, O., Parano, E., Pavone, L, Warburton, D., Ott, J., Penchaszadeh,, G. K., Scheinberg, 1. H., and Gil-
liam, T. C. (1993). Mapping, cloning and genetic characterizadon of the region containing the Wilson disease
gene. Nature Genet., 5, 338-343.

Tanzi, R. E,, Petrukhin, K., Chernov, I, Pellequer, I. L., Wasco, W., Ross, B., Romano, D. M., Parano, E., Pavone,
L., Brzustowicz, L. M., Devoto, M., Peppercorn, J., Bush, A. I, Sternlieb, L, Pirastu, M., Gusella, ]J. F., Evgrafov,
0., Penchaszadeh, G. K., Honing, B., Edelman, I. S., Soares, M. B., Scheinberg, I. H., and Gilliam, T. C. (1993)
The Wilson disease gene is a copper transporting ATPase with homology to the Menkes disease gene. Nature
Genet., 5, 344-350.

Takeichi, N. (1991) LEC rats. CRJ Letters, 4, 1-8.

Li, Y., Togashi, Y., Sato, S., Emoto, T., Kang, J-H., Takeichi, N, Kobayashi, H., Kojima, Y., Une, Y. and Uchino, J.
(1991) Spontaneous hepatic copper accumulation in LEC rats with hereditary hepatitis: A model of Wilson's
disease. J. Clin. Invest., 87, 1858-1861.

Li, Y., Togashi, Y., Sato, S., Emoto, T., Kang, J-H., Takeichi, N., Kobayashi, H., Kojima, Y., Une, Y. and Uchino, J.
(1991) Abnormal copper accumulation in non-cancerous and cancerous liver tissues of LEC rats developing
hereditary hepatitis and spontaneous hepatoma. Jpn. J. Cancer Res., 82, 490-492.

Okayasu, T., Tochimaru, H., Hyuga, T, T'akahashi, T., Takekoshi, Y., Li, Y., Togashi, Y., Takeichi, N., Kasai, N.
and Arashima, S. (1992) Inherited copper toxicity in Long-Evans cinnamon rats exhibiting spontaneous hepati-
tis: a model of Wilson's disease. Pediatr. Res., 31, 253-257.

Sakurai, H., Fukudome, A., Tawa, R, Kito, M., Takeshima, S., Kimura, M., Otaki, N., Nakajima, K., Hagino, T.,
Kawano, K., Hirai, S., and Suzuki, S. (1992) Unusual accumulation of copper related to induction of metallothio-
nein in the liver of LEC rats. Biochem. Biophys. Res. Commun., 184, 1393-1397.

Sakurai, H., Kamada, H., Fukudome, A., Kito, M., Takeshima, S., Kimura, M., Otaki, N., Nakajima, K., Kawano, K.,
and Hagino, T. (1992) Copper-metallothionein induction in the liver of LEC rats. Biochem. Biophys. Res. Com-
mun., 185, 548-552.

Sugawara, N. and Sugawara, C. (1994) A copper deﬁciem diet prevents hepatic copper accumulation and dys-
function in Long-Evans Cinnamon (LEC) rats with an abnormal copper metabolism and hereditary hepatitis.
Arch. Toxicol., 69, 137-140.

Sugawara, N., Sugawara, C, Sato, M., Katakura, M., Takahashi, H., and Mori, M. (1991) Copper metabolism in
LEC rats aged 30 and 80 days old: Induction of Cu-metallothionein and status of zinc and iron. Res. Commun.

Chem. Pathol. Pharmacol., 72, 353-362.

149



20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

150

Suzuki, K. T., Kanno, S., Misawa, S. and Sumi, Y. (1993) Changes of hepatic copper distributions leading to
hepatitis in LEC rats. Res. Commun. Chem. Pathol. Pharmacol., 82, 217-224.

Suzuki, K. T., Kanno, S., Misawa, S. and Sumi, Y. (1993) Changes of copper distribudons in the plasma and kid-
neys of LEC rats following acute hepatitis. Res. Commun. Chem. Pathol. Pharmacol., 82, 225-232.

Suzuki K. T., Kanno, S. Misawa and Y. Aoki (1995) Copper metabolism leading to and following acute hepatitis
in LEC rats. Toxicology, 97, 81-92.

Sasaki, N., Hayashizaki, Y., Muramatsu, M., Matsuda, Y., Ando, Y., Kuramoto, T., Serikawa, T., Azuma, T.,
Naito, A., Agui, T., Yamashita, T., Miyoshi, 1., Takeichi, N. and Kasai, N. (1994) The gene responsible for LEC
hepatitis, located on rat chromosome 16, is the homolog to the human Wilson disease gene. Biochem. Biophys.
Res. Commun., 202, 512-518.

Wu, J., Forbes, J. R., Chen, H. S. and Cox, D. W. (1994) The LEC rat has a deletion in the copper transporting
ATPase gene homologous to the Wilson disease gene. Nature Genet., 7, 541-545.

Yamaguchi, Y., Heiny, M. E., Shimizu, N., Aoki, T. and Gitlin, J. D. (1994) Expression of the Wilson disease
gene is deficient in the Long-Evans cinnamon rats. Biochem. J., 301, 1-4.

Sakurai, H., Satoh, H., Hatanaka, A., Sawada, T., Kawano, K., Nagino, T. and Nakajima, K. (1994) Unusual gen-
eration of hydroxyl radicals in hepatic copper-metallothionein of LEC (Long-Evans Cinnamon) rats in the pre-
sence of hydrogen peroxide. Biochem. Biophys. Res. Commun., 199, 313-318.

Oikawa, S., Kurasaki, M., Kojima, Y. and Kawanishi, S. (1995) Oxidative and non-oxidative mechanisms of site-
specific DNA cleavage induced by copper-containing metallothioneins. Biochemistry, 34, 8763-8770.

Suzuki, K. T. and Kuroda, T. (1994) Direct transfer of copper from metallothionein to superoxide dismutase: A
possible mechanism for differential supply of Cu to SOD and ceruloplasmin in LEC rats. Res. Commun. Mol.
Pathol. Pharmacol., 86, 15-23.

Suzuki, K. T. and Kuroda, T. (1995) Transfer of copper and zinc from ionic and metallothionein-bound forms to
Cu,Zn-superoxide dismutase. Res. Commun. Mol. Pathol. Pharmacol., 87, 287-296.

Suzuki, K. T., Yamamoto, K., Kanno, S., Aoki, Y. and Takeichi, N, (1993) Selectivé removal of copper bound to
metallothionein in the liver of LEC rats by tetrathiomolybdate. Toxicology, 83, 149-158.

Suzuki, K. T., Yamamoto, K., Ogra, Y., Kanno, S. and Aoki, Y. (1994) Mechanisms for removal of copper from
metallothionein by tetrathiomolybdate. J. Inorg. Biochem., 54, 157-165.

Suzuki, K. T. and Ogra, Y. (1995) Formation of copper-metallothionein/tetrathiomolybdate complex is the first
step in removal of Cu from LEC rats. Res. Commun. Mol. Pathol. Pharmacol., 88, 187-195.

Ogra, Y. and Suzuki, K. T. (1995) Removal and efflux of copper from Cu-metallothionein as Cu/tetrathiomoly-
bdate complex in LEC rats. Res. Commun. Mol. Pathol. Pharmacol., 88, 196-204.

Ogra, Y., Ohmichi, M. and Suzuki, K. T. (1995) Mechanisms of selective copper removal by tetrathiomolybdate
from metallothionein in LEC rats. Toxicology, 106, 75-83.

Ogra, Y., Ohmichi, M. and Suzuki, K. T. (1995) Systemic dispositions of molybdenum and copper after tet-
rathiomolybdate injection in LEC rats. J. Trace Elements Med. Biol., 9, 165-169.

Suzuki, K. T., Ogra, Y. and Ohmichi, M. (1995) Molybdenum and copper kinetics after tetrathiomolybdate injec-

tion in LEC rats: specific role of serum albumin. J. Trace Elements Med. Biol,, 9, 170-175.



V.

00
e

DA - BALETEHEEE - 7)) —F VA Becheofooocfocfecfococfocfocfoofocfocfocfocfocfocfocgocgood

3. WA LHNRE - 7V —F I N

Foogo

##

§oogoog go % <§oogoofoofoofocfocfocfocfocfocfocfocgock oGocfocfocfocfe

Active Oxigen and Free Radicals in Cancer Therapy

Yoshiya Furusawa
Space and Particle Radiation Science Research Group,
National Institute of Radiological Sciences,

4-9-1, Anagawa Inage-ku, Chiba 263, Japan

Abstract

To control cancer by using the function of active oxygen or free radicals, these molecules must
work inside the cancer cells or in sites very close to the cells, and reduce the cell activity. Under
this hypothesis, several theraputic methods have been investigated, including not only chemical or
immunological treatment but also hyperthermia, photodynamic and radiation therapy. Photodyna-
mic therapy and radiation therapy are the most aggressive theraputicue methods which use the ac-
tive species as a tool. Photodynamic therapy produces many radicals through sensitizing matehals
by absorbing intense laser light. Radiation therapy also attacks cancer cells through the produc-
tion of many radicals from water molecules in the cells. Recently, heavy ion radiotherapy is
started at NIRS as a new effective method for radiation therapy. The dose distribution and biolo-
gical effectiveness of the heavy ions are better than in conventional radiotherapy. The oxygen
effect, which is known to reduce the radiobiological effects is low for heavy ions. In addition free
radicals are produced in a very limited area with the tumor with very high efficiency. Thus, heavy

ion radiotherapy seems to be able to open new perspective in cancer treatment.
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Aging Caused by Active Oxygen and Its Protection
Shiro Urano
Tokyo Metropolitan Institute of Gerontology
35-2, Sakae, Itabashi-ku, Tokyo 173, Japan
Abstract

Among several theories which have been proposed to explain the mechanism of aging, the theory
based on active oxygen species and free radicals that aging process may be caused by free radical
reactions and the formation of lipid peroxides which leads to agerelated degradation of living tis-
sues has been supported extensively. There are evidences that one of the major targets of free
radicals in living tissues is the polyunsaturated lipids of cellular membranes, and that their de-
gradation induce deterioration of membrane functions. Thus, oxygen, while actually essential for
animal and human, is toxic for living tissues and it may accelerate aging process. It has been
shown that lifespan of mammalian consuming much oxygen is shorter than the less oxygen con-
sumed species, and that human serum has higher levels of antioxidant than serum of shorter lived
species. Such observations suggest that active oxygen species may influence the aging process.

In this thesis, it will be reviewed whether activ_e oxygen species accelerate the aging process,
and, hence, those make a senescence, and whether antioxidants can act as longevity determinants

in mammalian.
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Figure 1. Correlation of specific metabolic rate and Figure 2. Survival curves of male houseflies main-
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Figure 8. Transmission electron micrograph of
abnormally accumulated synaptic vesicles
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Figure 4. Changes in permeability of synaptosomes Figure 5. Effect of hyperoxia on TBARS of rat
to glucose caused by aging and hyperoxia. synaptic membranes with age. Rats were
Open bars, control; dotted bars, synapto- maintained under air (open bars) or ex-
somes from rats exposed to100% oxygen posed to 100% oxygen for 48 hours (dot-
for 48 hours. ted bars).
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Free Radical Involvement in Gastric Mucosal Injury Induced by

Nonsteroidal Anti-inflammatory Drugs

Yuji Naito”, Toshikazu Yoshikawa”, Norimasa Yoshida”
Yasunari Nakamura?, Motoharu Kondo?
1) Department of Medicine, Hikone Central Hospital

2) First Department of Medicine, Kyoto Prefectural University of Medicine

Recent reports have demonstrated that gastric injuries induced by nonsteroidal anti-inflammatory drugs
(NSAIDs) are neutrophil-dependent and that NSAIDs promote leukocyte rolling and adherence in mesenteric
venules. These studies propose that neutrophil-endothelial cell adhesive interactions is an early event in the
pathogenesis of NSAIDs-induced gastric mucosal injury. Indomethacin (25mg/kg) or aspirin (200mg/kg)
plus 0.15N HCI were orally administered to male Sprague-Dawley rats (200g). Six or three hour after admi-
nistration of NSAIDs, the total area of gastric erosions, myeloperoxidase (MPO) activity as an index of neut-
rophil infiltration, and thiobarbituric acid (TBA)-reactive substances as an index of lipid peroxidation were
measured. The administration of indomethacin or aspirin induced severe hemorrhagic erosions on the rat
gastric mucosa. MPO activity and TBA-reactive substances in the gastric mucosa significantly increased.
These increases after NSAIDs treatment was significantly inhibited by the treatment with oxygen radical
scavengers (SOD. dimethyl sulfoxide). In rats treated with anti-neutrophil serum, gastric erosions and MPO
activity was significantly reduced. In addition, treatment with anti-CD18 antibody, anti-CD11la antibody,
anti-CD11b antibody, or anti-ICAM-1 antibody significantly reduced these injury as well as the increase in
MPO activity after aspirin administration. These results indicate that neutrophil adherence to endothelium
via CD11a/CD18- and CD11b/CD18- dependent interactions with ICAM-1 and reactive oxygen species

mainly produced by neutrophils are involved in the development of gastric mucosal lesions induced by
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Vi-1 BHEEE

NSAIDs.
(1) # B

HEBEOBHIZBW TS T ST LAERIDPFH SN TS Table 1 Mechanism of NSAIDs-induced gas-
B, CAUCHEVEIER b BE MBS, 2T, B tric mucosal injury
BEZINLEEHO S boRENLZLOOVEDTH AR PRAEEF 3
Bo —J7. EEPRBOMBSI | JROR B L RS DT

Vil Lﬁﬁﬁﬁ b P f%ﬁx B E A 4 > 05T

FEIRE b o CHRIET 2 BMEH WL ITEE T KN FERE L7 DA
L, COBERELTHELSVOFA L ALERCLS S ) D T

) s : ] - tight junction DA
DTHhHb, T/, BEERBSNI-HAR) v FMEHOHFHAE ke 0 RS B A )
T3, NSAIDs %R LW A 81.00060 5 &, HigE. L R

o L U e L SN s 0 s 7Y =7 T A NVRIEDTHE
U5 AMEB R E O EEREEREN60% L Eicsa s T PR TE AL

B, NSAIDs 12 & 2 HIGEESEELRMBR L 2o T
BV, FORMBIZOVTIE, R I Y E DML R SN, Table 1 IZRT L) REHEIHS 2 ER T
Wb, FOERLDIX, NSAIDs 12X B 704 %27 F—PHED, BRHEMRAEERZ AT 5HARE
WTOREY 75 TA Y REVFEERFTHH EHBINTEL, $72, WODPDTBRAY TF T
YEFIS T CICHKRIBH SN T, LAL, 2ORRIEHGTHLR b OTIE R, KK, £ oEiE
PRENTWBEILLEETH A,

WALP RS 722 0 T b BRI VR B R EW W I8 5 S h, BUMEBRBEESESIZRE LR TV, £
Wz, R EUIRIOR 7 ) — 5 U h LR MERREE & B L5 2 IR T Y — 5 Y A LR
LY, BHICBRIEGESEL S, ARTIE, SEXAT 04 FRILESRE (NSAIDs) 25, 7U—F %
WEAR T WPICELSE, 727 ) - F VW NVEHERZ WRICHRES S Z LI2 L) BRIRGENEL
TWAPITDOWTHRLLYY . €OXRERY 721,

(2) NSAIDs RiE2EBHREST &SRR - 7V -7 D0

TAEYYRA Y FAE 2% Ty MG T AL, NSAIDs (2 X % b b BREAGEH O & /3
TEB, SO, TRHDEFLE NSAIDs 2 & 5 HHBEEEOHEOMAD 72015 & & AT
%%, AYFAF Y (Qome/ke) % SDRMMT v MG T 5 &, BHIRD S AL 3 FIH L
HHL L. #5959 6 BRI 1T IR IR RE O MEE LT 35 - 7o 80K, AURO IO S ADSE U B, EHE PG &5
EAGRA Y FAY Y 5mg/kg G L TCHOHMU S ARERCTLRWI L LY, S Y FAF TV RE
HEREOBRED S AOBEICE PCARME ML THORFOMS #E S b, TREERILOHE
T % BHEA TBA (thiobarbituric acid) FUBIHE b BERFAIIC, 75 A DI & MAT L THINT 2, Mz
T, I 0 ERIERZAE, BRIEAN TBA KICWE 0BG, HHERFEHEEHTH 2 SOD £ DMSO
(dimethyl sulfoxide) DRILEIC X WV HZICHHIS NS (Fig 1)% CALOI 21, TTIRHMEL TN
it D EERA) B IR E & FRRC . AR EREREORRIEERESES L. 205 P EREH ORI
BEEE % B4 2 2 L2 X DA SRS SN2 EMIIR T B LR A B IERE E o 2 8 A TTREME 2 7R T b
DTHDH DTS . DMSO BEF AR RS RT oL IVE FOSF VT S LOBERIEL b,
R DTSN TV 2:ERERE (Fe. Cu % &) BRI D Haber-Weiss nd & KX L5 I hvm
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BERDDEDTHH ),

Z D& RIEHEERRHEER O BRI REER O 2
B ALERET A 72012, BREMINMER O S
bOME IR 727, BHREICBIT 2 ME &
Evans blue BE DRI =E L V. F 72 Monastral blue
BBRICLE TN IS L ) MENEMREED
RIE L L 72, Evans blue B O BHEA~ORH
= &ﬂﬁﬁ%%ﬁ%&m&t@fﬂjﬁtfwmw YR A Cont séb CAT 560 Contzoﬁéo
UG BMBICBOTRHBEE -2 2D, +CAT
M ZBEEDTLEIFEED S AT L CHET S Fig. 1 Effects of SOD, catalase (CAT), SOD + cata-

Z & BB E o 72, SOD % SOD & Catalase O lase, or dimethy sulioxide (DMSO) on
indomethacin-induced gastric mucosal injury

w
it

b
2

Area of gastric erosions (mm?)
[aed
(]

(=]

B EE Z 12 Evans blue BE0¥EIN% HIE L 72, in rats.
Monastral blue BEZEIZL A 5N > 72 &k st #p<0.05 vs control.

