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ARBXTIIUTORBELFERAL .

NADPH; reduced nicotinamide adenine dinucleotide phosphate
NADH; reduced nicotinamide adenine dinucleotide
NAD; nicotin amide adenine dinucleotide

GSH; reduced glutathione

GSSG; oxidized glutathione

TBARS; thiobarbituric acid reactive substances
GOT; glutamate oxaloacetate transaminase

GPT; glutamate pyruvate transaminase

RF; riboflavin

FMN; flavin monomucleotide

FAD; flavin adenine dinucleotide

SOD; superoxide dismutase

GSH-Px; glutathione peroxidase

GR; glutathione reductase

G-6-PD; glucose B-phosphate dehydrogenase

ATP; adenosine triphosphate

ADP; adenosine diphosphate

Tris; trisChydroxymethyl)aminomethane

TBA; thiobarbituric acid

TCA; trichloroacetic acid

DCA; dichloroacetic acid

PNDMA; p-nitroso-N,N-dimethylaniline

BHT; butylated hydroxytoluene

B,-But; riboflavin tetrabutyrate

EDTA; ethylenediaminetetraacetic acid



AAPH; 2,2’ -azobis(2-amidinopropane)dihydrochloride
AMVN; 2,2’ -azobis(2,4-dimethylvaleronitrile)

SDS; sodium dodecyl sulfate



E P2 BAUHREDEPRBLALHESEEHTHY, BEEFRLTT
ANLF—HBTVBEVEY . Lhl, TEREHIIL>TBRREIFETHY, FR
HEWMIMBRIIH T O HABELBEE L 2oL TEL Y. R&F
KBERETOIRES FREEREO ZEHEE (triplet oxygen; °0,)
ThHY, 2O EF %KD biradical TH 2> . EHLRBEDTTFIRFH
HEHPOEHNT, BAORFLALNLF —EE, EERGFCH-> T, KL
HoEHCEEBERL Y. KERBOBERSF FORBERE VS, 7Y
— VAN TREHIPEEREL R INTELT, —BRIIC “KE”
DEEFERITIL, 1960%EIC FridovichH P iC k> TRRE I NI R — 23—
# & F (superoxide anion radical ; 0,7) , —HEIHEEK (singlet oxygen
; '0;) , #BEEML/K#E (hydrogen peroxide ; H,0;) RUE FuF o5 I hn
(hydroxy! radical ; HO*) & ENnd. i, HIT “IKE” OIEMER
LT, 0, ¢¥HBLTCEET I FuxXnt+v7 Vs (hydroper-
oxyl radical ; HO0+) , #@EE{LBEE (lipid hydroperoxide ; LOOH) , &%
LB HANLDTALIX L7V HhA (alkoxyl radical ; LO*) RURNAL %
¥ 7 YL (peroxyl radical ; L00-) , g -EEKSEH, +V >~ (ozone;
0s) , hypochlorite (OC1™) FREFINIHAIH DY . TNOLDIESER
X, £y oL ENTRTERTIHEICIT, EERDERPK
BESARB TV PLEEERYEOELEY KBS LY, BE 'Y DHEFA
TID SN GRERINIC S L TWBER, Ao ary bo - L BENET D
BEELICLDAY PO - ALRERLY, £FBCRVEELRIZT I L 8A
LNTVBH M AEHNTOREBREDOEFILRE D, K\'Y, X
te-z | B, EEEY, RV RV, B -FEREE Y 20
eI ETRERTHAKTLIILEMESINTEY, FICERLI(LEYE
DRBIZHE-> TIEUEHBR - 7V -5V IAPBERL, BEABLREEOESE

— 1 -



FILY, BAOXAUBEBEELRESTD) .

EFEROVBAORERCRIFIIELCFHWELSFEL, ITNGIIEY,
BN, BRIEFRYE, BE, BirS, BERFLLT, BFUOLHFELE
BLiihrbo TEHERNIIMENICE POBRIKIYATN, 20OLEH
MBEOCRBEITHELTEEEREATL. filad, KEHEHELLTHL
NTWD BIEERL0E, 7V -9 VIV EERL THEBBLRIL * &
Cazemobn Tz FRESE, 74 —CPLHIBNTFO7 U —
STYANERBELIREEIWESTRIFALOBRREADONTWVEY | (L%
MEOS> LEBWEOECIIERATEIFRTAMELZ TS, FEE
A FERTILONEL, LOXEFUERBEORERENV L DL LT, L%
HEORBMIHES FHRANTCOREBBERKIEDTNENRRENTL B3P,

A, €7 I vEOHBILERCLIBE 4 0HELRFNINTEHE Y Y,
e AEB- DTy OHBEBHRS VD, e-b27 27—~ (a-Toc) D
DHEE D RUBREL S E~OHAHEHBHRERLBESINA TS, Lorl, Z
nNoRVINLERBEEY IV Thh, SEHET~OBRESRH D L »
b, BEBRI LI2BEORELNBEINDY . —JK, 77 v8iF, B
Ris e FADBLAIA, HAHEEGKOCES I VB REZERNVKENDHHEKL
FRENTHWS*UN, UR7 5y (RF) DHBLERPEEARBLEK
BROMBBRIBRHEINTEY2Y, ABHEEY I v THDZ 0 EH
EEROTILENR, EAOHEERK - 7V -7 VNI L5 AM{LEE
BRAXRTIEFEOREIR LT, FPHRROHDRLPHFETEZDILELS
nd.

ETEZIT, c FPBMTOIVEELHIREFDOLLEHEDS> B, &
HFRELTE FHBRTIB2DEV Y /) - L RUBBEERBERAE LT
HEBENTVwS Y 7ooxF L (trichloroethylene ; TCE) ¥ B L,
KRB EUHBROERRUVEERBLNIEDTEIC LHHFBEEN R4 L
FOBE, RUINIZH T ARFEZDFECOMFBRER S ZDHBEIZ O

g



T, in vivoRT in vitroDEBZT> THRHF L. ZOKEER, Thoait
FHBEORMITH > TERLLESER - 7V -5 Vil Ly, FEEF
OBBILIBBEENBEKRTDIIL, CORBAMRIECHKRTIFEENOR
£ LT, RFBEEEOHFARGIAFPDRERT I L, RURFBHEE DR
BEABLREICHTHIMEEEL LT, 2VHLHERERARLEZ ZVHILE
BREOMH LRI



BE AETLI-LHEFEZEOREIRTELE 77
TFoZv X7 L4 F FOMESE

FTAIA—Lidk FHBERTIBEOEVHEDTH LD, 2OAKRUENE
BMrEEOREILFILOE2LDOHELRTONTEY, ¥ /7 - LDORED
THBT e rFATE FICLD2BEENGIFESED T4, NADH/NADH O 1% i1
EEARDEFOERISBES T2LEDNTWEYY . SEE, 7ra— L8
Bz LT, HIFEABLERIEOLHEL L 58 LEEEOHAXNES
BEBINTED Y, L b TH T LI LEFEEETIE, FERFDE
MALIRE (3tf&diene) BEOHRLETH /L5 54>~ (CSH) BEDOHMPBR
HHLENTWE®Y . FERYTHARLEEESBATLHEBOV L DL LT,
T rPATE FOBREEIZLDCSHOBIBRESN TV HHY, &5
2, 28 /- LDORBEHSEEERRI 7Y -7 VIV DERGEETS
EEZON TS 3Y | AN TOEBILIEEO ARG, SEMEH
MOEUEBEC 7 U - VAL EDREICHETIN 45 5FE, 8
BAEEOMEEEMECERE L OBRBSEEHEN TN S 8775 | 14
—LORBBENOVLDELT IOV —LDF b7 a—n P-450IC RS
% MEOS (microsomal ethanol oxidizing system) RPMONTHLD, kK&
DITY 7 —NEBENLILHBEICNESRTCORBMELHATH®Y Zeho,
BYHETL-LHEREECHS BEABLRIEOTLEIZ L, MEOSRTH LY
L DORABEELTVELEELLNS.

AETIR, 3TLa - LA HFEEOREICH T IEEBR L BEARL
RIEOEY, RUINnEHT 275 v BHomBlaRe+Bdv28H7T, %
T, YVROBRERCTY ) - L2 EBENRBRECHEERSLZBED, &
H, FEE®”, FEFOFA A EY - A BEIEWE (TBARS) B8,
FFREHEDOGSHR BRI 7L % F 4 > (GSSG) B2, Wb 75 ¢ v &,
YA LY —AGESORBLBRE., METD GOTRUGPTIEM S # 1

A4__



FA—F—LLTHEL, EROGAET L2 - L ERFEBEORECHEYL L
BEBAZTLIY . RIZ, =4 /7 — 86 nmol/keD HRER ~ D517 %
LT, 77t >~ 38 (RF, FMN, FAD) 2 8fRR G LB DK T A —F —
DEEHG, BHETLI- VN ERBEEOREIH ST DI 77 Y 3HOAMHL
BB LY. 261, 77 IBBTRBFHE > 12FADE, <
5 7 —N86 mmol/kgDMEIEN~DE G ITH L CERMHNBRE CHAKRSELIZS
EDRNT A= —DEENG, FAD DHAHBROBEBREFELRILE
85)  F ¢, in vitro ODERBMNG, ¥ ) -1 DI s — L TORBICH
SEHRBROER L BEARLKIEOTNLE, RUZVZEVYBEILL2AHDHE
EEDEBEAERE LY.

BIFH x4/ —LOBEILLENF 12— —-DFH

1 #E-FTEE

0~103.2 nmol/kgD x. ¥ 7 — % = 7 X D EIEPI I B BB 7 P4 BE C R [AT 8
HELEER, B52URMBOGKER Y 7 —LOESEICHIEL THEAL,
51.6~103.2 mmol/keDHTHH T, MBHIIN L THEELSZDON I (Fig.
D . o, FEEB LY /- LOBEEEITHIEL THKXL, 68.8~103.2 m
mol/kgDEEFT, WREILH L THABESAO LN (Fig.1) .
2 P OGSHK UFGSSGE

FFEgHD GSH Bid— ¥ /7 —LOEEEICHIEL TEAP L, 86 mmol/kg O
ERT, XBEBECH L THEEERZEDONL (Fig.2) . —F, HEHOD
GSSCRIZ =% / — A DESBIIHIEL THAL, 103.2 mmol/keD#E 5B T,
BRI L THEZ RO o (Fig.2) .
3 W+ DOTBARSE

AR OTBARSEIIZ ¥ / — L OFEEIZKIEL THAL, 86 mol/kg &
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Fig.]. Changes in Body Weight and Liver Weight by the Ethancl
Administration in Mice

Each value is a mean + SD of 4 mice.
*%% Significantly different from control at P<0.05

and P<0.01, respectively.
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Fig.2. Changes in GSH and GSSG Contents in Liver by the Ethanol
Administration in Mice

Each value is a mean + SD of 4 mice.
#'k% Significantly different from control at P<0.05 and

P<0.01, respectively.
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Fig.3. Changes in TBARS Content in Liver by the Ethanol Administration
in Mice

Each Value is a mean £ SD of 4 mice.
*'%% Significantly different from control at P<(.05
and P<0.0l, respectively.

g 300 | "-150 ;
2

; " %
< 200 f 4100 5
'g =
2 2
'6 100 {50 E
(L] (L)

o 1] 1 1 1 1 [l
0 20 40 60 80 100

EtOH dose (mmol/kg)

Fig.4. Changes in GOT and GPT Activities in Serum by the Ethanol
Administration in Mice

Each value is a mean * SD of 4 mice.
#'%% Significantly different from control at P<(.05 and

P<(.0], respectively.



°103.2 mmol/kgD I H BT, MHBBICH L THEESRD O (Fig.3)
4 M#Et DGOT R UFGPTIE ¥

mEFDCOTRUGPTIEMSEIL, wFnd =¥/ — 86 mmol/ke RU 103.2
mmol/kg DG5BT, WBRFCH L THEECHEALI (Fig.4) .
5 FY4 PV - ALDEBOBRKER

44 by —ApBEhOBREEI, Table | KRLEZELEDI, winy
T4 7 —LOFE5EEICHE L TET L, SODIE M K UFG-6-PDIE M 1£68~103.2
mmol/kg, catalasef&d1234.4~103.2 mmol/keg, GSH-Px 3EMEKR U GRIGHE I
51.6~103.2 mmol/kgD 5B T, MBELIX L THEELSZD NI
6 HFEFo7> &

FHED FADRUB 77 EvBRVWTNB TS/ —LOBRSEBIIRIEL T
WAL, 51.6 amol/keDWEH LRV I TR TOHREF T, SBEICHL T

FEENAD NI (Table 2) .