(adapted from ref. 4)
L7cmEAEMREE>WTS, A v x5 P>

B5 1, 2EEEBL DT CICARMIEESIIHILTB Y, FEIC SOD < SOD & Catalase DBFFIC &
DEERIHI SN, o 0KEE, UERECTH ZMMEREES, ENEHREE I CEEBREOM
5%RTHDOTHY, Z0OH%, BUBEICI VTSR SN LREERUCHIHRRD S ADERIZES
LTWAIERERTODTHA ), TALY VEREEHBEEEE T VIZBWTYH, FRRICEERIEE
AN LD REDSBR SN B,

(3) NSAIDs Fi2* BHREE & 7RSI
A, FEBREY NSAIDs B E A P ERMA 7 v b el S s 2 L iy s (Fig. 2)°, €0
BERTIZBT 2 PROZEPED ERTVLFRTER LT v MIFRIAGRZHS L TH L,

< ~ 50

£ e

E E

2 g a0,

b= o

: s

] 3 30+

L =

= @

a o

g, - 20

kS 8

pd o

o < 10

<

. L. Normal ontrol  Anti-CD11a Anti-CD11b Anti-CD18 Anti-ICAM-1
Indomethacin Aspirin

Fig. 2 Effects of anti-neutrophil serum(ANS) on Fig. 3 Effects of monoclonal antibodies to adhesion
indomethacin- or aspirin-induced gastric molecules on aspirin-induced gastric mucosal
mucosal injury in rats. injury in rats.
Control rats were treated with normal rabbit #p<0.05 as compared with control group.
serum. # p<0.05 vs control. (adapted from ref. 6)

(adapted from ref. 8)
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AVINRAT Y RTAEY VL DBHBBELITUAS 75 FA VPET LT TOIRIE NS, F
7z, NSAIDs #5:1 X ) S MEBR R IC B CHFPERASN RZ IR I 368 LI AMCER T 5 2 L1220 in
vitro DEEEME ML —IFPERORICT A ) Y 2T 5 &, eSS T2 2 &
R EL RSN TS, NSAIDs I & BUFHER— M AREERNIE, W& OMIBERE LICAF e T 584
DFENLTELLZSDOTHY, TOHRLIEE ZRIZLT0DB b DA, FHEk B CD11a/CD18 B &
0F CD11b/CD18 & MEPIEZMIL LD ICAM-1 BL PELD ) TV FEDEEETH 72549, 72k 21,
TAEY YEREEHEGEICTL T, RoEESFICHT AT/ s u—F bk G T AL, B
RO AR S L (Fig 3). MRS, BB O hERRE % FH I $ 5%, Aidkao SOD %
N T —BORMUEERERT S IHEBROEREE L QISR L g Eko R Elo BB AR
B LHERTH b,

(4) NSAIDs Bt BHEREDIR
NSAIDs 12 & 2 BHBEEEOEIE Y Fig. 4 DL I2F LD ThID, KEETIRIFREk— SN EAL

£
(=]

NSAIDs
aspirin, indomethacin, etc
e I ~
PGs |

Neutrophii-endothelial  Hypermotility
LT84t — cell interaction :

@
2

Neutrophil accumulation !
Elastase, Protease = Reactive oxygens Capillary plugging 104
b
Endothelial injury Lipid peroxidation =~ Ischemia

Area of gastric erosions (mm?)
n
?

o

i Microvascular injury

Normal Control Rebarlnipide

f
T !‘ Gastric Mucosal Injury

Fig. 5 Effects of rebamipide, a novel anti-ulcer

Fig. 4 Pathophysiology of NSAIDs-induced gastric agent, on indomethacin-induced gastric mucos-

. al injury in rats.
mucosal injury

#p<0.05 as compared with control group.
(adapted from ref. 16)

VER IR SR D TETHIR SR 2 TR 7o B T T 0 & 9 W ER IS ER & SR 7o P B (Fig.
5) ZHELRBEINTHYY, 4ROMKISH IR L2,
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Mode of Action of Reactive Oxygen Species on

Cardiac Cell Functions

Eiichiro Okabe
Department of Pharmacology, Kanagawa Dental College

82 Inaoka-Cho, Yokosuka, Kanagawa 238, Japan

ABSTRACT
Several mechanisms have been proposed to explain the genesis of myocardial reperfusion-in-
duced injury. It has been postulated that disturbances of ionic homeostasis may determine the vul-
nerability of the heart to reperfusion-induced injury. The concept has been put forward that reac-
tive oxygen species, produced during reperfusion, cause oxidant stress to membrane protein or
lipids that leads to disturbances of ionic homeostasis and arrhythmias. In support of this concept,
~ the evidence for a burst of reactive oxygen species production during reperfusion has been
obtained, and the studies, in our hands, have shown protective effects of reactive oxygen species
scavengers (superoxide dismutase, catalase, mannitol, and histidine) against reperfusioninduced
arrhythmias. It has also been shown that singlet oxygen generating pathway including hypochlor-
ous acid, can enhance the vulnerability of the heart to arrhythmias and induce potentially arrhyth-
mogenic electrophysiological changes. We first hypothesized that the first primary target
organelles attacked by reactive oxygen species is portion of the myocardial excitation-contraction
coupling system that regulates Ca*" delivery (the sarcolemma and sarcoplasmic reticulum, SR) and
not the contractile proteins per se. The results presented here suggest that superoxide anion radic-
al or closely related species of reactive oxygen may selectively cause a large disturbance of Ca®*
homeostasis via increased release of Ca?* from SR through Ca?"-release channels. Based on these

lines of evidence, it now appears that the action of reactive oxygen species i vivo may be medi-
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ated through this key intracellular specific proteins, such as the SR Ca®*-release channel, thereby
causing Ca®** overload linked to arrhythmogenic electrophysiological changes.
Key words: Reactive oxygen species, Singlet oxygen, Ischemia-reperfusion injury, Arrhythmia,

Sarcoplasmic reticulum, Ca*"-release channel.

I. FU®IC

Sk IR BROTRIEL - FUBICIPIS L CAER S NATEERRE - 7 — 7 V7 VOREA MR INER R
ENTWVE, EIERAER L OMES L E NEHHBE - 7V -7 VW IVHEOIERHE LTIRA A Z
LX), NO 225 hydroxyl radicl (HO:) (CELEUEER T ¥ 7 VEOEER L % 28 & L 72 RER
FROMFESPRFENT VD, 728 21, TNFE TR BEINICHIE STV 5.0 R I—FEREE T,
FSENRE - 7)) - UV ANVOBS T AEEREEO—WRILE LT, 205101 RIS P ZEERT
%, MEEFEBICEL CTAETALBRERES | & LTEFIN TS, BERNICIE, TEIREM (spasm)
OFFFER MBI & 2 MR EHRERICA SN A OCEEAEIR, HEARAEILIC L 2085 % Lo
BT, R TFATEE S EE T A AN T OB 2 O LBEREREA 2R A ¥~ (stunned myocardium) » T
IEENDLD, NS OFFEBRANTEEREE - 7)) — 7 VA NPRLIREE R L Tn b I E 2 RET
BEEFEIIEEIIEBRINTE TS,

1. BO—EEREERFOSHFME

INETIRIM—FEREELZ RS EH5RF & LT DR ATP LV ORT, Ca® @RISR (Ca**
overload), {FMWMZ - 7V —F P HIVEE, Z L CGEEREE, 2E8E2Zoh &k, FLLTIN
S5, LHRENTOLE Y — FICEEL/-RTTH 505, EHMERSIEERLIGEE L -BERT L
VETRME D AESEICEE ST 5, LHESLEEIR S £ OB AR - M/MROSER L T B MR R 2T ERRIN I
LERLTOHOMERENTWAEER, AMIKBRET7 A VY -2V HERCTHEREELZHIETE S &
VR L R C . ERMER R BRI EOK 2 2 B THA T & AR L CEEE,
BRSO EN -FERABOEEBRER - 7V - VW IVEEERTH L EmMIIEHE LD,
Romson D7 N —T"TH b, EHlE, HHRBEESY CHEREENMERENLZLEZRVWIEL, 20
AT SOD R catalase Z VG E DR RIS THILE L 5 5 2 & 238 Lo, MRROHERERILRLHAEY
DEE, HAVITFNVE- VI AT VO L) BRI CHAERZEER{LT 5 & superoxide (0:7) EEAE
D72 DEELBEBEVFFHENL, FHERICXBZDT U HIVEEIL, NADPH # 28 L L CBES
F% 1 ETEILT A NADPH BRILEERIC L o TER EN S, BEESN: 07 EBZEND 5\ ILFEEEN
12 Ho0p, HO. —EIEHEEE (102, REIHFEEE HOC) LR EOEHEEZE- 7)) -5V VBt t 4
T5,

2. BERTER

FERAER, & OOCEMBYo MBEE & R fIL, BIMFEH & O 2 bell-shaped curve O B4R
R, Ml T v MG E HWAEBRT, 10~2070 0 BILERICEER T 5 & 4590% OB T.LEME)
BHBT 5, Zo%6, BERERD O OSEMMANEE L AR COEMENIRIT. INERT 5. K
R cd ., TEIRETRRR & BERAEIREIREE & O BIZIE bell-shaped curve 25F4® H 4L, & {1220
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V-2 EERRE - 7 - 70 b0 LRIER R

~ 300 MR M AR D FFHEGTAZ & o TR S ICBI b5, FRIZS . 7 spasm K 3 5 SRSk
DVEY R SEREE I LRI 12 B W CLEM R L EME) 2 EOEE & BERAERSHET 5, F7-,
T BE IS LLRT O B D 2B 5 R B R e 2 A L 7 cld. (OEMBI DS E T 5 HED R
VL BRI FERAERER L OMETINABHT 22 LIETE 20,
FH#ERANEROFEAIIE, KY, Nat 2 LT Ca* &4 4 3T v A0 %k, Na*/Ca?" 5L f =
Nat/H* 28RO IEEREGR, adrenaline TAMIGEHEALIC & D 72 9 MIBLA cyclic AMP O, F/20) V) >~
BEOEALR EEHRRTFPEET 557, —F, BEREICELESNLHEERE - 7)) - VD VHEAR
BEREFHECTEHLHRT L LTHBIN TN,

3. Ca®* overload

I, O ABERICREKELTT Y F—v 2R b, L L, MBBEICEAEYT A Nat/H*
ZHRDWEERIRIC L ) H ORAH LIMEE SIS & & D ITHIFEPRA~D Na*t AP HEMT 5, Z DMl
FaN Na* jE O ¥EhNAT Nat/Ca?t ZHER % 9 5 Cat AR E T B 2 &2k b, MBI Na*t i3 £
& LT Na*/Ca® X & Nat/Kt-ATPase % L CHIREA AL A S L5 25, B = L F —JHKAE
HTHHDIIH L, BB ATPIKEETH ), BILIZE L2 )MEEATP LARVOERTASEZ B,
BRI AN @ Na* id Na*/K*-ATPase £ V) & L 5 Na*/Ca? KR % A L CRAH SN D L HERT
LHEDBRMTHS, LHrd, [Natl/[Natlo DR AL, »oBEMF LA TA2II2RHEHE D OB
M0 CiE, Nat/Ca® SR H NIRRT 5 L2 B RE T, NN~ D Ca? A KkD
FlEEx U<,

WEHEER - 70— VA VR BN - FERBEEORERER L LB 52012k, L & b iEH
W 70 =9 VN NP HERBEEX BN TE 208 2 L2 TSR 52\, 070 OEBEE
EZNIZ Lo TIRONIRERNE, SHIHERTHED S,

. SEMEER - 71— U AN LB OHEBEEED X H =X L

1. BO—EEREECERE . 7 -V AL

EHEBE - 70—V VDH) b, SEFEBBCFULEE b 727 v 07 1, RIS % 521F T Hy0p ~
EREN, S5 CBEBREBOMBE T CEVREIEE b0 HO 2 ERT 5, 20— RS A5 8E i — Fi
MREE B L TWD EEL LR TV, Lo L, HO BIREEMILEE A LT 0, 2K T 5, L7
BoT, HO IS Lo TEEL 726 SNB LER SN TWMBIEED, 1310, % /0¥ 2 BB R REC
HHEERDZLRTHETH S, 10,13, H0, LIFHEREE I TOL A £ 5 —¥ (MPO) Ofilli%
AT CEA SIS HOCL E DU T T OREEE» S ER SN S,

MPO
H,0, + H" + CI© — H,0 + HOCl

H,0: + HOCl —— H,0 + H*+ClI"+'0.

INOLDOEEEER - 7= VAV, Bll—FHERERTFVCTELRE 2 ETLIZLEDOTE L A
FA L= = ThLPEPERETILESDH L, 3. TIINAINRY T ¥ —OREH ST 2 =
L ERE AT,
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(1) EB&AHZE

FOMI—T :SD Iy b (M) XD LEEEE, ORIV - Y EBAL, SEBINE
Langendorff AR Z/ER L 72 Krebs-Henseleit (K-H) buffer (95% 0,-5%CQ,) 12 L % 100cm H,0, DEE
HEUL % 1T\, electrocardiogram % Lk, Wit= & MI5E L 720 305D global % BIMLO ., 2043 & @ BT
ETNTAHALNDILLER, LB L TEREDVEN. 2 L THREROFERIGT 57V H VA AN
YTV —DRFERFEL 2o WA A BT Y v —13, superoxide dismutase (SOD, 30U/ml), mannitol
(5mM). % L T hietidne (10, 25, 50mM) T#& V), ZNENRLIRAREICZR D L9 12T K-H buffer
R CERICH L, T, INOAINRY YUy —F &L K-H buffer D pHIZ7T.4ERETH - 72
K-H buffer DIRBTIZA AR Vv — % EfEL 728 LT3 285~323mosmol DEFHNTH - 72,

JObMI—O 7 ba— LT EREERICSD 7 v MREEGE A BV Langendorff BEAR % {ERR, K-H
buffer T155 B OFHER (100cm H,0) 24T 572, £ D7k, global Z &M (5. 7.5, 10, 15, 20, 307))
WCRERT L CHEEETT (104) L. FERBZR & & B ICERER L 72 electrocardiogram A 5 ANEEARDFEIR I 13
Y 72 global BMLKFH % Pisg L7z, b, FHEER & BMEFIZIZ<—3 >~ 7 (5Hz, 3ms, 6V) ZHEL 72,
CDEBT, 557HD global Il — 105 M BER CTABIIROFER L ERELIBALNZ P o722 L
5. HOCL & H.0; AN0HIC5 2 2 FHERABIRF REAFRE 2 M T 2 HMTUTOER Y ha— vz
SHE L7z, HK buffer 12X 5 5 0B OFEEROEIZ, H0, (200uM) & % 2 iE HOCL (50, 100, 2002:M)
% &4 buffer (28] ) B X TLO0HOEREZATV, €D, 557 H D global FILIZAHHE L T H-K buffer |2
L2100 BOBERYTo7. TO0FHOBERTHFEREENSLAENRE HOCL A A XY Ty —
methionine (10xM, 100pM, 1mM) ORhHE%EEFME L 72,

HOCI iZ NaOCl 2* & Elbrich et al. " O EICHE U THEL 72,

(2) & &R
TOMI-N]T BIFHERIC L > TREOER EEREILENENH60% £80% DA %R L7z, his-
tidine 12 Z DWAEFHEFICHIE L7 (Fig. 1), F 72 SOD + catalase -+ mannitol [ Z/E/GEBFERA O & % |
L7z REER (VT, VF) EHERER 5B ITXTOEY (h=10) IZHER CEEEbiRH
12.2241.55%) &n., FOFEEEE T histidine 5\ d SOD + catalase + mannitol THEICHEHE L 72
(Fig. 2), BBl —F#ERIC L 5 normal sinus rhythm O FEHE H [EAE T histidine & 4 213 SOD + catalase
+ mannitol TEE L7z (Fig. 3)o IABIIHERDE (5 ~7%) TRRABRICRST 225, BERRI
~ 175 TIEIZTCOMEICIE L7z BERMENICA S N0 AE O A b histidine F 7213 SOD + catalase +
mannitol (12X o THIEE N7 (F—F & LTORET) WE L2 T _XTORIM—FERKEED /ST X —F —
1Z, SOD + catalase + mannitol & ¥ b histidine (25mM, 50mM) |2 & » THIIIILFE SN L LD TH - 72,
INSDRERIZ, i EOEEMIZI0 FATNY VTSI ECEN-FERBE, S LHTIZIIEE
WCRFETEX AL AT T 5B, LoL, 0r7, H:0.o £ L THO- % SOD + catalase + mannitol 7 7 7 )V
TAAINY Y LCH R BRELRMIERBEL LN TELh ol SONITVRGORELZ EITHZ LI
Lo TR HIERETERT A2 LITTE2 NV, L2L, & JICHRED SOD (ZIREERRAL
M RIED S — I 42— a VORBATETLZZEFMONTVHEDOTY, 2212 SOD + catalase +
mannitol FPRDORFVH B LER HRETH b,
TORI=T 0 BN R BIL—FEREED AT 4 -5 —TH LML BT L2 AT
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Figure 1:

Arrhythmias (min)

10 25 50
Histidine (mM)

SOD/Cat/Man

Protection afforded by histidine (10-50
mM) and a cocktail of SOD (30 U/ml),
catalase (Cat; 60 U/ml), and mannitol
(Man; 5 mM) against reduction of contrac-
tile function and coronary flow during 30
min of normothermic global ischemia and
20 min reperfusion. Results represent
means + S.E. from 8 hearts. *Significant-
ly (P<0.05) different from corresponding
value without scavengers.
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Figure 3:

0 10 25 50

SOD/Cat/Man
Histidine (mM)

Dose-dependent increase in duration of normal
sinus rhythm by histidine (10-50 mM) and a
cocktail of SOD (30 U/ml), catalase (Cat; 60
U/ml), and mannitol (Man; 5 mM). Results rep-
resent means * S. E. from 10 hearts. *Signifi-
cantly (P < 0.01) different from control (with-
out scavengers).