Table 1. Changes in Enzyme Activities in Liver Cytosol by the Ethanol

Administration in Mice

EtOH Unit/mg protein
Cmmo1/kg) S0D Catalase GSH--Px GR G~6-PD
Q 5.57+t0.33 925495 1234 8.53+0.56 7-.21x0.33
8.6 5.30+0.96 803144 119+8 8.17+0.82 8-17+1.79
17.2 5.19:0.96 7804123 1188 7-89+£1.35 9.33+2.97
34.4 5.14:0.56 748+66°° 11448 7-66+1.75 6.65+1.28
51.6 5.14+£0.56 758£54=° 107211~ 7.07+0.66%° 6.61+0.67
68.8 4.75+0.53~ 495191 102+8*° 6-29:0.54%’ 5.7210.78>
86.0 4.31+0.68"° 405475%° 97+13%°  6.50+0.45%*° 5.6110.25*°
103.2 4.55+:0.10% 270£20%° 105210 5.85:10.12% 5.5440.08"°

Each value is a mean t SD of 4 mice.
a) b) Significantly different from control at P<0.05 and P<0.01,

respectively.

Table 2. Changes in Flavin Contents in Liver by the Ethanol

Administration in Mice

EtOH nmol/g liver
Cmmo 1 /kg) RE FMN FAD Total

0 0-620.06 2.46+0.48 34.9£1.8 38.0+1.8
8.6 0.5710.08 2.46+0.87 32.3£1.8% 35-3+1.6*
17.2 0.61+0.06 2.19:0.57 31-4+2.9%° 34-2:3.0%°
34.4 0-45:0.06 2.34:0.24 31.6+1.6° 34.4:1 .6~
51.6 0-46+0.11 2.40£0.87 30.7+4.3 33.6+4.3
68.8 0.5210.17 2.25+0-81 29.5+0.5%° 32.3:0.7"
86.0 0.5110.15 2.22£0.81 27-4+1.0"% 30-1%}1.0%

103.2 0.65:0-05 2.25+0.30 21.9£0.5" 24 -8+0.5%

Each value is a mean t SD of 4 mice.
a) b) Significantly different from control at P<0.05 and P<0.01.

respectively.



MOW 7 E Y 3K LB IFREEIED RO

| #&E-FEE

2y ZADEERICTS 7 - 86 mol/kg%# THE LB ED, 5 240807
BOGEOEE BRI, FPINOHRARSECHECHAGE IN, RF RV
FADD GRS R CRIAEELEDRADON R -7z (Table 3) . F7z, =
Y7 = NOFELIFEEOHE LKL, RF RU FAD Ot 58T
BRECHEENILS, FIN OFARSRCRERLEBIRO N A - 12
(Table 3) .

2 FFBEH O GSHR UFGSSGE

IH - ALDBELIFBHOGCHROAERE LB IL, HEEI RV,
772V 3BOfRARETCV IR GAB TN/ (Table 4) . F/2, T4/
— A DEEICLBFEBRO GSSC BROFHELMEAIR, RF R FAD O fFBH#H
ERCHECHHE ALY, FW OfARSBCHAEREHIR oY
» -tz (Table 4) .

3 B O TBARSE

T/~ NDBEERLHFBHD TBARSENHEE LB AR, 77 v 38
DHtRARET, WIhyFRICHAF SNz (Table 4) .

4 i O GOT R UGPTIE #

I8 ADEFILDMEROGOTEENHFEE S LA X, RFRUFADD #f
AESEBECHINIFREICHBENIA, FIN OFFHES B CREELLH
FRbHLNLEh-12 (Table b) . Ff, =8 /7 —LOBET LZMERD
GPTIEMNFEER ERL, FAD OHRAE SR THRBCHHEIN 225, RF RU
FINO BB SR CIIEBEREBHRIAHS N7 (Table 5) .

5 B4 kY — LR ET OB R |

Fy4 by —LBBEFORERFEIEIL, Table 6 KRLIZE ST, =4 7~

VMO EIZLDS0DEHNDHERETIR, BEEI LWV, FADOHAZ SR



Table 3. Changes in Body Weight and Liver Weight by the Ethanol

and Flavins Simultaneous Administration in Mice

Group Body weight(g) Liver weight(a)
Control 19.3+2.1 0.98+0-26

EtOH control 24.8+1.3% 1.73+0.24%°
1 21.6+0.8*> % 1.18+0.18%

I 23.0+1.4% 1.28+0.07 ©
a 22.8+0.5" = 1.1210.12%

v 23.2+1.6%° 1.4140.11"> <
v 23.3+0.9%> < 1-46+0.16%°

v 23.6+1.1%° 1.4230.13 =

Each value is a mean + SD of 4 mice.

EtOH; 86 mmol/ks Flavins: 0.57 mmol/ksg

[; RF, H; FMN. Il; FAD, N; EtOH + RF, V; EtOH + FMN, VI; EtOH + FAD

a) b) Significantly different from control at P<0.05 and P<0.01l.
respectively.

¢) d) Significantly different from EtOH control at P<0.05 and P<0.01,

respectively.

Table 4. Changes in GSH. GS5G and TBARS Contents in Liver by the Ethanol

and Flavins Simultaneocus Administration in Mice

ug/liver
Group GSH GSSG TBARS
Control 182+38 1142 1.97+£0.20
EtOH control 119+35" 18+2%? 3.641+0.45%
1 152£23=° 13+£3°° 1.87+0.48%
I 156+10 13+2° 1.79+0.13%
I © 152423 122 1.96:0.40*
¥ 134£31 1522=> =2 2.25+0.35¢
v 132423 152~ 2.32+0.61%
Vi 14223 13£2<° 2.05:0.54*

Each value is a mean + SD of 4 mice.

EtO: 86 mmol/ke Flavins; 0.57 mmol/ks

1; RF, I; FMN, Ii; FAD, IV; EtOH + RF, V: EtOH + FMN. Vi; EtOH + FAD

a) b) Significantly different from control at P<0.05 and P<0.01l.
respectively.

¢) d) Significantly different from EtOH control at P<0.05 and P<0.0l.

respectively.-



Table 5. Changes in GOT and GPT Activities in Serum by the Ethanol
and Flavins Simultaneous Administration in Mice
1U/1 serum
Group GOT GPT
Control 121433 81+17
EtOH control 189:143*° 115410
! 13618’ 69+27°
It 101+33*° 48+32*°
m 9915’ 48+11">
v 132417 7861
v 163+40°° 80+44
V1 133+11°> =2 6418
Each value is a mean + SD of 4 mice.
EtOH; 86 mmol/ksg Flavins: 0.57 mmol/ks
1; RF. ; FMN, Il; FAD, Iv; EtOH + RF, V; EtOH + FMN, Vl; EtOH + FAD
a) b) Significantly different from coentrol at P<0.05 and P<0.01,

respectively.

¢) d4) Significantly different from EtOll control at P<0.05 and P<0.01,

respectively.
ed )

Significantly different from flavin control at P<0.05 and P<0.01.

respectively.