Vi—2

RS - 7 — 7 VU h VoL R AR

Figure 2:

0 10 25 50 SOD/Cat/Man

Histidine (mM)

Protection afforded by histidine (10-50 mM)
and a cocktail of SOD (30 U/ml), catalase (Cat;
60 U/ml), and mannitol (Man; 5 mM) against
duration of reperfusion-induced arrhythmias
(ventricular tachycardia and ventricular fib-
rillation). Results represent means =+ S. E.
from 10 hearts. *Significantly (P <0.01) diffe-
rent from control (without scavengers).
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Figure 4: Effect of HOCI on incidence of reper-

fusion-induced arrhythmias, and pro-
tection afforded by methionine (10
uM to 1 mM); n = 6 to 10/group.
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Koo, 512, 10 BRI E 5B TER S A B H.0, & HOCI O I — BiEmEE 2§
FENZDOWTHET L7z, ZOERTIE, Bl —HFERNBRSLERERILzFHL 2VWEHEOET IV EH
W RIMEARTIC HoO, & 5 W id HOCL IZESE S NG EIT0ET £ O b O BN R — FHER IS L TR WEE
B2 AR5 200 &) 2FHE L 72, HOCL IS F O UG S EEARTIL, Bl —BERIEE L CRERSE
HEICAEEIRATFHEFE S 41, methionine MLEIZ & o TEEEARIRIZBERFEICIPH & (Fig. 4) . H.0;
BN —FERR ST EINs Y7 (Fig 5A). T 72, normal sinus rhythm {Z. HOC! & b S € 72884

150 20 —
A | 31 [B
125 D Arrhythmia i 3 =+ 10 uM Methionine
. VF . + 100 pM Methionine I
100 14 ; B+ 1 mM Methionine
g 23
T 75 1 £10 3 q
é E T 19
g eI
=t 50 3] = =
: Eo |
el i - 1
25 H : T
23 =
0 i 0 . 0 I i i ]
50 160 200 200
H202 (200uM) \—-—q—n_—_-/ H202 (uM)
HOCI (M)

Figure 5. (A) Effect of H:0; (200 #M) on incidence of reperfusion-induced arrhythmias; n = 6 hearts. (B) Effects
of HOCI (50-200 M) and H»0, (200 #M) on duration of normal sinus rhythm during 10 min of re-
perfusion, and effect of methionine (10 M to 1 mM). Results represent means * S. E. from 6 to 10
hearts. *Significantly (P<0.01) different from the value at 50 gM HOCI; **'significantly ("P<0.05; ""
P<0.01) different from corresponding value without methionine.

THHERBEOEMRE LTROON, ZO%HR D methionine THIH & L7z (Fig. 5B), H,0. {& HOCI & [F]
12 normal sinus rhythm %3 L {JH#E &€ 7> (Fig. 5B),

NERFEHRLBEL LS E, BRI —FERIC 3 2 B RER X, HOCL & H0, & THELL 72
bOThHo72h, BERBOTRELICH L TiE, 200uM HOCI BIALEEART72% DA, 2004M
H.0; AILEREARTIZ69% DN vy & GEDTEH zR L 72,

(3) & =

MERR 7 DB 5 % 84 C & 5 Langendorff ‘LIREEARZ H v, BRI —FHIEREENS 0, I2LoTAT 7
IT—FENTWAUEREAIHMIC L, I3 T AERGERE LT, (1) BIL—FERF A
BR#S 10, A 1 X v ¥ % — histidine |12 & o THEICPHIEE 722 L, £ 1L T(2)SOD + catalase + man-
nitol & 7 7 V1213, histidine IZIEEUT ARIR A FRD D LN TE L h o7/ &£ Th A, histidine 1F HO-
S RIBT A D0, 123 A FUSEEERIE 1 X108mol/s TH Y. D ED 5 b histidine DFIFEIT 10,
BANNY D LIAERIKGE L D THALEZLONEUNTH S, £ LT, e ZHFIERPHFELT
WL, BI-FERCBLTI0, DERFHVEL I LOBELE b 25D, LrL, TNETERD
T\ 72 10, DA S HET 7™, 0,7 & Hy0, & O Haber-Weiss U, HO @ HY 5l &k & (2
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V-2 SR - 7 = U b LR R

Lo TR EN A PREBBILG. HyOy & HOCL & DS 8450, B EBHANT Y 7 LT b B
FLBITIUER LRV, INEDORIERIE, FEAICIE SOD + catalase + mannitol 71 7 7 )V T¥ T2 F
TEBETTHLEY, HTFT A XRCEED S CEWURE T 2V HVEETNADT 72 AT T H IV
FEERMZ T T 200 LtawY, —F, 10, 3B 5F AbFMIic T 25688, £ L TBo
BFICTARNF =2 Z T ETHE LD SN T b, histidine (£ 10, EUL LTI Y KA ¥ FE A&
B ABA, ERE NIy Fbd F 2 MR ICRNEEIL S b, 20 histidine ® b DA, in vit-
ro COPREMEMALIL (Fe** & ADP 2L %) ZHIflT 24K L THERREN TV AEY,

Y0, I v 7§ 5 H0, & HOCL O B A ENRGFZE BB IT RIS L 2 b D ThH o 72, HEHEREE -
7)) =7 A NIE, L LEHMIEA Catt A b T UNEER) 26 o Catt U A RE T A5, M
Ca* overload #5 | &I T2 Lo THIB L ANV COHBIEREZFRET L LW IR T, s
FERAEREBEOBREBEFN A D = AL TH A LRET L, H0:. 5 i3 HOCI AR Ca?* il
REX BEMICBIET 2 LERA A LICTFIBEIE RV, LA L, H0, T AIALE L 728K CTlE, TIENRFZRE
OREEEZT b 00, BERICE L TR T 23T ORMENT WML 72, Lz > T, H0, 25&
DEIBRADZALTIDL ) BEREEINEZRTOPAHETIES L2, BN —FEREED A 74 2 —
y—TlErwEimolTbons,

INEF COEBKEREDSHRT LB, HOCL % &8 10, ERO—EO RSB R AT, i — FFiEihE s
PEOEHERZLI®ETWAILIZR), 2L T, 2% L d H0, HFE, EENEEAT 1 2—-5 —
ELTTIER L, 10, 2 HOCL AR OMA R & L THED T 5N b,

2. Ca’ overload &iEMME - 77U -5 HI

GRS - 70 — 7 VANV BRERAEIROFER T =5 —Th b Lidv 2, Rill—FEREED
FERRNTH A ERZFTEWHTA2DIITHERICE L TASNS Ca* overload ZEMUMEE - 7)) —5 Y
ANPELT 52 ERMER L2 TNE RS vy, HHERICE s TEAESNDEERE - 7)) -7 V)L
i, EED L IO BRI L IRETEREROBREAEETL I LTE, TICLo
T Ca’ BERETH 2 LB AR RE A Bife S, BIITHBEELEC LE2 500 VHBNTH S,
L7zd8o T, BIRO P .IMGIEEREE - 79U — 5 2 7 LALLM Ca® fI# % & L To/NEk (SR)
C* NP7 REDL)IBHITALIDONMBRTLEIETHE, TOHWDZDIEHE S L7z DHLL

(1) ZEBRAHE

SR DBk & AR Calmodulin (CaM) B&Zs $ & U Ca?* load : MR EL KA H LR O A2 D i 2 & #0k
T8 SR % 43 L. fKBR — B50R KCI AL & 4mM EGTA JLEEIC L - T, CaM B&Z SR (EGTA-SR) % % L
7218 0 2 SR & AV, Ca®t loading (steady-state Ca®* uptake) & 15:7:7% 12 Ca?* K> 7% 2.5mM EGTA
Tl &, Ca® efflux D —RIBHEZ BB L722Y, T, FEOERSLET, SR Z2& 4SO
Ca** 28— x v b (SR#}Ca®*, SRAMEHAE Ca®. SR IfEA Ca®*, SRINHH Ca®) #MwE L., £
BRI A —F =6 SRINHEH Ca? i (Ca*t) %k /2™, Ca**-ATPase ifithid, [y-*P] ATP
» 6O PP OBEREEE L L THlE L7z,

CaM &M : 578 SR @ CaM F 4% CaM-stimulated phosphodiesterase ifE = 8 & L CllZE L 72",
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Ca™ M F v IV - 0BE SR # ALIRERICEE S &, BRI N/ Ca it F v A VO R—&E
iz seEk L 72Y,

T=STHAIDEE invitto T7 Y =T VW NVEFEEEE L7728, xanthine ¥ 2:'E & L 72 xanthine
oxidase B LR & A7z,

(2) EBER
Fig. 6 {12, W72 7 1) =F VA VEERTD glso 300 E]
0:7 & HoO, DFEEREETRT o 07 DHERE Sy . 250 .
I xanthine EEKAEPEIIIIL, SOD12EoT S g /‘»’ﬁ/’” 200 ———
FIFEa sl ez (Fig 6A)s —75, HzO, %75 M/ 150 %’Lﬁrxr
DZALiE 0,7 L AHIC xanthine EERAEICH £ 50 4 100—F 4
ML 7275, SOD DFFET T & 5 Il & L7z (Fig. gzg_gg —— sn,%
6B). Catalase 131EEE 215 B0, St e pppi L — 0ol oL e
720 L724o T, A7 < & b xanthine-xanthine Xanthine (UM)
oxidase o & H W AR D, Z O RID ORI EAH Figure 6: Rates of oxygen intermediate production by
SOD THIH & N7 &121E 05~ OFIAIZ £ T fg,eo;%n/t:;ere;iéig iﬁ“ﬁjﬁjﬁ; ‘(’?‘.i‘;azf
BIEHENLHETH L EHETE S, presence of radical scavengers (10 #M/ml of
xanthine-xanthine oxidase SUI#4% SR @ Ca** /» SOD. ©: 10 zg/ml of catalase, B). The aver-

age production rate of O27 (A) or H20. (B)

YR YT RIETHRE Fig 7 2R, during 5 min of incubation was determined
xanthine-xanthine oxidase R Iin CEAE I N L 7 by monitoring absorption during the reduc-
: . or e e s - tion of ferricytochrome C at a wavelength of
) =7 ZHVid, Ca¥ K ¥ T ATPase HIEIZ 550 nm or by monitoring the absorption at
4 5 2 412 (Fig. 7D) steady-state Ca?* load (Fig. 505 nm during the oxidative coupling of

H,0,- with 4-aminoantipyrine and phenol to
7A) & Ca**, (Fig. 7B) #{&TF &7z, Ca* O 272 WIEL Sramlnoantpyrine and p

vield a quinoneimine dye, respectively. Each
AL steady-state Ca®t load DA T & - TR point represents the mean = S. E. forn = 6
SNBLOTHHH, BRI Ca™ M F v determinations.

AV R ALOREICT v 79 55O ryanodine (500 uM 1055 BALE) W TFHIE & 7172, ryanodine H & (X
Ca* K> 7 ATPase WGTEICE 2 523 (Fig. 7D), £72, 7V —J VAT X o THEAIL 72 Ca® leak
K/ L THMORIREZRE o7z (Fig 7C) o 2 DEEBERIZHAM CaM 2RI L 7284, ryano-
dine FTEPELU S N7z, NS OEREZZERB TN, CaM & ryanodine /K (Ca* i F v 2 v) &
PHEC Ca” B F v A VOROZHHI L TB Y, ZoflEEEr 7)) -7 VA VI RET 5 L EET
L ENTRETH B, S5, TOMEREEHRE L, 70— V7 VOREIZNEY CaM OkFETE
EIHET 5D (Fig 7A, 7B), 72& Z EGTA-SR # W /- & LTh, #HHEMIC CaM AR ST 585
HICIEHBRLTROLN, 720 SRO CaM i 7 ) =S VAV EDRIETELLET T30 TH-
72 (Fig. 7TE)o SO X9 %7 ) =T VA NIZL o THER SN DRFIET T SOD THIfE 521772 (Fig.
7)o

7 = VN ORERYA CaM-Ca* i F v ANV UL CH L ReE 2 RE T 5 2 LS TE 70,
Ca®* il F v A WIEEIC G257 ) =9 VW VOEBRNEELER L, TOHEED Fig 8 THbH, 7
V= VA NVIEHE—F v AVERILFERE L THRONEF v 2AVHEEL NS &/ (Fig. 8A), CaM % i
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Figure 7:

Vi—2 AR - 70— 7 VA oL kR AR

SR, [ll: EGTA-SR

] ] Steady-state l

[ Intravesicular free Ca B

.5120 _l Ca, M'g-ATPas)e ! : D |

X X+X0 CaM Ryn X+XO0 X+XO X+XO
+CaM +Ryn +SOD

Effect of oxygen free radicals from the xanthine (X; 25 p#M)-xanthine oxidase (XO; 0.09 U/ml) reaction
on SR Ca®" flux behavior (steady-state Ca*" uptake, A; intravesicular free Ca®", B; passive Ca®' per-
meability, C; and Ca*"-ATPase activity, D) and endogenous CaM activity (E), and effects of ryancdine
(Ryn) and exogenously added CaM. The time sequence of addition was designed to ensure exposure of
SR to oxygen free radicals for 1 min and SOD (10 pg/mg) for 0.5 min before initiation of the reaction.
CaM (4.0 pg/ml) was added before the addition of SR. Ryanodine at 500 M was preincubated with SR
for 10 min before the oxygen free radical exposure. All values are means (n = 4~8) + S. E. *Signifi-
cantly (P<0.01) different from X; ¥significantly (P<0.01) different from none control; "significantly (P
< 0.01) different from X + XO: "significantly (P < 0.01) different from CaM: significantly (P <0.01)
different from corresponing value for intact SR. ND indicates the CaM activity which was essentially

Zero.
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MY B & F v FVFEERIE S B, 7) =5

ANE CaM & DEFE T TIHIEITHE L REED wﬁ?&wﬁw~wmn

Fx A VEOE®Z R L7 (Fig 8B), — /.

e closed
ryanodine (500uM, 104 FLE) 12X > TF ¥ &
WHSHORERIC O v 7 SNBEIE, 79—-5Y <
HNOMBENHE LN %D (Fig 8C),
- @
(3) = = -—

FHERICER LT, #REEAYIC b BRUIREATIC D & C ”“.J bk . sl ‘I b o
et Lol .. .