Table 6. Changes in Enzyme Activities in Liver Cytosol by the Ethanol
and Flavins Simultaneous Administration in Mice
Unit/mg protein
Group SOD Catalase GSH--Px GR G-6-PD
Control 5.77t0.62 1043252 16618 5.52+1.71 7.20+0.72
EtOH control 3.6710.42%° 292:+:23"%° 102£14™> 4.91x0.44 4.25+£0.95
1 4.8611.47 8044120 153£26¢> 5.73x1.11 5.9811.43¢
I 5.09+0.38%° 648161 %> 10416 4.36x1.21 5.29+1 .46
Jig 5.28+0.36% 70164 >  144213% 5.06+1.35 6-02+1.37<
N 3.74+0.18>’ 360+£132%> =2 103+35"° = 5.53+0.96 6.67+0.63°°
v 3.2310.25% =2 580+220"° 98+36~° 4.5820.84 6.591:1.53<
| 4.11:0.16"° => 633+90"° => 13914~ 4.73+0.57 6.37+1.59°
Eachh value is a mean t£ SD of 4 mice.
EtOH; 86 mmol/kg Flavins: 0.57 mmol/ksg
1; RF., : FMN, li; FAD, IV; EtOH + RF, V; EtOH + FMN, Vl; EtOH + FAD

ad b) Significantly different from control at P<0.05 and P<0.01,
respectively.

¢) d) Significantly different from EtOH control at P<0.05 and P<0.01.
respectively.

e) Significantly different from flavin control at P<0.0}l.



THHE NI, o, =5/~ LDOEG5ITK DeatalaseiFEDHEFERE T,
FADOG RSB THRBRICAM S NS, RFRUFINOFRAESBECRERR
BHEBEOON L ho712. i, =8/ —LOEEIC L ACSH-PxIEHOHH
BETIE, AEEILVY, FAD ORESECHHEINT. /2, =4/
—AMDEHEIZLDC-6-PDEHEDHERETIZ, 772y 3HOfAKE T
TNHIHEBEHF I, T61T, 27 7 - LOEEILHCREHDKETIL,
HEEZERQ VY, RFOHHEESBE AR NI

6 HEFO75cr&

TH ) —NOHFEECLHFEPD FADRUB 7S EYBROEELEL I,
772 IBOARST, WIFNIFBCHTE NI (Table 7) .

Table 7. Changes in Flavin Contents in Liver by the Ethanol and Flavins

Simultanzous Administration in Mice

nmol/g liver

Group RE FMN FAD Total
Control 0.52+0.10 2.2510.21 31.2+2.6 34.0+2.6
EtOH control 0.45£0.05 2.13:0.39 26.7£2.8%° 28.3+2.9%

I 1-18+0-.31" <> 3.7211.38<’ 41.9£1.2%> ¢ 46-8:1.5% ¢

I 1.1640.15"> ¢ 4.50+0.39°> % 42.2:1.9=> > 49.7+1.7% ¢

n 1.09+0.18%" ** 2.76+0.39°° 47.5%1 .5 51.4+1.5%> ¢

v 0.55:0.10 3.51+0.84-’ 33.9+5.0" = 38.0:5.2<? =

v 0.46+0.14* 2.28+£0.75"° 28.9+4.4"%° 31.6£5.2"

)/ 0.41+0.10° 3.27+0.60%> % 37.3£3.9%> 9 2 41.0+3.9=> ¢ 0
Each value is a mean : SD of 4 mice.
EtOH; 86 mmol/ke Flavins: 0.57 mmol/ksg

l; R¥, if; FMN, Wl; FAD, IV; EtOH + RF, V: EtOH + FMN, Vl; EtOH + FAD

a) b)) Significantly different from control at P<0.05 and P<0.01.
respectively.

<) d) Significantly different {rom EtOH control at P<0.05 and PP<0.01,
respectively.

&) f) Significantly different from flavin control at P<0.05 and P<0.01,

respectively.-
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I TIEVFTFIUVRIZLAF FONEEANFESHRD
RE5EKFH

1 tE -FEE

< ZOEENIC TS 7 — L8060 mmol/kex WEH LIcBE D, E52URMH%
NDHRERUFEEOFEE LA, FAD OJAESFKILIIVINITESER
WL T4 &, wINd high dosefETid, T4 / — A BHMHF S
LTHEEEZLRDONI (Table §) .
2  BFEEh O GSHR UFGSSGE

IH I —LNOBRSFIILIFEROCHREOERE ZEA L, FADOSRAEZ S
FOBEBIIHIEL THHE &, high dose BT, =4 /2 — L BBELER
K L TEEENZD bNf (Table 9) . /2, =4 /- LOEHITLD
FFRE DCGSSCROEE LA S, FAD OffARSC L 0SB L TH
Han, $XTCOFAFXSET, 25/ -~ LEBERESBEIS L THEEENE
H 6t (Table 9) .
3 W DTBARSE

27— LDHEEILDIFETOTBARSENHE R L AL, FADOBAKZ S
REhEERIHBRLTARIN, I XTOHAZERT, =4/ —LBH
BHEBIIHN L THERBRENED LN (Table 9 .
4 M oOCOTR U GPTE

T ) —LDFEHICLDIMBEFOOTRUGTERNERERBRIE, WIn
HFADOHFABE S C L VR EEICHIEL THHE SN, GOTHEM (dmediun dose
BER U high dose#f, GPTiGE¥Ikhigh doseB T, =4 / — LBy 5815
LTHEENED Gz (Table 10) .
5 YAy —-ABEFOERENS

T ) NDEEIZEBZFYA Y A DEROERIEEDOETFIX, Ta-
ble [IK/RLIc L5, FAD ORISR LIV VIFhFZHSRICHIE L TH



Table 8. Changes in Body Weight and Liver Weight by the FAD and Ethanol

Simultanecus Administration in Mice

Group Body weight(g) Liver weight(g)
Control 25.4+1.9 1.5320.24
EtOH control 29.2+0.9*° 2.19£0.12*=°

1 24.3+2.0 1.41:0.25

I 25.6£2.2 1.5540.21

il 25.8+1.8 1.56+0.22

v 29.0+1.9% 2-07:0.10%

v 28.0£1 .9 2.04+0.18"

VI 25-8+]1.5% 1-71+0.21<°
Each value is a mean + SD of 4 mice. EtOH; 86 mmol/ks

{; FAD 28.5 pmol/ke, I; FAD 0.285 mmol/ks, I; FAD 0.-57 mmol/ks.

V: EtOH + FAD 28.5 umol/kg, V; EtOH + FAD 0.285 mmol/ks,

V{; EtOH + FAD 0.57 mmol/ks

a) b) Sienificantly different from control at P<0.05 and P<0.01,
respectively.

c) d) Significantly different from EtOH control at P<0.05 and P<0.01.

respectively.