Ex B 2TV HRE - IRE—R 0T > AR L b

S ¥ b S 2
D1I2HSRTHAEY, SRITHKFKMLFEEED 2D &AfA
OEFSTIaH, COMEIITEREFERNZ L THRER
. . . - o Figure 8: Effect of xanthine (X; 25 uM)-xanthine ox-
KRBl L, TrrvE@Ed s Cat Bl 0% idase (XO; 0.09 U/ml) reaction (A) on
PSRRI T Ca? B ¥ 7 ATPase DO ITA 7, single-channel recordings of Ca*’-release
. channels incorporated into phospholipid
> A SR 2+ e Bl .
L7245 T, #ORAE SR O Ca™* I AR O e 1 bilayers, and effects of CaM (4.0 pg/ml)
Ca® overload |ZEFE T 5 B CHEREV, (B) and ryanodine (500 uM) (C). Repre-
. S e EaL N S 2y sentative recordings of the activity of
Fig. 7 L 8 IURLARBERRD G, 7Y -7 Y% Ca’-release  chamnels in 250 mM
WITEERAIZ SR @ Ca?t F v AV F@iET 5 Ca** HEPES/125 mM TRIS with 10 uM free
2+ . :
Bl d e X, = O CaM I O AEE Ca®**, pH 7.4 c¢is and 250 mM glutamic
acid/10 mM HEPES with 67 mM free
B2V Y7 LT IS 5 2 &7 Ta Ca®*, pH 7.4 trans. Upward deflections in-
) %3’2?#?‘ 2 %,%ﬁéi‘ﬁﬁm&i\ ( 1 ) santhine- dicate channel openings. Recordings, ex-

cept control studies in each experiment,

xanthine oxidase U7 SR O Ca™ K ¥ 7" ATPase were made 1 min after addition of X+ XO
EEICEALZRITT L2 LIZ Ca?t 2l 347 (cis) with the cis chamber voltage-champed
- . . ) . at 0 mV relative to ground. CaM or ryano-
Z &, (2) xanthine-xanthine oxidase SUJG7%* SR O dine was added to cis chamber 1 or 10
CaM EHE AT &4 722 &, (3)xanthine-xanth- min before the addition of X+ XO, respec-
ine oxidase UL DRI FE (L SR A% CaM {HHE = REF L tively.

TWAEHZDOABIEHEN, —J, EGTR-SR # W& Tk, MR CaM 2235 L BHHL TR
HoHNEZ L, (4)Ca* BT v A VOHE—EREHE, S, WEKE CaM HEHEZRFFT 5 SROF v AV
1513 xanthine-xanthine oxidase G IZ £ » THWII L., & 52/ EMEIZ CaM 2RI L € CaM &M% 4
f L 72 B 1213 xanthine-xanthine oxidase BUCDRIRHHN E b Z &, (5) ryanodine TF ¥ 2V % A
JREBIZ T v 79 % &, xanthine-xanthine oxidase DRJRE AL I LN TELRL( BT L, BRETH S,
Ca* [ F % 2 VDT I/ B—REEF|T, CaM MENEH % b DB &% 8L IR M OFELIH S
NTBEH, CaM IEZ OHFSTF ¥ AUEEEZHE L TV B EZ2 6 TWwaY, LT, 7U—7
IHNOER R Cat T v A VEIRIRICRD 5 2 L DR SR Z ZICRWBT I EATES, LAL,
TR THERDP S DA TIE, CaM ® Ca** Il F ¥ A VHIEAHRASL 7Y -7 U Vv E OB O#EE (B
12 CaM OARIEHALIC L B2 DH, B B\ id Cat HAF MY v BRALBUCEFE L BHEICER L T b o) %
FHHCHAT A LIRTER Y,

SR EIZiE, Ca** IREQMLICHE - 72 Ca®t MDA L T 5 Y, Fig. 7CIIRT & 912 Ca® &
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Vi—2 JEMEEE - 79— 7 VoL E RS

WD 1 RREEB K/ vid, 7= VANV ERIE L THEIT A, Ca?t LI EIZ/ST LIVICERIT 5
EWEBR ST (Fig. 7B, 7C). L7228 T, Ca?t @M d A7 < & b BE - IUHEEB 15005 Ca* i D
BETELWEBRTLZRETH D,

M. &EDEZTOREDOHFLVER

WHHEEE - 70— VA o b o LHlEZEDORERIC OV T, A DIIRED 7 — 5 & Pl %
HOTETz, T TORLERERIT, 0,7 B2 VIEINEMAN L TEESNDE T VA NVEELN SR DT v
PVEEBT S Ca? MM ARSI EABMBIORLTWA & &b, Ca? i RIcHET < Ca?*
overload PSR ABIRIETRICY v 7450 L XV TOBHEINEREZE T L2 FEFEL W
b,

INRFTO—EOHIE, S, EHEMBE - 7 — T Y AIVOERND CaM 12 & A Ca? it F v 2OV
RTHHEHETELD, FHlE AN = X LBHITIEE > Ty, ik, Ca T ¥ 2V icxdd 5
0.~ DYEH A #H = X 112, ryanodine AL (Ca?™ i F v 2 V) OWREMET T =R » cyclic ADP-ribose
(cADPR) 7’5 5 W heME % W ili L7z (GR%E58) . cADPR 13 B-NAD* Z#E & L T ADP-ribosyl cyc-
lase 12 X > THEAEEN S, SRAD Ca?t EIFHMAI & @ Ca?t R F{EME Ca* Bt F v 2 VIERICIKE L
TP T 20T, FHNE D Ca® T F v AV HHEB) L 2 VR T T Ca®* 2 84 L 72 SR DPIE free
Ca®* & (Ca*") mE T, ZoRAITEENIC Ca® LT v A VEEE T A2 LI12h 5,
B-NAD* 1% Ca?* IZE % RIT & & d - 7225, cADPR E CaM ¥ IC Ca? 2 & 872, $ 72 cADPR
DA H L xanthine-xanthine oxidase U 12 & » T % 5 1), D cADPR 7 v ¥ I=A N Tdh 5 8-
amino-cADPR TRHIET A Z EDWEETH o720 L72A5> T, Fig 9 IR T £ 9 (PR Ca2* B F + 4
VT TZA b cADPR, WM Ca® it v A VIHIWE CaM., = L TIEMWMRE - 70— 7 V7 VA
DOHEHEDS Ca?* overload ~DEIXEEZ DI T EIIRD ), INHDHEEIX, 0,7 @ SR Ca?t T F v 2 v
AT ARRICHFRES SRR T L b, EEERE - 7Y — T VW vk B D EENER
FELTREDSITAZEDEREERETLZLIZORIDOTH D,

X ®
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Figure 9: Modulation of the gating of the ryanodine receptor-channel complex by calmodulin (CaM) and cyclic
ADP-ribose (cADPR), and effect of oxygen free radicals on the processes linked to Ca?* overload.
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Photodamage induced by reactive oxgen species

Kumi Arakane
KOSE Corporation, Research Laboratory
1-18-4 Azusawa, Itabashi-ku, Tokyo, 174 Japan

Abstract

Reactive oxygen species generated by ultraviolet irradiation has a possibility to induce the skin
photodamage such as lipid peroxidation, sunburn reaction, phototoxicity, and photo-allergy. Singlet
oxygen, which is one of reactive oxygen species, plays an important role in biological and chemical
processes, and may induce some damage to biological function of skin. We examined the skin dam-
age by photodynamic process mainly involving singlet oxygen. Firstly, singlet oxygen generation
from laser-excited porphyrin from cutaneous Propionibacterium acnes was measured directly by us-
ing a sensitive near-infrared emission spectrometer to monitor the O:(*4g) — 0,(*22g™) transition
at 1268 nm. A comparison of the singlet oxygen production of coproporphyrin under ultraviolet
light A irradiation with those of protoporphyrin, hematoporphyrin, riboflavin, eosin, rose bengal
and 8-methoxypsoralen, revealed coproporphyrin to produce singlet oxygen considerably higher.
We also examined the peroxidation of squalene, which is a molecule highly susceptible to oxida-
tion, with coproporphyrin under ultraviolet irradiation. Only in the presence of coproporphyrin,
squalene was rapidly peroxidized by ultraviolet irradiation depending on the concentration of cop-
roporphyrin, suggesting that the peroxidation of squalene was efficiently occured by singlet ox-
ygen generated by ultraviolet irradiation. The cross-linking of collagen related to the photodyna-
mic skin aging was also induced by singlet oxygen. This cross-linking was not inhibited by super-

oxide dismutase or mannitol and was dependent on histidine residues photo-oxidized by singlet ox-

ygen.
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Fig. 1 Detection of Singlet Oxygen Emisson at 1268 nm
Singlet oxygen was generated by photosensitized reaction and a near-infrared emission spectrum was obtained cor-

responding to the 0,(!4g) — 0,32 g™) transition.

Fig. 2 Observation of Fluorescence of P.acnes Porphyrin on the Skin Surface by Wood’s Ultraviolet Light

JEDOFEHAHE TH A Propionibacterium acnes (P.acnes) &, WERMEE CIRIREOHFIERL, ICE U034
FELHGLTwaEEDIL, RPFEWE L CaTuaR L T74 ) v 7O bRV T A Y ORVT 1) V8
REEEEICHHE T 22RO NT WS, TROEDENVT 1) VIFERIEOGWE L b2, RERE~NE
B 505, ERIEE NERICEE T CRIMES > 72 BT 2 E RV 7 1 ) VHROIESBIES L,
ZOHFIENMERTE S (Fig 2),

FefE A HERILL 72 Pacnes 557 L CHBEW & L CHE SRRV 7 4 ) v Ofhit, Sz iro7c L
ZA, WIXA 2 P V@ Amax H%400 nm T Y, 500~600 nm (2R )V 7 4V S 2 RINYE — 7 % 4
T2, RABRERCHELZEZOHMARZ MBI TRV TA) v OENRE—BHTHI LD
S, BoNTRN T4 ) VOFREETHITARVT ) THDLIENbh o7z (Fig 3).

Z D P.acnes HED RN T 4 ) ¥ QR FRETOHEINNL, Pacnes DT HIRFER 7 7 # BE I3 HHUE
WE: G- O R % BT 2 IFHEEN 2 T & L CIEZFEAHEBCH A S Tw7zds, [EHERE OFAR
ELTRINFTRZON TV AN o728 THE, LIL, 2OITURVT A1) ViEHE —BHRER
FEARERE L L, COBRICENBOL - —HalBat Lo A, —EHEBEHRD1268 nm (281}
IR & (Fig. 4). FOFRKREIZI TUELT 4 ) v OEEIKEL Tz (Fig 5)o
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Fig. 3 UV Spectrum and Fluorescence Emission Spectrum from P.acnes Porphyrin
P.acnes from the skin surface was cultured under the anaerobic condition and porphyrin produced by P.acnes was
extracted by acetone.
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Fig. 4 Near-Infrared Singlet Oxygen Emission Spec- solution (5-30 uM) excited by Ar laser light at UV-A re-
trum in P.acnes Porphyrin Aceton Solution gion with 100 mW output power was monitored by
Excited by Ar Laser Light at UV-A region measuring the emission intensity at 1268 nm.

with 40 mW Output Power
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ARBET2L0THY) . NFC—BHBE L HP: hematoporphyrin, RF: riboflavin, Eo: eosin,
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The emission intensity at 1268 nm was measured in the
chloroform/methanol solution of a photosensitizer at the con-

Fig. 6 Comparison of Emission Intensities of Singlet

V. —SIERFICLIEREEDBREL centration of 10 uM, excited by Ar laser light at UV-A re-
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Fig. 7 Determination of Rate Constant of the Reactoin of Singlet Oxygen with Squalene

Singlet Oxygen generation in coproporphyrin (100 uM) chloroform/methanol solution was
monitored with or without squalene (0-97 ¢M) by measuring the emission at 1268 nm, ex-
cited by Ar laser light at UV-A region with 40 mW output power. The Sterm-Volmer prot for
the ratio of the emission intensity with(I) or without(ls) squalene is Io/I=1+KqzCq.
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Fig. 8 Peroxidation of Squalene by Singlet Oxygen
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Fig. 9 Cross-linking of Collagen by Hematoporphyrin-photosensitized Singlet Oxygen
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Fig. 10 Effect of Various Quenchers for Active Oxygen Species on Cross-Linking
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Nitric Oxide (NO) Chemistry: Synthesis of NO-releasing Compounds

Naoki Miyata, Masayuki Tanno and Shoko Sueyoshi
Division of Organic Chemistry, National Institute of Health Sciences

Kamiyoga, Setagaya-ku, Tokyo 158 Japan

Abstract

To develop a nitric oxide (NO)-releasing compound that is useful for the chemical and biochemic-
al research of the action of NO, we synthesized a series of N-nitrosoureas and N-nitrosamides
which liberates NO by their self-decomposition. The evidence for NO generation from these
N-nitroso compounds comes from the formation of a nitrosyl metal complex. A comparison of the
NO-releasing ability of these N-nitroso compounds by using the Griess-Salzmann method showed
that the aromatic N-nitroso compounds are good candidates for an NO-donor.

We also synthesized several N-hydroxyamidino compounds which are analogs of N“-hydroxy-
L-arginine (NOHA, a key intermediate in the biosynthesis of NO from L-arginine). The generation of
NO from these N-hydroxyamidino compounds by chemical oxidation was 1-3 fold higher com-

pared with that from NOHA.
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Clinical Application of Nitric Oxide

Yasunobu Hirata
The Second Department of Internal Medicine, University of Tokyo

7-3-1, Hongo, Bunkyo-ku, Tokyo 113, Japan

Nitric oxide can be clinically applied as therapeutic and diagnostic tools. 1) Therapeutic application: This
application has a long history because nitrates such as nitroglycerin have been successfully administered to
patients with heart diseases. Recently NO inhalation therapy has started for treatments of pulmonary
hypertension and adult respiratory distress syndrome, both of which prognosis is very poor. Inhaled NO at
less than 40 ppm markedly dilates only pulmonary vasculature without effects on systemic circulation be-
cause circulating NO is rapidly inactivated by hemoglobin. Furthermore, inhaled NO dilates only pulmonary
vessels that supply ventilatory alveoli, reéulting in a marked increase in arterial oxygen concentration. 2)
Diagnostic application: It is difficult to detect vasospastic angina by ordinary coronary angiography.
Endothelium-dependent vasodilation of the coronary artery is examined to diagnose this type of coronary
artery disease. Acetylcholine usually dilates the normal coronary artery, while it constricts the impaired
artery. It is very difficult to measure in vivo NO activity at the present time. However, NO in the exhaled
air can be determined by an ozone-chemiluminescence analyzer. Exhaled NO is significantly increased in pa-
tients with bronchial asthma and those with liver cirrhosis, although its origin remains undetermined. Since
NO plays an important pathophysiological role, precise detection of NO and regional delivery of NO may be

useful for the diagnosis and treatment of various diseases, respectively.

LI
—MRIbER (NO) (3H7), PREHSRIMEER L L CRER SN, Z20%OMEOERICL YK
ALT3TDNO FHEER (NOS) DHEESNENOIMTL L TR LHMTRELEHEEEL, 0

WK IR
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RN TORENIIFFICEH TH LI ENFHLNE o TE 1, BRENZIBICES T LN THT,
Wb AL, NADPH, FMN, Ca** - VEV 2 ) VAT 2 A L, 2RZNH50% D KRED Y — %R
o ZOH B, MEFEE (I) NOS BLUWERE (1) NOS ITMERKA) constitutive T 1) NO FEEAITHIA
HN Ty NBEED FAFERYLRAERE L 2o TWb, —F., FER inducible () NOSIEH A b7
A VEORIBEICL > THESNNO R EET D, 2o OBREIFIE, HRNTNOSBIZFD /) v 7
7 bR AP SWTET SN, 20X 5 BT PIs A & IR R o T FERC
By P F a7 2P D AEORRE T 2REEIE T > Tniz?, &5 CHERTIE
- NEAREH I EILR DMK & E EFBo 5,

INLDZ LX) NO BREEHWICEERRE LR/ L TCnb eEX LN, BRENOLH I
DESTWRV, ZORELREHE L TNODHEOHES LEHO ZEEE 23 5, MEHED NO IZ
MR, M/NMUEEIIS, A —/S—FF 2 FOEELR EIC L - THRBE#ENICS, —J, FER NOS
HERDEREDONO B 7Y =V ANE LTHEFRZOMEMEAZLICIVMEE LTOEHT D
T, TOFEBERIIMES, MEL LI o TREERDEEZOND, TNORHELIFELZV
BT, BRT ARYE CTEEATORFIIBIHLUATH 2, > TNO ZEEHEL LI &) HAaDs
HHLDODFERELET, MEPIRERRZHEIET S LI12X - T NO OEIRE 2 R T 5 FiE MR =
NTWBEODPBIRTH A9,

NO DERIRIGH & UCRREIZ BT 2 BITHVICH L RBRIVCB O REMED S 5, Lo FEE S D70
12 NO DERIRICH I L DR IS DWW 7iE D L DT A 505, AHBOIEL A THIREZA L7z v,

1. BENCH

1. NO EBEER OFFE

BECCHEREREE, = b7y Ry =S EPEBRIRICEASh, MELEREE L COFHEIHEIrO 5
NTW5B, THEOEFNIEIFRE TR S 2O THRAE, ) o MMEOAE, BIEREER EIE
Hansd, &, MHTH NO ZBEHET 2 HAMHRE S NS LIMVMUREIHIZE L L CofigbHifTs
o 72 cGMP OHENI% AT 5 NO OMBLHEFE - FEAIIHIER & OILERICFIHTE 220 b Mz v,
2. FEAINO AR AER

FERNO AR FEBT 5 L HIREO NO DS MEFEHMICER L, MESMET 5, =2 Fh
FUUYav s RFEEICBVTRABZEOFEICL ) LIZLISEEDOMAEIIENE L, e DFEEIC
Ao EIE %R, 2 O, L-nitroarginine methyl eater? R A F L Vv TV —"PHFEICFHETH5H Z
EARENTVEY, EHHFEGTEP R o TRILICHAEZR S 50 b iz v, 4%, FER NO &K
BRIFENZEEEORENIEI NG,

3. NO # AW A

NO DT 7 IS - S TR AR A VR B L C BT T o) B A NRUR S S SR B S RS ILE” 12 NO
T ADWIFEDNRA SN TS, FIUTL B E 5 ~80ppm O NO H A 3 EERAEM M AE % 1B & ¢
FEIIREDET & & b ICBIRMEERRE * LA ¥, ZO—REREZ ) IHEEOFHIIHBA Sz
NO 2B E N ICRINEN B &, AEZTE Y EHRLPICHEA L. MEHILE NS O THOMER
NDEPIZEAL TN L TH DL, FRUEEDRBIIMNEONRZHNS Z L Th B HPHEHRES 7T
AZHA 7Y RETCTHICHNELLESCLIBECTEEFFERALEANMER EMETFTLTLEY, F0
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OEMEEHREG LIZ v, BITIC NO BABREDER LIRS, #800ppm (% L 72 NO 77 X L BRFE
20% - BEOB LV B ANTESE TV Y =%V TRAT A, ZONORESF Vv - (LFHIEE
BT NO AR & » CHEBICE=F —T 5, CNET VLU F— WA A7 ORICNET 5 =G
BX OEBIRY 7T NOSHHIEE TEL, IRUZEANF 2 — 2K DPERT 5. NO 1EV =551 4
WWEVBETAI LN TEL, H1IIRAHNEHED WEIRE omo) B B4 (dynes -sec-cm-5-m2)
A EDBEIZ NO H A D40ppm % x5 L 72D

I
ABREOEATH 5. WE, BHBMELSE & I ] i
B S IBIRE & B L0 5 % T Nt o A0 T Rl sl
X7, MEME% NO ERBREIERT S8 Ty Y

WAEREE 2 e 59 % &, LA EOWEN. FEIRE
]\E (E‘L‘E‘E%ﬁaﬂﬁ‘éo E,C‘\Z’:é\& < G:Hfﬁ)) - baseline 10 20 40 recovery baseline 10 20 40 recovery

B . NO(ppm) NO(ppm)

MOFHEE 72 %) OKT & IIHBIIREIZ 2D T2
I S . Figure 1. NO inhalation therapy in patients with
CHUES FFICET S €72, & HICHMBIELR & congesrtive heart failure. Inhalation of NO
EIRPIRS LA 1 mE » — R ICIR S 2 A gas resulted in rapid decreases in pulmon-
~ ) ary areterial pressure and pulmonary
R L WA ST NO EENE L 7B T D 24, vasular resistanec without any effests on
Bl s A2 B L T A RO 1L 0 AR & systemic hemodynamics including blood

oressure.

&5 O THRE, ML AYE SN D, FEORBES
ELTRETZEOFERICERT ALEI D L, A, NORZERTOBRELIGL, NO.~ &Y, 72
AMANEZOVEVMIEDHEL S, LA L4Oppm FEE D NO A D A TIid NO,” iR T IREAME D
0.06ppm IZIXE LRV, FHAIANEZOUE VD 1 %LRICEET), EET RV, WTRIZE X —K
FRE CTFRUZ v ) FUCIZBER TR WA T, HERZ SO OEBESLETH 5, 72 NO T ARAI
Ly HIERAHEE L2 W) HEDLHLH, FLATEEBRL Tulwnl, olEdIZE A LEY, MR
12 NO W IE5R T 720 M/ IMEESEIIRIER 25 2 725, JeiB ORRIZIME IR ICFE L 72 NO e IcAEIE S
HOTEDFEMEII L VEEZ 5N D, Db L) REEIFRAEO BEF IEERDESFSH 5 2 & il

RICOAFENTHHZ &, EHITHMRMMEATESNS Z Lo b EEMSMEIS L TicgEns:
J?&WIM wEb H b THRRICHSEFEENS,

IoI. ke

1. WBEARFEE ML IR RO

BRI T 2T v a) ¥ EOWNERFENERE LIRS LT, ZOBROMEIIROEEIZ L ) AL
76D NO SFUBE R FHIE T 50 COFEICLYE O, BIZEIRFELIEDOBEE I BT 5 PEHERRARHE &
N7z, ZORE, BB E BV CREBESIEY, ZXMSIE, SEE, FESTT 2T ray
N L BB ATRIT L Tz, IRV WEFKFENELRECH 2= rn TV v §
V= FTIHREFERE L EN Loz, TOND—ETIE L-arginine DEMEHR G L) 7€F V) »
3 B R RUEASEE L7z SRR CIERBEEREIC L 2 ZORICOEESL T L R o Twnin,
FOONERENSIMEIC L2 ZRWELTIEREVEDEZ S HBH, BimdL v,
?@mm«®7k%w:uy@&kf%%mrrééwiw&mmﬁbr%ﬂﬁﬁwm&#%mm%ﬁ
Ronsd, ZOFEEEMPLVEORBICERTH 5, Bl L, #EOFEMNE IEEIREEITRICE

205



WTHBERRVESIRESROON S, LaL, FAEOMEZ R LA SER TIIHS haiez o
RO ERLIELERSREING, 2 LT Fra) v ERTERMICEAT S &, FEEEIRK
TIRIMEIIRYE L 54%, BIESRE TR D LAEERIGIGET 2, SEHBEOLECEZ7EFva) v 0
TER A EMENE 2 5 O NO BEHEC X 5 MEIIRIER & 0 088 5B o0 DU 15 ATRITTE L2 H 7o 5
EEZOND, NEGLBHUHARNIZWEEZZ b, FEMPLCEICER SN 5 GRS clfmEE
POULAFHEENLDT, TORMEELBHIIEETHSL, LELAEELTEF VI U EIEILDETEN
FEARAF PRI B L AREE 13 NO LA Bl 2 (X Bz f sk o3 i (R -7 & 0 i IR T & PGH, 0 JUHER T b [F i
WCHEEEL, NO PV OEHEZ ML TV ARTIIIENZ L ICEHETALEDND B,

2. NOx

NO EBROFAT TEERPICHEEEE S+~ (NO,7) 12, & ST OFEET THERA 4+ > (NOs)
ICETRIEE NS, TNHEHIRL T NOx &IEE, M OmE % HlE LT NO OFEARE L HET 5
FETHb, NOx Z 7)) —AEREDT T Hy T 72X ) WMEECHETE S, L LARER
HBRA 4 2B T 52O TIEZIEILDO L LTRFEOEWY » 7 VN NO IZEEEA A+ » 10 F TR L &
NTVE7ZORBEEMEPOFETETLERIEL S 2V, ZHIZIEH FI T 20flBERHkED) 52 5 —F
VA, FOREREIZRN0. lumol/L TH 5, IEFMIFIZIZH 5 ~20umol/L EENTVWLDTE DR
EERZHE2DEESTHL, MFTIEZD0%ILMEESF > & LTHET S, /204 NOx DHRIE
R LR EI50%TOLEZ SN TWEY, MENEET MBS 4 v DIHCEREOEE S ST
iz 1Een ) S I3 KEOMEBENEA S, HILEL LWL ) IMPBEN LRSS, —FH, Th
AEATERICL VEILSNANOICEESN, BENICIEERED NOPREE LTHETSY, Lol
AR 12050 % F8 4 UL NOx 990% 1$ NO-arginine FEFEIZHRT 5 L& 2 TRWY,

TEERIR IR A = — RN —RR 1A L IR EREE o0 240 4 el C— By 2 3 NATE 22 81
BAHECICIORMEET Y, #I2 NOAHHEEDTHEG I L > TIMEFOZEITESLICEL LD OD
M A O T ISR 2SS h 5, MO NOIIANEF T v LGS LIRS 20 EARMIIZBE
ORI N AY, B CIIRERETEB S NH, AV L R TERINE ST %, $E- TIHLH NOx
REIX NO OREAEDAMIBEREOEE 217 5, FR¥WICHEE S 1172 NOx 12l NOx & Bl HIRD NO %
K2, L LRBEAIEDO TR IRFRICEEY B 2, B0 MICIRFEEHEOMEIC L IR
B E 5D OIXEATHS I,

3. ¢GMP

NOWRHHEMETS 7 =L — b7 7—¥xEEL L T, cGMP 28IN& ¥ 5, LAS>oTNODEN ¥ F
AwtyVx—TH5 cGMP DIMHFEE D NO EEDIFIE L 7 D155 2521 cGMP X5 b 1) 7 47
RARTFFOEETIZH), INODPEILL ThR0hH 5 VIETEPEOFAICEIWGEICDAESR
fHFasHsk L 9,

4. B

TN AFXF—SRHAEBWIIARN T4 VETI—T 4 V735 L2 L) B NO IZEEE % vol-
tanmetric assay # F%E L 720 ZOFEIEMEEE LERTH 5 VWIEREP TOIRH SN TE 72, S
ELICHEIRNICRL T 4 ) YEBEFAL CTEDOEmDS 3-5mm BN OHEIL T EF VT »
BIUT7I VX =V RFEALTNOBRE L ERIICHE LY, ZOBMONEREL S5 nmol/L THjZE
I HEREMIC NOBER2 FE&E, X7 EF Va1 > D125amol / min D7EA TIZIMLH NO 8
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JE12250nmol /L 123 L7z, & @ NO EEOHENNIZ200nmol/min @ L-N°monomethyl arginine (L-NMMA) @
B X YA L. 400nmol/min @ L-arginine DM L D FIEIIL 72, HE-> T2 OEMOPEL TV 5

BRI C OMZEDTTRED T 7 b BRIV
5. IF&H NO E ol

SR ORI SAETES MU AESE O G NO H AOWAFEASEA SN T, FR2FHESTE S Tn
Bo ZOBIZHRGEA A ARONOBEDT = —HWEE R L, KM O NOEF v & v (bs5s
o7 SN X BMBESHEL L Twb, L2b 20RBEIEE ppb 225 WETE 5D THE L £10~30pph D
3 OIFE R NO JREE I IIE T BEF NI S 50 ISP NO DSEEN TV B D EMIIHRE L7203
Gustafsson 5D TN —TTho72, HIEFFRB LT POIFRPFIZNOPHFAL, LPLFRIC
L-NMMA % #E9 5 & NOBEMET L. L-arginine ODFHFEIC L > TT AT MT 5 2 & A L 72",
v N Th 1mg D L-NMMA OB AL & Y IERF NOREAWA T A, /o= b)) »2fHET 5
EIEH NOWREEIZE Lz, L L= ba s ) b)Y OfIRAES LT 5 & 6 REMERICIE 2 DREE
HIERIT L TL B, 2O, = baZ )& XX AR NOBEOHIMDIET LT & TAREICX A
OB~ —b2B7,

T4 b AR ICIEER A NO IR EE OWIE % il 7z

B, NO MREERIFURARIC £ » TH L SRy @i

HIrlilEOw, MIbR Lo L CEgl s -g ”ﬁ

F AT IS, IR O A e D 4003

B2 B, G THBIABRAREOMELT o 0] .

NO I £ OB S NOBHRE S RO 2D S ] P \

EfE B2 bt 73 THRIREICEEY - g § ¥/// [ \4
BFE0%DOATERERAL T LV, Bar 2 977 I
LSS & BRI S NO Phiti ks % o] '
K7z, B2 2 OFETREEOHERHE T )L Rest 100W E:'r(dse Recovery
A=y =2 & B &GO NO PR R & WE L * P<0.05 vs. Rest

TAERTH D, EBIIZIEER A NO HEHE R Figur 2. Exhaled nitric oxide output before, during and
A AR DRI L 72, SEB R R R S alter exercise in heaithy subjects (Ref. 13).

B, LD F FEIWEIREEIC L CTH NO FEAITIEIL L 2o T, EBZ X 5 NO HElE oI I g s
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DI E N AR PEIMAE YRR SUG %2 NOS mRNA 2SHEII L T 5 Z &R ENT W5, HER L 1 BRI
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T HHHNGR

BB X BIEE P NO IREOEADORMOME TR E X MEII BT 5 LA LZRT LD TH -7z, Khar-
itonov 58 L U Persson 5V FNFNHY. L CTRELMBBEEZEONZF NOBED LA R L7,
OB, HEBEOMETRATOA FRAFRELZ T T BETIIREEONFIRE L EW o722 k
L) ZDNO DHMILINOS & % 7z, BE, WMEEROREL ERMIZIC INOS 233 L Twb 2 &
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Figre 3. Exhaled nitric oxide output in patients with WE NI, SRR S A SH0e T TR
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Iron Dithiocarbamate Complexes as an NO Trapping Reagent
Tetsuhiko Yoshimura
Division of Bioinorganic Chemistry, Institute for Life Support Technology,
Yamagata Technopolis Foundation, 2-2-1, Matsuei, Yamagata 990, Japan
Abstract

Many paramagnetic species in biological systems can be detected, quantified, and characterized
by electron paramagnetic resonance (EPR) or electron spin resonance (ESR) spectroscopy. The en-
dogenous nitric oxide (NO) radical produced in vivo has a short half-life and is present at low con-
centration, which do not permit their direct detection because of the limitations of EPR instru-
mentation currently available. As one of the methods to overcome these difficulties, spin trapping
technique has been used to determine~ unstable NO radicals. Iron complexes with dithiocarbamate
derivatives are noted among the spin-trapping reagents for NO because NO has a high affinity for
the iron complexes and resultant nitrosyl iron complexes exhibit intense EPR signal. This article
reviews current information of the detection and quantification of endogenous NO employing an
iron dithiocarbamates as an NO trapping reagent. Examples are presented from our work that
illustrated the i vivo EPR imaging of NO in the head and abdomen of living small animals using

the iron dithiocarbamatest

I. 3C®»IC

—MRibEFRE NO) . DFHNIEATEF L 1AF-TBY, AFN L0607 ) =5V AV TH 5,
KREHEFPWEL LTSN TV EERILY (NOx) O—>Th5 NO &, & hOREEHEL S TH% L
RonT&iY, LaL, 1987FICHE - KO =00 7 ) — 712X - T [NO (LS PRz Sk athkg R 7
Thsb| EREINTLR, NOOEBEHIKE BFEELE 2o T 5B, ORI IFZFEA R &

B ITER 7 2/ K Y AME] - 7 2 5 VEEFERT
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., NO EMFLEOMEANEMIE, e, ~ 2077 — VSR CHFER (constitutive) F 721
FER! (inducible) @ NO AHEEE (NOS) OB EIZL ) L-TAUFZ VR OEEENTVSE I LD
ME o7z, FNEND NOS IZ X > THEA SN2 NO IE, MEIEER CIIM/IMIEEDLE - MEDILE,
AR Tl RE, RERCTIEINE - VUEBESOEH 2 EENICE 2 IEBENICR > Tnab 2 Lt
HMENTWEY, EERNTEESNDNEMENO OLFEZ ABMIER % 5HE$ 5 7201213, Mg, .
wHEIZBITH NO DRELDMICHETLIMEAPSHERTH L, Lo L, invivo THEA SN2 NO DRI
DT (0.01-1pM) . FarbE\v: (MEAEMIBHEED NO O, 3 -5, HL, AFRNEE
BB KT AY) v FED, WEKO NO DS HEEL b DIC LTV A, AEEETICEE
N5 NO (F72i3ZORIERY) OO % BIE Lo imEris sh, BICEREICHEA S Tw 575,
(B, BIRRN., DREOBRSES] o0&t - TomERFESh iy, fto T, BikT
. IO R, AT - ERTEEM L T, OMONRIIE U E Y 2o EE BIRT 2 LB D BT,
FIETIE, VFFHNNA— NEEERE NO M T v THREL T 2B T ALY VIIBEE & v 5 EEND
NO DATEZMBNT %o HARAD NO HHTEDOH T, REIZHBEEINE . RIETOMEAF S D2
GIETH B, LT CIIBEMAA NO 2 IR TE 2 HH,, BT ALY Y EKBFEIZ L 5 NO OSHTEOTIK,
BLUVFF BN — FEFERIZ X B RO NO SHTEMF & 50k %,