Table 9. Changes in TBARS, GSH and GSSG Contents in Liver by the FAD

and Ethancol Simultaneous Administration in Mice

ug/liver
Group TBARS GSH GSSG
Control 1.88+0.20 25518 15£2
EtOH control 4.2211 .40 180+23+° 20+
I 1.89:0.45 261 20 151
1 1.8010.53 248125 16+1
it 1-92+0.65 260135 16+£2
N 2.0810.50°° 185124’ 1812*°
v 1.99+0.76<’ 206+21° 16+1<°
Vi 1.96£0.60°° 228+26" 1541 <?
Fach value is a mean &t SD of 4 mice. EtOH:; 86 mmol/kse

[: FAD 28.5 umol/kg. I; FAD 0.285 mmol/ks, #; FAD 0.57 mmol/ks,

V: EtOH + FAD 28.5 gmol/kg. V: EtOH + FAD 0.285 mmol/ks.

Vi; EtOd + FAD 0.57 mmol/kg

a) Significantly different from control at P<0.01.

b) ¢) Significantly different from EtOH control at P<0.05 and P<0.01l,

respectively.



Table 10. Changes in GOT and GP1 Activities in Serum by the FAD
and Ethanol Simultaneous Administration in Mice
1U/1 serum
Group GOT GPT
Contsrol 135127 88117
EtOH control 194435 121£23=°
1 13329 86121
i 13822 89417
o 14023 8620
v 178425 108429
v 139121 92427
V1 130£20*° 8718’
Each value is a mean t SD of 4 mice. EtOll; 86 mmol/ks

I; FAD 28.5

NV;: EtOH + FAD 28.5 umol/ks
EtOH + FAD 0.57 mmol/keg

vi;

umol/ke,

FAD 0.285 mmol/ksg.
V; EtOH + FAD (.285 mmol/ks.

s

a) Significantly different from coutrol at P<0.05.

b) Significantly differeat from ethanol control at P<0.05.

FAD 0.57 mmol/ks,

Table 1)]. Changes in Enzyme Activities in Liver Cytosol by the FAD
and Ethanol Simultaneous Administration in Mice
Unit/mg protein
Group S0D Catalase GSH-Px GR G-6-PD
Control 5.28+0-36 11491119 187£16 5.8910.58 7-19:0.46
EtOH control 4.12:0.16%> 484+85"’ 12516 3.62:0.39" 3.01:0.20*°
I 5.5510.20 10621188 179+18 5.95:0.70 7-08:0.85
1 5.30x0.28 1176+112 185123 6-08+0.83 7.20:0.58
¢ 5.33+0-25 1129£120 185+30 6.32+£1.03 7-.18+20.57
v 4.20x0.30"> 594+90*’ 141£16%° > 4.20+0.54% 3.1410.25>
v 4.60:0.28"> 647+58"%° 156426°° 5.4310-.70°° 4.50+0.44" *°
Vi 5.00+0.38°> 7326+103"° <> 169:19* 5-56+0.32%7 5.54:0.49" 2

Each value is a mean + SD of 4 mice.

1: FAD 28.5
(U

umol/ke,

EtOH + FAD 28.5 pmol/ks

I: FAD 0.285 mmol/ke,
V; EtOH + FAD 0.285 mmol/ks,

VI; EtOH + FAD 0.57 mmol/ksg

EtOH: 86 mmol/kg

I; FAD 0.57 mmol/ks.

a) b) Significantly different from control at P<0.05 and P<0.01,
respectively.
c) d) Significantly different from EtOH control at P<0.05 and P<0.0],

respectively.



H X4, SODIGEH# K FcatalasefitE(d high dose#E, GREMR U G-6-PDiEM:
I medium dosed¥ R Ufhigh dose®, GSH-Px HEHER TR TCOMHAKSE T,
T4 /- LVBHBESBINLTEEE SADONT:.
6 HEFOZ7IEvE

I8 -LOEEILLAFEFO FADRUBR7 7 EVEDERE LBV 1T,
FAD DHRIEEICL D WINBRSEIHIGL THE SN, I RXTCOFHE
EBT, =4 /- L BERRSBCRLTHEEESEO bz (Table 12) .
7 BRIty FUTOATPERTEYE v v

T8 ) —LDOERELBFI Ay FY 7TOATPARESEOFERERETIL,
FAD Ot REF S KO HREBICHEL THHE SN, nediom doseBE R Uhigh
dose B¥Tld, T4 /- VEBESHINLTARENED OGN (Table
13).



Table 12. Changes in Flavin Contents in Liver by the FAD and Ethanol
Simultansous Administration in Mice
nmel/g liver
Group RF FMN FAD Total
Control 0.68L0.20 2.2210.54 34.313.8 41.9+3.9
EtOH control 0.56+0.11 2.13£0.51 25.8t4.4>° 29.3+3.7%°
1 0.71:0.22 2.33:0.45 35.0:2.3 42.8+2.8
il 0.96x0.30 2.5410.55 40.9:3.8 47 .7t4.5
il 1.88+0.70 2.96:0.50 47.74.6 58.3:6-.6
v 0.61£0.27 2.1910.51 35.0+6.5"° 38.8:6.5°
y 0.85£0.22°° 2-34+0.60 38.4+2.9" % 42.6£3.0°>
VL 1.68:0.66" <+ 2.76+0.87 45.8+6.5"> *> 51.2x7.0™ ¢

Each value is a mean + SD of 4 mice. EtOH; 86 mmoi/ks

l: FAD 28.5 umol/ke, L:; FAD 0.285 mmol/kg. WMl;: FAD 0.57 mmol/ksg,

I¥; EtOH + FAD 28.5 umol/keg V; EtOH + FAD 0.285 mmol/ke,

VI; EtOH + FAD 0.57 mmol/kg

a) b) Significantly different from control at P<0.05 and P<0.01.
respectively.

c) d) Significantly different from EtOH control at P<(.05 and P<(0-0l.

respectively.

Table 13. Changes in Mitochondrial ATP Synthesis in Liver by the FAD

and Ethanol Simultaneous Administration in Mice

Group ADP/O ratio
Control 1.62+0.55
EtOll control 0.68x0.16~°
! 1.68:0.43
' 1.75:0.58
i 1.8610.82
v 0.78£0.28*’
v 1.15£0.35*
Vi 1.37+0.35<

Each value is a mean + SD of 4 mice. EtOH; 86 mmol/ks

1: FAD 28.5 mmol/kg,. H0; FAD 0.285 mmol/ke, Li; FAD 0.57 mmol/ks.

I¥: EtOfl + FAD 28.5 umol/kg V; EtOH + FAD 0.285 mmol/ks.