OI. NOELEB1A>

NO &, S FAICIMEOEF 2 Fo> Twb, [EFERE  (K*K? (2s0")?(2s0")*(2pr®)* (2pa®)* (2pr*)']
POEHLDE LI, NORBATET 1HZ RGN r B ICHOARLEL 7 ) =TIV AN THbE, 1
LT, NO EFRRIC2ZIRFAFTH Y, BIRTTED CO, N 5 TFHNICMEDOET* b >EELRK
WS FThHb, NODELAF b NO—=NO*+e”) TR (9.26 eV) %, CO(14.01 eV), N;(15.58
eV), 0:(12.07 eV) LT AL, NOPEIBMILESNR T VI L HLENTH S, 72, NO DEITLENM
(Evp) 13, BRMEATEH (2NO+2H +2e—H.N:0;) Tid +0.71V, EEMEES (2NO+2e™—N,0,>)
TIE +0.18VTHY, NOREBLENRLTWIFTLH S, (NOT1ZCO,N; &, NO™ iF 0, LEEFIR
BEIlHB,) NOTIZ, REREOWELZ T T ba ke WEERT 5, EENIZIZSHEEDO R
PHAET 555, SHEFLEWE NOT L ORI L VAR T S S-= b a2V F 54— V2% in vivo TO NO D
reservoir DEF & L CIEH SN TWAEY, ZORRIZ, NODSH e EBEHZHERT 570121, NOD
AEBERHOATIEZ%R {, NO*, NO" BLUNO,” DIEH., #NoH00bikET S S-= ha v F4—)b, N-
ZhOFIVEOER, BICA—=FF T F (07) E07) =5 VNV EDOKIDERWIZbEEY L
DRITNE%R SR,

NO X, & A 4 Vs (BMEER) T§AZ LD TELN, MOBRMTOHEL R, ) BEEE % H
—MIZERT LI EDHLVEMNTTH L, HETHHTFOEBOREIZIE U T, BMLIREEZEZ L2 L
DHRETH Y, COND LI TEBITH L TERMISEA LY, 0,0 X ) BB L THAET A Z LI HEE
Thhb, T2, FHEBEFER > TVBLOIBENH D, HBRE L TEHELEBLOKBETTRE 25,
C DR NO OBEfLF & LT [EEEME] A5, NO (= ho i) EfFzE&Es8MEic L TwaHH
Thrb, = ba I VEBRSEOMEDOERILE (. WALBEOSEEOER ST TES A TWEY, = oY
VR L L OB OBLEEDTELHEBEE LT, RO SHEPBEITONE, (1) KEoxds, &
2B U T NOY, NO, NO™ &FEZEZ, @RI L TEHRAEaRRET L5, (2)NODVEBIHET S

212



WM—4 1) VFFHANNA—MEEEERIZEANOD T v T

O LFERHIZEDOANHBEFIIEEL L OB T OBTIEANLIERELT 272012, EREILOREC
L0 RO BFIRENLT 2, (3)RM= PV VEE T ) —DNO L I3ELLBEFIREEL 2572012,
FERMBUSIOS L TFEEILENDSGEPH Y, 20 L9 2= b o OVEHRITFRAMEE & L CRIHT#E T
H5, '

0, CO, NO EWINOEEA 4 V1T AFFENKREV 2 ET ST THDL, INHOAETSTOE Y
(e V) x4 28I, 0, DHAMEE 1 £ 92 &, (0,:CO:NO)=(1:180:243,000) & s
WA, 3G L TH AR BAEATREN T VWD, ZOXHIINOE, 0, BLUCO LE~X
T NLFREELOETEEREA 4 I L TRERFMELZFF > TWE 2 L8057, NO D EBIC
L CEOHBAMEZ RS Ens, EARNTERIN NO DEEICEEBA 4>, EREAYE - BESF
ETIUE, NOFEB L HESL L ICHEMEHL, e T5 2 e FllsN b, NO EEkEHE - BEE & O
HAEH . (U%%ﬁﬁ@méxm%&w@ﬁktﬂ%ﬁﬁmﬁﬁm%%ﬁé L2, NOHHLE%
BT EPHMOENTHEY, F7z, mﬁ@fd\mﬁw&%%\v7D77~7%?%$éhtNO@~
a5, NEZOE Y (Hb) &#AE L NOHb A L, BLAL NO 1 NO,~, NOs™ NEE b &N 5 Z & HUR
ENTHBEN, AEZOEVEDALEAENNODAAINY YV v —b LTHERELTWAIREED B S
TwaY,

BT - BT OBSEEE RN NO OffIfEERE & LTV A5IE, 2 2ITRLZ NO OSBRI

HEM - BBAEICESV TS,

M. EFIAEHIEEICLS NO DA
NOWB TV =SV NTHAEDTEFAY HIE (EPR, ESR) HETY 7V EBNTE 205, 54D
NO B & AT DBEIENO DY 7 F V2 BT 2 7201208, BlHAEN2RETHLENHY, 7+
VIR vy, L72A%5 T, EPR Z W THEMAEHN O NO % [EEE] Bl 3 59 0EdBHEN TR,
NEETHEBFMD 0,7, E FOF LT I, —
NOED 7Y —F I H )% EPR TH T 55k E L - ;
T, AEV by THRETHVE [AEV T v T S‘Hame
Wl e b Fig 1) AL Iy THIFEEIAR P ragf;;ﬁ;::i:m ggﬁmsgyem (ESR) | Cuantfcston
ERTIVANERIS L TEERT VANV EERL, H

Accumulat:on
EPR TOBMEHEBICTHHETHY, VW C ! C
Fe e (I)-NO

FECID U722 E B SN Tn 5,
1. NO hZ vy 7HE
Fig. 1 EPR Spin-Trapping Method, In Vitro
NODAEY Ty TRELLTIE, =ba=)b
= hua®s M (PTIO BMUEIILEY) FoHHE (
LA™ B L O NO ICEBAEOSEE RS HE SN TV D, BIEOAERES T b7 v 7HREOEEA~
DFEHABNI S D E Z AL, AL EHAN RO B L OHH F 7 v THEORFEAS WIS Tw
o REIX, TTIEMLERIHEHENTBY, AT OV YD L) RESFOEEEAR, VFFH 82—
N EFEAR T AT & T ARG T OSEERLSNO T v THRE LTHUW LR TV S
?ﬁﬁwww%ﬁmk>'Mw&ﬂmmitjjwwhzwm%ytuzy(amw”m\NotBUB?é&:
FEYILANEZTE Y (NOHD) AL, RIETHA D EPR ¥ 7 F IV E7RT, deoxyHb ¥ 721k COHb %,

~ ligand

EPR: Electron Paramagnetic Resonance)
ESR: Electron Spin Resonance
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RO EPR ZER L7220 . EFEAOETICHS LRI L TRIEI

fit3 2 2 12k - THEMAE

PID NO #8452 L A5CTE %, F 72, NOHb % &t 3EHT inositol hexaphosphate = 1z CTHIET 5 &,
BV IRESEB S, LY EBREOWENTEETH 5, 72721, deoxyHb (X NO;~ & & K LT NOHb

BHERT S &I,
NO, BLUO, &

0, EDFEE

I2&H NO DOSHFIZE
BRI LEWDOT, YVERENO oy THRETHL EHEILTWEY,

CE 2 Z b N T WA, —FF. COHb I,

~NE T O

EITERRNICAETANO Moy 7RETH D, M cik e L TEPR A2 bV ZHI%E L, NOHb

EORHZBHT S Z LI2X Y IEE

2. UFAFAINISA— NEEELR
VFFANNA—=F (PFF A NN VIR,
DTC) #FEf% (N, N-diethyldithio carbamate [DETC]
PRENEY, Fig. 2) 13, FL—PAELLT
SEA F v OBEMEEO SR BVWTEER
FEERZLTELRAETH S, 1991412 Vanin
513, DETC-#k#Efz Mo NOD 5 v 7
I L L THRE LAY, DTC-#REEEA L NO L DX
IR T B Fe(l) (DTC)(NO) BHERILE
WTHO, BRTIE3EBE (9= 2.04, A=
1.25mT) ® EPR ¥ 7 F V&, F/AKETH KL
B\ 7L (go=2.035, g1=2.02) %R (Fig
e TODEHZ, VFFH NN OFREEEKIT
NO FTy 7HREL LTOERLEEZ D> TV
bo 72721, DETC BKRBMEETH 505, Z0EkERE
B L U Fe(ID) (DETC),(NO) EAKBHEIZZ LD
T, $kIE & DETC B4 125 T A2 EXH 5,
F N LT, N-methyl-D-glucamine dithiocarba-
mate [MGD]® B X Y N-(dithiocarboxy) sarcosine
[DTCS]™ (Fig. 2) &, kEEKD NO $81K b 7kiEiE
TH5H (DTCS-gkEEARIZ, MGD-gREER L b b IKIE
DR . BREEBRPKBETHLILPE, 5

DRI 24T Z EDHRETH 2%,
T AR TEE L CHETALEND D . in vive DEIFEIZIL

L& L. #FH o NOHb % i
LTV,

a b

/S
Catls__Cas on /<
N N\ s
)\ - oH oH oH
s )

OH

N,N-Diethyldithiocarbamate N-Methyl-D-gl ine dithiocarb
{DETC or DDTC) (MGD)
¢ d
. o
Y i
/k.° I
s s” C\“‘ //4: é\\\ ll/[c

M-{Dithiocarboxy)sarcosine
(DTCS)

Fig. 2 (a, b, ¢) Derivatives of dithiocardamate (DTC)
and (d) the nitrosyl iron (II) complex.

g=2.035 2.02

g=2.04 aN=1 25 mT

Fig. 3 EPR spectra of Fe (DTCS)(NO) in aqueous
solution at X-band frequency; (a) at room
temperature and (b) at 77 k.

PUDAR L7888 T NO oy TREEL LTRGTAHIENTE S,
DETC-§85K % A ARSENCE M L 72BE, Vanin 5O 70— 710X D EEICHE CHE SR TV BT

UTICRENEZRBAT S, (1)EEMER
B (INOS) #FHE 72w

b, EEHFHEAY
B S N BEAERE
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1) REZHE (lopopolysaccharide, LPS) T#HER! NO Ak
7RI 7= VPLEEAINLINO"VB LTI VRV ETHEFEENO A
BB (eNOS) Z{EMEIL L - S EAE S LD NO T A sz, (2
FEREPIIC LPS #4545 Z L IC X D EA SN D NO DIRED,

VR - TR L v 2D
Fri. M. M. DR, EIE. BElE Tk

ThN7®, (3)FEELDOBLR: 7 v M ORAD NOREIX, 74 = YBRESIZLD
N A 2 LR SN, EEEIEL NO L OBE IR S /2, (4)NO DHE :



M—4 i) YFAHMNA— MIERICLZNOD T v 7

MN-TAFZ OB DI EN-T IV F = v vy 2HG L), IR 2L, 3ARRY 7 Fu
(MNQ) 252 & (5NO) 2L L7759 = OERIZ. NOBSTAF v HETH Lo L L. NOEE
BT NFZrDr 72y ) BRBRTHH 2 L 2 EHENIRL T 5,

Bk Sid, BEILE O NO BEARIIN & MM RO NO RE DR BZIL & BilE & 0%, DETC
Lo kT MG T A2 LISk DRE L. IRINFEO NO FEA IS BRI B SISV 7o ARG
ThY, FERIEO NO BEAEMAMOBE LML Twb 2 L 2R L2*Y,

Z OFRIZ, DETC-8kE5KIE, S B IclBH S M Twab A, [(1)DETC L#kiEx B4 1ok 5 L. #
OHGHICBEEEAL) LENF S Do (2)ER LISEHIKICIZ & A LB 20 2 L b RERORE I
WL TWVR, BRERETOMEIZ R 572012 in vivo TOWBEATRETH b, L WIRFELHF->Tw
%o

MGD B & U DTCS-$:4$5 KIS KEMETH 5 DT DETC-#$EAD IR # B2 SN ATEEME 2> T 5,
Lai 513, MGD-#k4EME% > T in vivo THEEDO NO F b5 v 725 Z L IZHII L7z, LPS 77 AIZ
5 LCNO AR %78 L, MGD-#KR % R TIEF 5 2 L 10 L D R T Fe() (MGD),(NO) @
7 F V& B L7 (EPR OHIEEMEIE 3.5 GHz-S-/N> F=THho572)"", F7o, LPSHEG YT AR
Hiz i & b Fe(ID) (MGD).(NO) D43#7 % 17w, MGD-#kEEfRix, NO & BRICER T 5 HWEET LD
ex vivo TOIRIRNY - FHAFTFMZ RIS T 2HETH B Z L 2R L72Y, Zweier Hid, LEIMKED NO &
K%, MGD-#k$lifk % NO + 7 v 7RIEL L TRIR (77K) THE L7, 7v boLEoME#ET o
Fe(l) MGD),(NO) @ & 7 F VT RIS & LI L. NO A MAREE & B4 3 5 TREME & Rk L
72" DTCS-#REEEDOBHBIC OV TR T 5,

KEWED NO b5 v TEAROBERBI - 513, DETC-SEEARICH LT, NO M Ty 7EEEL LT
DFEREZ SERBICHET 522 L3, BIRACERNETH L, b2 TEELOERLILT &, DETC-#k
SR OBA L STV BRITKEN N 7 v THEZEH L TO RO LERDPEONLVEGENDH D |
KB Ty TERIIEAANOHEE L ) Bk ) Th B, B RETEEDTWDE LI ATH B,
BB - R X o Tid, DETC-#EEEOIRBEMEPEFNNEH T 258055500 Lk v, Ok
NO F 7 v 7SR OME, EMEHCEA T 512872 TORF - FITAHL 22, 3B - Jgucn
L3I AiRgL 20, NO M F v TREE LTOFEMEIIERTHEEZ OGNS,

N. JFAHLRESHILT L HEEEIC & D EER NO DIfH & ER(E

KEBCIE, VFFHINURFIH LTy (DTCS) #sEk%E NO b5 v 7ER3E L L 724K NO O
EMEILICET 2 EE L DR Z LIRS S,

EEREIWE, Wistar RHEMET v b (200-250g) B L OVICR A~ A2 (§30g) THo7zo THD
BiE oy by — VKB, BUBR OV S — 1B E LT EPR WIEICHE L 720 in vivo @ EPR AR |
VB L OB, Sl oA VERA 3BT A VERE F B L2 EREGIT00MHz O B R HEEEY
XD ERTME L, 7. HAET TE-2008 X —/v> N EPR MIEEE b in vitro DB L7z,
1. NO-Fe-DTCS $#{AM EPR XX 7 FL3H LU NO-Fe-DTCS $&A &5 L5 v MOIEEETD EPR

T F IO BRI '

AR - MR ST RIRED 7 ) = TV ANDFAE L, ¥ TPV OBMERTSTHL, 7)Y
ANDGAEEBES 2 Z DR TH L, T2, BHROTMHEEIL, > 7 FVOMIBOET & 2hi2m Ly
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BT ENHLNT VA,
NO-Fe-DTCS $§AD/KE WD EIRTD EPR A7 ML (Fig. 3-a) 121E, NODEZEBOZKAY » (I
=1) IZEDHWIREL P UpBEl S /2, L L, NOSERD > 7L (Fig. 3-a) OFRIE (peak-
to-peak ; £90.4mT) &, AE Y I VAl (HEHE) L LTEHENTwEZPaF Y FHEODD (B
0.1mT) &9 dJL<, EEOGMEEL V) BLA»SIEAFTH %, NO-Fe-DTCS $#{KD EPR ¥ 7 F L1
EO GO TEFHET 572012, NO-Fe-DTCS k% WELHEL LT 77 FABLIU T v b
DHEETOEEORUS % AT,

(1)NO-Fe-DTCS $fh# B A LA FAEE 77 2o LT, EPRAXRY PLVERIELIZEZ A,
EIRED 3K 7P VRS, B EPR-CT BfR 285 2 L AST &7z, Z2M 5 fHEEIL3.6mm Tdh -
=,

(2)NO-Fe-DTCS 5K (50mM, 6 ml) %7 v b OEIEPICHES LT, S50 HRICIEHTANY b
VBl L7zE 2h, $ERAKEIRD Y 7V EERD Y 7 F VB E Nz, TORRIE, MRICD - T
HEARDTERE TIHML TV B I L ZRL Wb, EEPICHFEST S 7Y =7 VA0S, Ml 213ERE
S POMENERAZ L TWASHEIZIE, £07) = I HVITRERT 52 7 FIVofiEs & IR %
BRZITLIENHMOENTVS, LaL, BEISRZY7Fvid, NO#EKERD D O (Fig 3-a) &
FEAEFRILTHAZ LD, AENTNO #RIGHBE L MJAEEERH L W hnwEEZ NS,

WAL B2 ¥ 7 F VIRE DS S /=0T, EEL
W72 A7 P VEIEERIT o 72, T AL T dorsal
BoNz 2 RICEEGE % Fig 4 1R T, 22O REE
6mm THo72", Fig. 4 IZHRWT, BRIV A FoE#
RS MMEDEE ZIMIAITHL L T b, T2,

100%

ERAZIZIE NO-Fe-DTCS $8ADTIZ L A A L T R
ZEERLTWE, L72dSo T, ARSI M %
HELEWEEZ LIS, 25 9,
REBIERD S, EEN TS RIBED NO k54 ventral
&N HAE T, RRED NOWCHRT A2 7 F LD
BRI TR T 5 2 & DG b e o 7, Jom
2. YURBETONEAHE NOICHETZ L TFHILD
M BRI Fig. 4 Two-dimensional EPR projection of the
HEAENTHEAEDHER SN T\ 5 3T D NO A HiEEE coronal section in the head of a live rat.
The rat received an intraperitoneal
(NOS) OHT, BBLED NO ZAERT 5 DIE, EfE administration of the Fe (DTCS)yNO)
PR 2 ML IO BB S L2 B NOS T 5o i solution as an imaging reagent.

T, ABFECIE [WEMD NOJ oHEfgEfbzBiL T, FEHNOS LY F M2 CTHEL, EHL
7ZNORNO M v 7HETIT v 7L, BTETAZ LA A, UTOERTIE, =Ty FMF2 L
T, KIGHEHED ) REHE (lipopolysaccharide, LPS) #Ww/z, LPS T 7 a7 7 — V% iEHib35 &,
<7077 —YHIINOS HHFEE N, 6 FEEEIC NORESRKBMEIGET 5 Z LML TWwEY,
LPS %< AN S L 5. 5B B #I2, NO b F v 733 L LT Fe-DTCS $816 % 2 T 1211
2o 8Ty THREOENNOIF L. FT v TREICL L NO ORI E BRICET LM% 3 KR &

peeid

L
TE

e
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V—4 1) PFFANNA—=PEEAIZEIBANOD NT v T

LT, BTES 3 REERIC~ Y 2 DJEE T EPR
AR MVOWEERIT- 720 T v MEHETEHESO N
72 NO-Fe-DTCS $KD  7F )b L A D 3 A
DUFNVEEBET A LN TE, 2 RS
5B OOT— 5 ORE (#59) 24T, I
AR A G L 720 155 17 2 KonfiEg % Fig.
51ZR S, 2D EREILT.Omm ThH - 72,

K2, RO >3y bu— VEES
1To720 OEIBAEEKEZRS L C5. 5B,
Fe-DTCS $5M % K2 TIZVEST L7z B2 T RS 3 B
I~ ADPEEET EPR A% 27 M VOHIE %
To/zb A, YV FPNMVIBHEN G272, @
LPS 5 E %, 2 KM, 4 K2 NOS @
Fig. 5 Two-dimensional EPR projection of the cross fH % % © & % N°-monomethyl-L-arginine

section of the abdominal region of a live mouse gy ygay 2485 5 SEERITRIC, Fe-DTCS §54k %

treated by LPS. The mouse received an adminis-

tration of Fe-DTCS complex solution as an NO B FICVEST L7z F2 TVEST 3 BRI~ ADME

trapping reagent. HTEPR ARZ PVOMEEITo7E A, O
RIS 7B S N o 7o, OOFERERIE, ¥ 7T V2 BIT 5720121 LPS #5547
RTHHIEx, QOEFRERIE, Bl SN 7TV FHER NOS 25 EA SN/ NOHKTH S
EERIRL TV A,

Fig. 5 128 W C, WAL & @ Esd, S IFROBAITIE L T b, 56 7z mifgid,
NO FJ v 7 #E (Fe-DTCS #8K) 2SWHMED NO ZHHL L, ZORPAER SN2 NO T2 + (NO-
Fe-DTCS #§f8) 2%, MRIC & 280k 2 Lo THFIBICER T2 2L 2RLTwa, $4bb, IRH DR
FATAERNIZNT A NO 7427 b OREHERE RE L Twb,

BRI G C~y A2 B L C, WERMENO Ol B & CRNEIREL | in vitro THIZL T A,
LREOMG OIS RSB T SNz, BERNTEE SN 7 —F V7 VO BGLRIIBIE, AR
EDVRAEEZ HND,

100%

dorsal

ventral 25%
lcm

V. b

T HREERD—DTHBEANEZTE /G, WEEDO NO b7 v THELLEMNIT A Z L DWETH S,
NEZFOE VIR F TR ERANOBELERETTH Y, ANLHEAEEL D B AMEH %
GELZSTOEVWNO by TRETH L, FRICHLT, YFF AN A=+ (DTC) #:kiL,
NO #EEA L CW AR, BEfila ks L), ALWAERRACTOWREIMHEHT LI L85 TE 505,
HBHERCEIERICIIEICERL L) DERS L, b, PF A AN A= MEIZ, FL— ML L
TH (T4 VY V), BRI T ARy FVOERUIZERN T 2EFEOMERN & LTHWLNRTEBY, T
Bl (fungicide) . {H#EHl (disinfectant) & L THH R THA I EPHOLNTWAEY, /2, JZF Y
FAANNA=FOF )7 LEITRETHER L LCFHES N TE DY, A XAOBEBIC AR HiE s
NTWBY, Kz, WRMENO & BB THICEE L “o0EBER 2 BN1 5, OFER NO &HiEHE
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DFEBIZESG LT 5 NFeB MIIEBICE BN ICHFET 2BERFO—2) 13, VZF VI F A NINA—
RO I IVFFANNA- ML THEENEEEZDNTVEY, QA== FF T F (0)
N0 EDEEICBVWTEHERH SN TWAEY, VIFVIFEHIMNA— I Cu Zn-A—8—FF L FY
ALY —+E (SOD) ZHET LI EFMENTWVE™, DTCHFIZERT 2 I 6 0o%hEId, AR NO
DIRFERREICEEYSZLERE D, L0 > T, DTCE#EEE NO b5 v FRRE L L THEHT S
ETIE, Zo8k% DTC B LU DTC $REEEOEFIER I 2 BB LE TH 555, BURIIATES %2 IRRE
WZH b,

NO F 7 v 7L L TD DTC #k#ikid, ERFHEE~DOBEHAEIT L, NO L OSUSHERE, NO &EE
HILEW & ORIEHESZ D chemistry OFFTAERICENTEB Y, SWREL L ToLZERSIETLSN
TWhEERZRV, ZORRELOBRELNLL TWDEL0O0, JVFFH N3N A— FFERIT GRS
ISR THA VTR TH Y, BELZMELZEONO P T v 7HRER L OHERIICIER % NO IHE
HEOBHOWREM 2R o T b, chemistry DfEH & | FHLZREORIEZERLZVEEZ TV,
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Hemoglobin as a physiological spin trapping agent for endogenous NO

Hiroaki Kosaka
Department of Physiology, Medical School, Osaka University,
2-2 Yamadaoka, Suita, Osaka 565, Japan

We studied the effect of interleukin 1 (IL-1), tumor necrosis factor (TNF) and interferon-y (IFN-7) on
NO production in rats by detecting NO-hemoglobin (HbNO) in their blood using electron spin resonance
(ESR) spectroscopy. Either IL-1 or TNF alone, but not IFN-7 alone stimulated NO-hemoglobin (HbNO)
formation. Combined administration of IL-1 and TNF markedly enhanced HbNO generation, demonstrating
synergistic character of both stimuli on NO production. Further, LPS and TNF in combinationwere more
potent stimulator of HbNO production in rats than each alone. Addition of IFN-7 to the LPS-treated rats in-
creased the TNF release markedly. These suggest that the increase of TNF release by IFN-7 Plays a key
role in LPS-treated rats with respect to NO generation. During these experiments, distinct three-line hyper-
fine structure of HbNO of a-NO heme species was present in venous blood but not in arterial blood. We
have clarified the in vivo spectral differences. Ex vivo study using whole blood demonstrated that a-NO
heme species increased and S-NO heme species decreased by the decrease of oxygen saturation of hemoglo-
bin. Further the three-line hyperfine structure in the @-NO heme species increased by the decrease of ox-
ygen saturation of hemoglobin, but disappeared upon reoxygenation of hemoglobin. Thus these changes in
the three-line hyperfine structure between arterial and venous blood demonstrate in vivo quaternary
structural transition of hemoglobin tetramer from high affinity state in arterial circulation to low affinity
state in venous circulation. These results were applied to ischemic reperfusion models and to allograft re-
jection models to detect small amount of HbNO with distinct three-line hyperfine structure. The generation
of NO from a nitrovasodilator was also proved because, when 15N-isosorbide dinitrate was injected into

rats, the venous blood showed a two-line hyperfine structure of HbNO.
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7B & NO DULH CORMEY ., WA 4 > OB & % BHF L 7 B % AT 5o ARILERP O Hb I3KPE
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FHAE D RT 2 & Z LT ICBAT 5,
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A ERIERICBYTERISEAEI NO 2T
BERKE L THREICECTWA Hb 0 FREAH

B3 RIEE (6 EAL) @ HONO @ ESR A% kb o
(A) & THP # R L 784 (B)s M ales LTS ARDTERWAEEZ 2, NODIE) DR

teric dffector Td 5 A / ¥ b= -61 V& FX0 b Hb & OB ROOTI D Hb 4 FH
(IHP) %ML 7HE,. TRREL 2545, a o

G5 AL 7). RBAEE (34 o FHTRETHZ,
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25 6 BRI ICERIN L 2 BhIRIMLIC, BEFTA (5% CO &) #MEFMIT T L, NO-a$iNIFE A LT
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AR 2B LT, NO 2 E L ARDHFET S 2 L 2 ZRERMAEZ VTR L, &Lk ISDN % B4 -
FICRE SE 2 &, IREHEREIE 3 RMAA R 505, WERNEROBEZ L IHODE 2 FKRZTTh o7z,
TRIMERANICE 5= b a Y F 4 — VS OROEMICHFEL T THRET B LT LE o720 TE B
EBbND, i, EHELR S AR L -8l % BEWICT 57210 T, #0953 Anb HbNO &
B L7z, B8 IZ/ARLAL DT, HIME O HoNO AR EF £l B L ORIk o4 & Rk
AL 72, 2 OARIMERIC X 5 ISDN ORBRIER= b 7)) Y THESNTWE VY 54
VS bGUAT L= AE R F AN E B DONERET AL, FRENROHERE LT, S-
ANFUNINEFF Y FREN-ZFIVT LA I FERIML TRAEPHEEERS N0 727,

3 RIBEERE NO LRFMMENR L OLREFZEICLD. Ty 2 AR RN HEROET
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MZBWT, M2 NO D EFEZHE L7z, NO X
AT Hb OFFEIC & o TRESWEEA 4 >~ &
o ZALLTwE0 T, EMEERA 4V ICETLTTY —
50} AETHIE Lz, ERT BRI 1 B 0%, 305508
o PRI IS IMIE R O TERNER 1 4 > A 4+ V3R E
D¥EMER Lz, 722 0O8INE, NO OAKMHE
o FIOFEIZ & o TEHI E 7z, L-arginine 13 2 DH
o iz R L 7o, FFEFRRIC HDNO D EFA Y 3k
BICTHRE LS, SN2 IcRE S
R TR %S ERFH R EOEFEFZRIZE D, O
O BIMBERDETVICBNTEY | BRFE
—HEHE OIS LD, FEO R EERO T
TVIZBWTOREMBICINO D LA EZHRB LA, B
o o TR IEEBREIBET 2 HE0Z VA, NO b
o B END Z EDHLMIR o 7, EHEEESR & NO
; s A BIERIRCRUEL, S=F4F 254 T4 baA
= L e BL, BEHEOFO YO b ufbE BT LN
Time (min) bhroTni®,

H8 BE5IREET D ISDN 7* 5 @ HbNO L& D
EiE, O, £ ; @, EiFERmEkig ; O, Hb) o
B ; B, plasma ; &, B - plasma &

FETEHEIC1E Hb 2 NO OO B IR L 72, IL-1 & TNF OMFEZRICELY, Ty MOHICE

MANEZTE D1 %55 O HONO AAHEHT 5,
Z @ HbNO &, KA DM T OBREAFE O IZ3HE LT, R Bl S BiiliEE 2 R4 TR~ EELL,
NO @ Hb-a $Hi~DFEADB 5 Z L % ESR TR L7z, ZHIKMOME. MERTNO ARBZOFHE
BRI, NODHbIZ N Ty TENTHERTH L, BOIFERICLY, HEBERSERT S 2 & I13LIE
PHDLMoTWD, NODMHMEND ZEFHELNE R o7, ST, BBMIET F ZRIIEIMNMR D, T v
N DEEOBIEFEME UK, HEMEIC L) MAEFH LA S XD b, 6 HENIZ HBNO OFH L BHAE H 727,
CNEFHBRFE-IB L DRFERROERTH 5 PEBMEIICHTE 2T EEVS 5, HTHLREFTH
o TONODEZENLERIIEILEAIP?INICHEL, 3EONOSICHIET A/ v 77 bR
BAFE & L7,
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4. NO iz NO OBEBENPIZOWT
iii) Nitronyl nitroxides IZ & 2 NO O EE RN
r oW F =
Foofoof Foof: % % Foo 5 o§oofo Soofook £ Foogooge

Quantification of NO by Using Nitronyl Nitroxides

Takaaki Akaike
Department of Microbiology, Kumamoto University

School of Medicine, Kumamoto 860, Japan

Abstract

To date much attention has been paid to diverse functions of nitric oxide (NO) in a wide range
of physiological and pathological phenomena. We have reported that a series of aromatic nitronyl
nitroxides react chemically with NO and thus scavenges NO effectively in biological systems. The
chemistry of the reaction of nitronyl nitroxides with NO is very simple in that NO is oxidized by
nitronyl nitroxide, yielding one mole each of iminonitronyl and nitrogen dioxide in a stoichiometric
manner. Based on a stoichiometric reaction of nitronyl! nitroxide with NO, we developed a quan-
titative assay for NO produced biologically by using one of the derivatives of nitronyl nitroxide
which was stabilized by incorporating the nitronyl nitroxide into liposome. In this article, the uni-
que reaction of nitronyl nitroxides with NO is reviewed briefly and subsequently a novel assay

for quantitation of NO produced in biological systems is described.

1. BUBIC

WA, ERNICBIT 2 —BRILEFE (nitric oxide, NO) OEZH 4 AEWEEINEE SN TEBH, NO DAL
8% T 5 NO synthase (NOS) 2%, %Ml MMRICEH I WAL I ML TWEYY, Ll
7 M35, endothelium-dependent relaxing factor (EDRF) U/t NO o AEFEREEIZ DWW T, 47210 %
HbZv, NO ORI e HEEIC L CuaRORE2ERIEI, NOPALELEET VAV THY, £
O EELC, T2, TOEENRBEPLT LAELEN TV RNWI LR ETHL, Feld, =
NI, Ao boo = bt 94 FMEAEY (anitronyl nitroxides) ZHWT, EYWENRIZBNT

REARFERER EMFHE
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VI— 4 iii) Nitronyl nitroxides {2 & 5 NO D EEMHH

T A NO OB B E L DRI & EENRHEORE 217> T& Y9, 22T, AR TR, nit-
ronyl nitroxide L& % FH W /2K RIZBIT 5 NO DEEHRBEHEIZOWTIHRRE,

2. NO ;EFEH nitrony! nitroxide & FBL /= NO DTEE B HE

EMERRIZB W TERY 5 NO OEBZENE 2
EIRATE B 70101, KRBTl sz No  (A) SR FTIO Lo
ERRIICHEE L, S51203, NO Bl z EEIC N S
FHHlS 2 RO AT R TH %o Tk id, 1991103k,

nitronyl nitroxide &I B A= bt ¥4 4 F (B) carboxy-PTI :t:N\>—@—COONa
N.
L&D 5 5, 2-phenyl-4,4,5,5-tetramethyl- 1~ ~J\“~‘*~*~“*~JvQ[Avq[AVﬂ[ﬂ[ﬁ_ll__“__\p
MnO MnO
oxyl-3-oxide (PTIO) & # D FEMDS, KIBEBF B

FOHBERLDERT A NO ERIERILENVEL

(C)
1 TRIBTAZEICLD NO RHEL, o, £
D BB electron spin resonance (ESR) B (5 MnO v /\/ Mno
TmT

RS, HEL Y VOB LRS5BT & EF

AL, NOEKEIHHTETHALZ LERLTE (D) PTIO
PTI
7o (1), relative signal
a intensity of PTI
kl b = 2bla
PTIO + NO — PTI 4+ NOy «-eeereeeeens *1 MnO

(ky = ~10*M™'s7Y)

(PTI; 2-phenyl-4,4,5,5-tetramethyl-1-oxyl)