Vi: EtOlIl + FAD 0.57 mmol/ks

a) Significantly different from control at P<0.0l.-

b) ¢) Significantly different from EtOl control at P<0.05 and P<0.01.

respectively.



WA T4 2 —iDin vitroRBICTHES BEBBRLREICN T 5
7I5EVFTFIyY R LAF FOHEEE

1 379Y—-s0REABLKIG

FFI/7uYy—4A0 in vitrofBE@MERIE TIL, TBARSOAERE L, KIG
FA~DI 7O - LDOEMEHL00 sg proteinE TIREFEME IS L L THX
Lic. —F, MBRBLILI 7oy - L&A LILKIER TR, TBARS M4
RiIEEH N> 12 (Fig.5,4) .

2 HEEABLRKIGIKH T TS /)  —LOHKMOYE

20— L REGKME %200 g protein Utz | OFEEMIRKIER
TiX, TBARS DEREE, T4 / — L OHERMEL]1.05 nM F TR I3
L THALL., —F, MBLB LI 7aY - L5 FERALELRKIERTI,
TBARSO 4B IZ D &l tv» 12 (Fig.5,B) .

3 BEBABLKBKY TOIEEBEREBERUFADORMO YR
Y/ ADEMEX].05 nME Lz 2 0EEBIERIESR TIE, TBARS
DHEREIL, SOD 10 unit, catalase 15 unitRUFAD 6 UM E TOHEMTIL,
WINOBESEMEICEIE L CHA Lz (Fig.6) .

4 BRESBEREENTH 72 VHALVERADEMNOESE

37 vy — L53E200 g proteinRU =4/ —A1.05 aMEHEML -JE
WL R T2, TBARSO A E L, mannitol 6 uM, SREE6 uM, SOD 10
unit, catalase 15 unit, 77 E Vv SBRUEIVUA 77 BB 2T A (B,
~But) & 6 AMOBEMTIE, WINDBEHHIO60%BMA LIz, 7VF b
Uy AB IMOBEMTIRELSEPIIEOLONRM > 12 (Fig.7) .

5  PNDMAEZIZ X B HO-DJIE

PNDMAIZ 3R $° % 440 nmDBRIEE L, BEELKBEORMESO0.] ol T
MBI L TEA Lz (Fig.8,4) .

6 PNDMAEEICH + HAFADOEHMOH Y E
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Fig.5. Increase of TBARS by the Addition of Microsomal Protein or Ethano

Reaction mixture contained (.26 mM of ferrous ammcnium sulfate
and | umol of NADPH in 0.] M phosphate buffer(pH 7.4). Final volume
vas 1.0 ml.
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2
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E
L s
< 09 1 % i
S L. . . T L. . 7
0 5 10 15 0 2 4 &6
Enzyme (unit) FAD (M)

(a) SOD (b) catalase

Fig.6. Effects of SOD, Catalase and FAD on the Production of TBARS

Reaction mixture contained (.26 mM of ferrous ammonium
sulfate, | itmol of NADPH, 1.05 mM of ethanol and 200 gg of

microscmal protein in (.] M phosphate buffer(pH 7.4).
Final volume was 1.0 ml.
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HEELKEDOERMEL 0.1 amol & LIS ORISR T, BEEOMHA 3
FADDEMES0.6 umol £ TIXEBMEI ML L THE N (Fig.8,B) .
7 HO-& ORIEIC £ BFADD L

FADIZHI K 47 5448 nmDBGE X, BEELKKORMES 0.5 tnol £ Tt

RAIDEICHR L CEA Lz (Fig.9) .

TBARS (%)
0 59 190
Control
-Ethanol i
+RF F—
+FMN F—
+FAD T
+B.-But e —
+Uric acid P
+Mannitol F—
+SOD F—
+Catalase P
+NaN, H

*Significantly different from control at P<0.01.

Fig.7. Inhibitory Effects of Scavengers on the Production of TBARS

Reaction mixture contained 0.26 mM of ferrous ammonium
sulfate, 1 gmol of NADPH, 1.05 mM of ethanol, 200 pg of
microsomal protein and 6.0 gM of RF, FMN, FAD, B,-But,
uric acid, mannitol or scdium azide, 5 unit of SOD or 15
unit of catalase in 0.] M phosphate buffer(pH 7.4). Final
volume was 1.0 ml.
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Fig.8. Effect of FAD on the Reaction of PNDMA and Hydroxy! Radical

Reaction mixture contained 0.3 gmol of EDTA, 0.1 pmol of
PNDMA and 0.13 gmol of ferrous ammonium sulfate in (.] M phos-
phate buffer(pH 7.4). Final volume was 2.5 ml.
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Absorbace at 448nm (%)
o
©

o

6 0.25 05
Hydrogen peroxide (pmol)

Fig.9. Decrease of FAD by the Reaction with Hydroxyl Radical

Reaction mixture contained 0.3 pmol of EDTA, 0.1 imol
of PNDMA, 0.13 tmol of ferrous ammonium sulfate, 0.6 pmol
of FAD and 0~0.5 gmol of hydrogen peroxide in (.1 M phos-
phate buffer(pH 7.4). Final volume was 2.5 ml.



BOH XKEDILD

AMTAL - LHFEEORECN TIESMBR BEARLEREOES
BUZNIzd$2 77 EVEHORAFMBRLE ZOEREIZ DOV T, in vivo RU
in vitrod B % 11> THRIF L1z

EIHici, =7 RIS 7 —10~103.2 nmol/ke®k EIEN I BEIF S L
EsE, thE, WES, WSO TBARSERUFBT OGSSCEIL, H5EBKI
i L CHAL, RO GSHE, F9 4 Y — L SER OB RIESE
RUFBHRO 77 vy&iE, BEBIHEBELTRERAP L. INHDRT5 42—
- OEGBHRUMERDOGOTRUGPTERED EANG, ARBREHTIEL S
— 186 mmol/kgll LD ERET, ST LI - LHEFBEEORENEAD LN
. i, TONBEOREIIR LT, FEB T COREARLIED TTE
BRUFBEFDO 77y EOBPYOEENLRREN, 77y HOBEHIT LD
FFEZEOMHEAZEZL 6N, LrL, 103.2 mmol/ke HEBHETRRE 5 %R
MUNE 27 ZORTHBEEIN, £7286 onol/kety 5 F I L Tl GOT
BRUGPTHEHDETHAR NI, =4 /7 —1]103.2 mmol/keD¥r 58 T
FFEEREDETEN LIREFRAVELLS LB RREN, EFBRPILEHET L
I AMHFEEARETIHEELE L T80 mmol/ketS ML EX LN

HOMiTIE, =¥/~ 0136 nmol/keDEBEN~DEEEFEHEIIKHL T, 77
By 3BENEFN 570 tmol/ke T D5 HABKEFLIER, #7244 —D
A VITNoOftlAKSECIMF SN o, BEARLRIGICHE
TREEETA - ALEITFESIIHN TS, 77 EVH, ¥ FADOMER R
Foontt.

HIMTIE, =% 7 —N86 mmol/keDPFEEN~DBEH 5 1% L T, FAD
28.5 umol/kg, 285 mmol/kgR T 570 pmol/ke%k ENEFNHFRHK G L KL,
£RXF A —F —DEBRFADOFELEBICHIE L THH SN Z s, FADD
MR CHSBEEENZEOONTL. T2, FEEOREBEOUV LD
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LT, FRBGFO 75 EVBODBAICELBF I Ly FUTO ATPERERD
ETHAADON, FAD KLOMAEBOUVLEDELT, 77 EYDREHIC X
BRFI by FU T OATPERBEEOETOMHITRE S LI

AT, VRO IO —AilkDbTH 7 —ADin vitroTOR
IS TIREBBLEIESEAL, 27 YALERFRY FADDEM
BIHm L cHRiEnI Lo, BEARCKIENTLHEIL, =5/ -1 D
RBICHESEEBRO,, HOODERILHRT I I VHILRIEDESFTDHZ
EBBHONI. X6, FADEHO-DRIE(ESGRBO 6N, RIEDEF FADR
CHO-D W FNH BB L2 &nd, FADD RE BRI I 3 5 HH %
BELT, HHEEBRS VILOHBMREMALIRREINIL. bbb, =48/ —
NMEI 70y —ATORBICELT 0, R HO-2 4K LT, 7 ¥V H ARG
LY EEBBAKIEYFEE T H A28 TD | Fig iR Lz & 51T,
FADIZAER L 22H0- L RIEL T/ 27" InNs A VY 704 Iy BOBEEPICH
®Y, NEZOBBEOFEENF-> T2, FEEABILIKE 2 HH TS &
Ezont.

BhoZénro, GHETLA-LEFBREORLEEBROV DL LT, &
MBEREODTWH - WEIESTIBEREHOETICLY, IRAOEHEEER
BENAEALC, MESBLERIEATTHESINDIHTESLSH Y, TOREAE
ERIEDTLHECHETIHBEEOREL, 77 € VB, I FADODR 5 K
ERBCHELTHHINS I EARED LN, Tz, FAD WL Z2HHEFERO
BEOUVELDLLT, 29 /- LDOERGITEDFI by FUTO ATPER
EHEDE T, FAD OfEEIHIELTHHENLZIEnd, 758528
BLT, MEHD 77 EBOFARED I >y PV T7Oxx 0¥ —ELE
DETEHAFT LI &ITEY, FIBLEREEOETAHE L Y, #f
NOEEBRRBEEO LR MBI LER, BEABLMIEOTLELMHE S
TEBNTBEN. 73 EVEUEFEROBCERSINES, 24BN T—E
RFETMAKDBREINTHOIFMBEAICINYAZN T FAIN® FADIKFH&ER&EN

*._24 J—



8L F ot KIEMHOKE FADPFMNIZHMERE2ZES LI W2, KBS
BREC MK I NCTHMERICRYAENh, TL-BLETHMKIEEN
FRRYVAENDZ EBAONTNE*Y . ZONRORKBEOERTIE7 7 &
YHRIRNRL 5 TH, in vivoRY in vitroR TOHBRICEHERENRE
oot Ebnd. LhL, EFTCRHEDLD FADB 77 €Y 3B pT
BOEHE 120, £END 75 v BEEBKED FADL2H#BERL T D
DTHEY, iz, FEED7 5 RKBHH FADE LTHELELY, =
5B RS LTHECR FASEECRS T 5oL EL 6N, L
LFFBiT O TBARSEOZEE ., FEED 7 A -4~ ThHIFER, MEH
DOCOTRUGPTHEENEFH t DMCHELEBEE LSRNk~ o b,
SBHTALI-AEFEEOREIE, FRFOBFEABILKRIEDTTLEUMNIC
fOERIASTINEELHDILEDND.

R R R
| | [ H
o N N0 +H CHa. . 0 +H CHi_~# N. N O
BSOS GOOTERNGE$’
Z N x
— CH —_ )
CH: N I T 5 Ny Y T CHs y T
Riboflavin{pH7.0) Neutral flavosemiquinone(pH7.0) 1,5-dihydroflavin(pH7.0)
(580nm) l.QH(QE)
t
CHi A A N0
'
Hio
OH
( 0-0H)

Fig.10. Tentative Mechanism of Riboflavin Scavenging Oxygen Radicals



EBR O

] 28— NOFEIZLBERT A —DFH

(1) 8%

ddY Rt v 2 (KRAERTHY) 684 | H4KE LTRRICHEAL
. 1 BEPHETR, 0~60% O ¥/ —LBERERENEN 10 ni/kg (0~
103.2 mmol/kg) % HEPEMICHEKE Lz, HEFOBERUKSHIIEAL,
B5HRM B ICEFaK, BRL THFEe®mE L. mEEIHEE K-
TmE4 PR L, FFEidTaniguchi D HESD > THY A4 +Y — L&
rABRLULTC,. ENEFNERER L L.

(2) "7 A—4%—-DOWME

&S DTBARSE |4 Taniguchi o D FBEY T > THE L2, FFEF D 7
76V dVagiDHE®EEO TR - TR L, HPLCTHBE - EE L7227 . FEH
DGSHKR FGSSGE L Hissinb D HES®, SODEME = b T —F h5 VY
Y LARITTHEY *Y, catalaself ¥ ldBeers© N EE Y, GSH-PxiE ¥ 4 Lawre-
nceb DHEY, CREEMEIZPintob DY, G-6-PDIHE M (XKornbergb D
BT ENENBEL. OEPD GOTRUGPTHEEIZ VTN HRE
Fy bE2FERALTHE L. BT OEAESEE Lowryb DA EI TR,
vUMBETATI v AEEEABE L THELL. MEMEI, student’s t-

test THRE L 712

2 77y 3BOMEAGRED LK

(1) 8%

ddY Rt~ 2 (HREREY) 6 BS L 1 HO6LE L TERRICHHL
72. RF, FNNRUFADIZWENY 19 nM KERE LTHB L. 1BRTH
FEH, [FRCNVEICIERF, THROVECIIFNN, TRRUVIEIILFAD
WENBH10 mi/kg (0.19 mmol/keg) % 3 ARGEME L CHBMETICHEEL, B
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KESO ISHPRICIE, IRAUVNIFCITAEREK 10 nl/kg, VEE, V
BRUVIBIZIEN% ¥ 27— 10 nl/kg (86 mmol/ke) # FNFNIEEEHIC
BHE L. SHBEBECR77EVERFY 7 -LORbY 1T, 2BAEKS
EFNEFNI0 ni/kgd O2HYG Lz, 772 EVYEHOESA6BERMR TS, — 0
NDEERIIERL, =4/ —LORGRUBME ICELE, B L CHE:
WML, BEBRSOFE T - (1) LRRCT-12.