#£- T, PTIO (&, 5\ EDRF #HI{EA 2 #H L. ex vivo B L U in vivo DRIZBWT, NOHEEH &
LTBHTAIENTERLYY, LA LAAS, 2 ToPTIO FHEfEIE, ZofMofiE= ot x4
ARTVAMEEHMERMURRIC, TAAVEVBR VAT A Y, VFF AV b= VEOETWER su-
peroxide anion radical (0z7) IZ L D AEBHITEIL S, NO & DRI %E K> 72 N-hydroxy A& > TL %
9 L) RERIN 2 R H o 72 TR, MR (M4E) ML, M, 2 SADRTYWE, BLO
BRICERSFAELTB Y, PTIO FEMAL HW T, EFRIIBWTNO 2T 25613, PTIO 0JEE
BRI ATK & MR L 25,

BJ1. PTIO BIUPTID ESR ARV +J 4y,

3. PTIOSFEEKD KRV — LMEIC LB REI

Hald, ZORE% PTIO FHEEDO R A2 TRT 5720, LVEETNO L DOBIZBWTHEEDE W
FEARORIE, BhET->TEL, FOME, REIZ% > T, PTIO FEMAEL ) Ry — ABEICEET 2 2
E12 & D (liposome PTIO) . AKRIZBIF 5 PTIO OLEMESEIICKE L, 220, NO OFRFFEDL +
SR 72372 formulation DFEBSHEETH 5 Z & HSBH S A2 & 72 o 72, nitronyl nitroxide DV KV — 41k
EBEFENIDOVTOFIHMW LT —FIZonTid, B 7D V=TI Lk o TIYUFEILHRE SN TS
A AT EHI, VRV - ABEMERELLS A LICL ), EFENICORET, L VERBLY
RY—LAOPFEE Lz, Thbb, BEABICE TN PTIO I, BARBILVATAICOEES S X
NHZ e hnizo, NO Lot s KEMMERFTE 5 L, NO O lipophilicity (2 & . NO (ZIEEE%
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ascorbate
R-SH

2. liposome PTIO & NO & DFURA F— 24,

EHIZEE L, PTIO L REEMICKCT 5N TEZ (M2)Y,

Z DFk7 liposome PTIO @ NO & & FULHE% B4 7 NO HH 2 HW TR T A2 L5 T& 5, FIZ
X, Keefer HIZX D ERE N, BEICHBME LTERL T b NONOate & 3 FEIE4 % polyamine/NO
L& (K3) ICX W KRBHEHIZBWTHIMNIZ NO ZH &4, NO % liposome PTIO |23 &+,
liposome PTT DA E # #EFFHYIC ESR I X D E L7254 (NO 7 3 MLAWIE, M7 VA )BT
FRET, FHE~BRMETNO 2T 5), RMLEW LY NO DS, 145FH7) 20Filfenhs L
WHERR SN (K4), 2D &id, liposome PTIO # FWT NO O EEBEESHETL SN A L %
IRLTWBY, i, liposome PTIO % 272 NO OHIRFIZ, ESRD I ¥ a2—% —F—% — LT X
74 (HARET ; Labotec) HHHWL I &I2X D, 0.01uMBEF THET 5,

E2H12, bH)—DDHEEKRH B NO Al & LT, SIN-1 (3-morpholinosydnonimine) % 255 Z £ 5T
E 50, KWL, 20 ARG EERE (FE~T VA V%o pH BT L, iR T TIE%E) T 0.
SHIINO 5%, 2D 0,7 & NO OFtH IS liposome PTIO # AW TEERICHIETE 5 (K5),
liposome PTIO 12 & D fllsE L7237C, V) Y EEEW (pH7.0) FTo 1mM SIN-1 X ) @ NO i #EE X
2uM/min BETH 505, FRICHFET S 0,710 %2 NO DT AL»rRHEERLOzw R2)Y, 20
NO M iE NO 7 X VLB ORRICEMZR O Tl v, ’

ks
NO + 0y = ONOQ™ «eeeveerveinen # 2
(ks = 6.7%10°M*s7})

—7. SIN-1 @ NO i B DRI, 07 DEEEFRETH A superoxide dismutase (SOD) % $£AF & &,

0, #HESEHI LICXY (U3)Y, SOD X NO &#4& L. NO @ liposome PTIO (2 & 2 i & 134
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VIi—4

@)
(&
O
N7 Ny
l L
HC-N  HNCH,

o]
T
B\

NO-amine I }@'“

complex b'o]'

PTIO: 2-phenyl-4,4,5,5,-tetramethyl

imidazoline-1-oxyl-3-oxide

AR L 72 liposome PTIORE (M)

4.

PTIO \\

2NO»

NO2

= 2NO + H,C-NH

LA

N

6.
\*—> PTI

<

+ NOg-

iii) Nitronyl nitroxides {2 & 5 NO O ERAJIRH

HN-CH3

N>Og

'L HoO

+ 2HF

3. NO7 3 1b&% (NONOate) & 0@ NO DHH & PTIO & & S kRS,

{fH L7: liposome PTIO D
 6uM 12 uM 24 uM

¥ i 1 * i ! i * i

0 1 2 3 4 5

NONOate D& (uM)

NO 7 3 k&t (M3BMW) XoidBasns
NO @ liposome PTIO % V7= ZMM%E, lipo-
some PTIO & NO @ A T& % liposome
PTIO # ESRICL DV EE L7, EHERE®
NONOate & liposome PTIO % 37°C T304 S .
ESR % # 1T > 72o NONOate DIEE IZIKTE L 72
B 7 liposome PTI DA D S5 (2=
0.998), »2, ZOEMOMEEIIZITZ2TH5D
Z & X Y, liposome PTIOIZ X W, 14 F o
NONOate 2» L5 B &M 4 2 40F @ NO A IEIF
100 ENT VB Z L 3hh b,

Liposome PTI O pE (1M)

H5.

B (57)

SIN-1 & b @ NO fiLith @ liposome PTIO (T &

%M, SIN-1 (ImM) % PBS (pH7.2), 37CIZ
T liposome PTIO 25uM) & 4 » FaX—T 37

> L.

Cu,Zn-superoxide dismutase

(SOD)

(Img/ml) DEBEZIRET L7z, SOD HFAETTD
SIN-1 (1mM; 377C) ® NO Wt #E 132, 2uM/
min (EiD 5 50) LEHENnS,
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m %,
SOD
20, + 2H* — Oy + HyOp wooovveeernnes #*3
ks
(ks = 1.9X10°M's7)
DT L, O ElRARZOMONKMED NO HE % [heme B & UF nonheme iron (Fe?")] % &k
RN D NO R Y 2 F 2128V Th, liposome PTIO 12X 1), NO LM E# EEMWIZHHTE B2 L %R
LTWwa,

4. liposome PTIO Z W =HlaL W iEHE

% NO DEERIEH LPS ()

AR O FE 7% liposome PTIO @ NO & @ RS 4514
BLUFOEWFEMR BT AREREFEL T,
NOS #%H L Cwaflla L b Milgsticitt e b
NO % AEMHFHEMHT G7TCAKR) THETAZ L
WTE 5, e

MelovwAavwrsno 77— VBl
RAW264 &5 Wik M7 ) 475 A F—~<#71L
MR AL72 5 HHE &b NO % liposome PTIO
RO TCHBH L BAEF %R, liposome PTIO (2
X% NO OfHIRFUL, BfED & 25, #ilgz NO
BHAE LTHWZSE, 1X10°cells 720 10
pmol BETH A ) EEZTwD, 60z,
YA NA A R LD EFFEA NOS ((INOS) %5

HL., NO offifastictiix, & 0FEH R FiEH & 6. vv A<z 07 7— I8k,
o . RAW264 2 L MR~ & 7z NO @
EEIHET S (7). liposome PTIO & AW 7218, RAW264 (1X

LPS 5 pg/mi

LPS 5 pg/ml + L-NMMA

LPS 5 pg/ml + aminoguanidine

E 52, BIEIZERZ SIN-1 L ) o NO fto 10° cells) % LPS 5 pg/ml Hl#, JEfl %1205

BHOBA LA, w707 7— U DEERIC B#HEO NO i (1M B 7-9) % liposome

PTIO TH#l% L 7zo L-NMMA (ImM), amino-

SOD #iRNT 5 &2k 1, liposome PTI @AY guanidine (ImM) ¥R X 9 LPS Hl#012 0k

BIRAEZIIHMT A, 2077 — VEOHEIZIE, 7z liposome PTI (W) o4gidfifl] & h
5o

FOMBERNIZ 0 EABE TH D NADPH ox-

idase B EN TV A I LDBHOEN TS, > T, ZTOFE% SOD 12 L 5 NO OERBIMER I, &
M ERICB VT, NO ZSARMED 0,7 12 & D{HE SN, ZDOFEE peroxynitrite (ONOO™) 25EA S 41
TWAH I ERHMBINIIRELTVREHDTH b,

5. ¥ & 8
Lk, PTIO B8R & 5 NO DHEUE & NO OEEMEIEEIZOWTERL L 72, 4%, NO 123 L,
BRI E R L, P OHEMRTLRE% liposome PTIO # W5 Z LI2X D, EWFIRIIBVTAE
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wn
1

-0~ RAW264
- A172

ey
(@
1

o
%]
1

(@]

kg (hr)

NO fZ & (umol/30 %/5x105 #1R3 )

Jlik o (hr)

B 0o 3 6 9 12 24

v GED B iNOS

A172 _
”'.... G3PDH
f “““ < ¢| iNOS
RAW264[
' . . . ' G3PDH

7. liposome PTIO % A W CilllE L 7= RAW264 B £ f
A172 MR A & @ NO D& & iINOS mRNA # 53
DR M HER, RAW264 Mgk, LPS 10pg/ml, IFN-7
100U/ml, A172 #0 B4 . LPS 10pug/ml, IL-18
100ng/ml, IFN-71000U/ml, TNF-a1000U/ml {2 X ¥ #i
# L., iINOS mRNA (% Northen blot IEIZ & b f##T L 720
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4. NOJIsZE NO OERERESIICONT
iv) #BEEIC X 5 NO Ml

E B T

o ofocfoofocd Foogook S goof Fook % %
Detection Method of Nitric Oxide
Based on Fluorescence
Tetsuo Nagano
Faculty of Pharmaceutical Sciences, University of Tokyo,
Hongo, Bunkyo-ku, Tokyo 113, Japan
Abstract

It is well established that nitric oxide (NO) plays important roles as a signal transmitter not
only in the vascular endothelium but also in central and peripheral neurons and in phagocytic
cells. To understand the mechanisms by which NO mediates various physiological and pathophy-
siological process, it is required to monitor quantitatively the change of NO amounts produced
under physiological conditions. We have developed the novel detection method of NO, based on the
reaction of diaminonaphthalene with NO in the presence of dioxygen to produce naphthotriazole
which shows strong fluorescence at 425 nm by irradiation at 375 nm. By using the method,
formation of NO in various cultured cells was quantitatively measured. The method may be useful

for biological imaging of NO production from cultured cells.

I.#% B

WHEOEBEEECH - —ILER (NO) ZHRER - BRER - RRICB W TEE AW KR
F72LTwA T e mESNTEYYY, ZORTHRERS X UTERSERICBIT S5 NO OEHOKREIEH
LRI TETETALD, L Lad s, MERIZEITA NO OEOEBIERICOWTIERAZRE L
LTwd, ZORKEE LTNO DI VA NTALERRBE TS 2720, &) FUBHO®EVEILIEEE
REUH L, FOHEME MRS L Cilad e LTERTAZ BTN 5, 00— T
HAZBWTNO BHTHOBREEDE L LTHET L LoWEdH ) . AHISENG T TO NO OIEH

R EMUBHLFEE
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VI—4  iv) #EHEIC LS NO MR

EREHEEL T . KRROEBERPED L HIZay ba— b ENTWSHOPEHAE, FHRERD &
HERoTwWh,

OB E L TALNS NO OFELE L L2 OREFELTIRA S Z 12 LY RO O05E
HHEEZLND, TbH NOOKH - EEICBVWTNO DY 7Y A LA TOENZEE) & ABIEH O
MO 2ICT 522 EDHARDROONTB Y, 20200 BHZ NO O - E&ike LTI
DToZ EPEREShTWA,

FAERY NO fiiiE:
o ERREE . - o - e - REERTIVHNVETH D NO OBBEOELFBIFTCE LI &
o BRELME . . o . . fOEFZBH HNE 7Y —F I HNFE, BRI & IR L e WEER
WHETHL L

o MAEDMEMEYE - - - FFBRREE c BT ALEL LenwZ l, ThbbRSIHEL LR,
Hobik, fbEEE s v gL TS L

o A A=T U . BRI, HBUEREORBTTONOED YA F Iy s aELE Y
TaTVIIBTELZ L

ZITHEL I T TROBEOEVLEIEE L RBEBE L 55 NOBRIEZRHE L2, £LTZ0
Jrdhw B - BIEAEHE L, BRE AL TCNOBRHETELZ LWL LIk, I
TP O NO 2 EY 5 LA SIEFICHEM 2 TET, Ll CMOBSHE~OIEHS T %, Ll
AL, RBEEREATO =T L LTV I/ = V+H0, e HnTB Y, BT Z ERRICHIRYSS 5,
BB EHEMET 2 SICERC o 7T 2R ML, ERLTWE NO 2 ¥V a 7IVIZEIT 5 2
LIFTERV,

A B OETRMEN > > R Y Y A TlEHEA D72 ICB5E L2 800EA R L 2 NO MHEE /A L
2o TOFHEIFFEEICHRBEICB VTP LE S5, FRIEICBV TIBRICELT, BIEE
SHNEHEFT AL 20O METH VIERAEE - B e LEE L v, TRRRELLTE
Ca® DWPIEIZBIT B Fura-2 AM O & 5 ITHIREAICREL Y 2R EE L 70— 72 A8 T 2 L 12X D
WAFAR=D T H TR L hBEPHRTE 5,

II. EEBER

1. BHEoEE

VT F 75 L (DAN) FERESHET CHEMBRA A ERIGLT, 77 P MY T V-V EERT
% (Fig. la)o ZOF 7 M MY TV = VIEFig 1 b-2 IZRT L) ICHAEEWE TH 4720 2 O id i <
P OHAEIRA 4 v oEL LTHWHRTE 7,
FEOWFIOLOHEEFETTNO LI VETTHI LA RM L. ZORICIEERIFEL TH
HDTHEITL, ZOPNEDITEIEENTH S, BANEHFT CRSIEE CGEfTETERONTH 5, 72
2-Phenyl-4,4,5,5-tetramethylimidazoline-1-oxyl 3-oxide (PTIO) #EEFZ R b IZIMAZ THF 7+ b Y
T=VIERT A, 77 P M) T V- VvoORERRE. FENERIEENFN3750m, 425nm TH - 72,
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(a)

NO, , EeMEs@T

_ Oy
N
N
s
NH, NO + Oy, HERMHEFT - L\{’

(b-1) (b-2)

450.0 450.0

: @7? .

BJO O 600.0 350.0

600.0

Fig. 1 (a) Reaction of diaminonaphthalene (DAN) with nitrite under acidic conditions and with nitric oxide under
neutral conditions. (b) Fluorescence spectra of diaminonaphthalene (b-1) and of naphthotriazole (b-2) in
100 mM phosphate buffer (pH 7.4).
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Fig. 8 Time-course of fluorescence intensity based
on the formation of naphthotriazole in the
reaction of diaminonaphthalene with NO pro-
duced from i-NOS in macrophage (RAW
264.7) stimulated by LPS and IFN-7.
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Fig. 9 Inhibitory effect of L-NMMA on the fluoresc-

ence intensity
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Fig. 10 Increase of fluorescence intensity based on the formation

of naphthotriazole in the reaction of diaminonaphthalene
with NO produced from smooth muscle cells stimulated
by LPS, IFN-7, IL-1f, and TNF-a.
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Nitric oxide measurement with polarographic methods

Kohji Ichimori, Hideyuki Ishida, Hiroe Nakazawa
Department of Physiology 2, Tokai University, Scheool of Medicine,
Bohseidai, Isehara, Kanagawa 259-11, Japan

Abstract

A nitric oxide (NO)-selective electrode was developed as an easily applicable tool for a real-time
NO measurement. The working electrode (0.2 mm¢) was made from Pt/Ir alloy coated with a three-
layered membrane. The counter electrode was made from carbon fiber. When a stable NO donor,
S-nitroso-N-acetyl-dl-penicillamine, was applied, the electrode current increased dose-dependent-
ly. The current and calculated NO concentration showed a linear relationship in the range from
0.2 oM (S/N=1) to 1 mM of NO. The response of the electrode was 1.14 = 0.09 second. The
effects of temperature, pH, and chemicals other than NO on the electrode current were also evalu-
ated. Electrodes which were placed in the luminal side of rat aortic rings exhibited 30 pA of cur-
rent on NO generation induced by the addition of 107°M of acetylcholine, and the current was eli-
minated in the presence of 50 M N®-monomethyl-L-arginine, an inhibitor of NO synthase. Thus,

this NO-selective electrode is applicable to real-time NO assay in biological systems.
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Figure. 1 Scheme of a pair of NO-selective electrodes.
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Figure. 2 In vitro NO-measuring system.
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