(2) N7 A—¥4 —DWE

BT A—F—OHEE] — (2) & AT,

3 73EVTFaVvYRILAF FONHESREOESEEKES

(1) 8%

ddY RtE = v 2 (RREREBY) 6844 1 RFAEE L CEHRISHERL
. | BRETHERTR, [BRXUCNVE (low dose) IiX 9.5 umol/kg, &
BV H (medium dose) (21395 pmol/kg, MBE KU VIEE (high dose) Tk
190 pmol/kgDFAD%Z, £N N 3 HEKE L THERTRES L. 55
BlIWTNG 0.2 nl/v v REBDEDICAELIL. SBERF Y 2 —0
BHMBESHICE, FADORDL Y ICABEAEK 0.2 nl 2 HBETICHS L.
ERERSFOI®RIITY /- BHESE, VB, VERUFVIBECS0% T4
7 =110 ml/kg (86.0 mmol/kg) % MEMEPICH S L1z, *MRBE, 18, I8
BUMBZETY /7 —LOROYICEEREKI.2 nld EENICES L.
FAD DGR 6EMRUF Y / — L0 EBRIEKEEAL, T4 /7 —LDEE5E
AR B C R, BRLTHFBsWME L. BREKOFAMEI 1 - (1)
ERERICFT - 1.

(2) R 2—4 —DHRE

BNRNZ A —OHEEIZ] - (2) AR 12. FI b2y FUTO
ATPAETEM L, Chanceb D HE 'O ICHE L TUTOLSCHMELR. BR %
BT U SEBER (225 nM mannitol, 75 mM > = &, 10 mM KCI, 20



mM Tris-#8, 3 oM Tris-Y Y8, 0.1 nM EDTA, 5 mM Tris-2 7 B,
5mM Tris-Z A% I VYEBE&EHR, pH 7.4) 1.0 nl 237T°CORKELHEEL THR
BLEBEREERtLCAN, £HARKICEELLZI Py FUT0.2 mg
protein #HEML T, 4P MES L CBEEBREOBRVELUELL. 478
IZ ADP 5.85 pmol %ML, E6R 4OMER L CHEFBROBRIE L ME
LT, ADP/OLb & HH L1,

4 x4 /7 —nDin vitroRFHTH S HHEARBLRIEKHE TS 7787 F
ZY VR LAF FOMEZIR

(1) wv A I 70y —bspEORHY

ddY RitEvv 2 (KEERDY) ¢+ L BHEH (A VTV S LERMF)
CHREL, SHESRICHEE, FE40.25 MY a EEBECERLC] e 5
RUZ. 2NIK0.25 MY a BB ImldMATCT 70 v hEPF 4 F—T
10% FEY A~ bERFRL, RZEE T ICL) I 70V~ LARHE% T H
L. 370y - bnEOEEAESE I Loty DHFEPIZH- T, v vill
BTA7 I % BEERAEL LTHEL ..

(2) 70y — g EEBLKIE S

0.1 MUBHIY Y oBEK (ol 7.4) 1T, MBE—KT7 v E= 7 £0.26
pmol (HEWEE0.26 mM) , NADPH | gmol, BRI 7wV — saf@E0~400 rg
proteinZ MA TL&E [.0nl& L, 37CORKBFTHHEAS v F 23— 5
it RIGKTH, TBA- TCA - HCL B¥ (0.375% - 15% - 0.25 M) 2.0
mlEFMATCRIGE®EIEL, 2% BIT/2 % 7 —ABKO. L nizMA DL, ¥
WABERTISHHMALL. MBRTHRAREL*BKIBLCER T TAHAR
L, Z2RTTL,000 xg, [0PRELTHEEL 72 EFITOWVT, 535 nmO KRR
% ME L TTBARSO A E L L1z,

(3) BEBBLERECKNTEIs / ~AOBEMOEE

370V - L EDORME %200 tg proteind L7124 ~ (2) ORIEFRIT,
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4 2 —n0~1.4 pmol (KEE 0~1.4 nM) % I 7 0V — L3 EHDEINH]
KEHEMLT, 4 (2) OBFCTBARSOERELIEL 2.

(4) BEABIERBICHET D7 VA LVBRAOKMOEE

¥ —AOHEMEEZ].05 ol (BEE 1.05 mM) &LIz4 - (3) D
RIEH, SOD 0~10 unit XIE catalase 0~15 unit # =% / — L DEHEM
gicEmL T, 4— (2) O#EfET TBARSOAEREXZRME L. F/2, SOD
B Ucatalase® b 0 IZ FAD 0~6.0 nmol (K #PEO~6.0 tM) 2 x4 / —
ALORMBCHEML T, MBI TBARSOAEREZME L. 77272 LT
T =L ERMLAZVKRIERIC SOD, catalaseX i3 FAD% # N FHLBREH
WKEHML T, FEBICTBARSO A ERHEL 2.

(5) BMEAMARIEKNTLIVILERAL 75 E Y HOABBRO K

B

4 - (4) ORIGRIT, 7V HL@RAE UTFAD, RF, FMN, B,-But, IR
B, mannitol X7 Vit bV v akEn£FNn 6.0 uM, SOD 5 unit Xi
catalase 15 unit®%WEFN BT &/ — L OHEMFREMLT, 4 - (2) O
BIFCTBARSOAERE X RE L /2.

(6 ) PNDMAEE'° 1Dz L B HO- O JIE

0.1 MU > EsE®E# (pH 7.4) T EDTA 0.3 gmol RU EEEILKEK0O~0.1
pmol% ANA , £&E2.3 nlICHEAEL THEBL, TCIR- R KEHOER
TARLY —ICAN, 0.05%HME KT T =7 LK 100 L1RT 0.15
mg/ml PNDMAZW 100 #l (=0.1 gmol) #MA T2E 2.5 ml& L, 440 nmiZ
BUAREEDOED 0D MBS HEL 1.

(7)) PNDMARRIZ X § HFADDIRINDO Y B
BELKROBMEL0.] umol2 L1724 — (5) ORIEFKIC, FAD 0~0.6
pmol % @EEIEKEOHEMACHEML T, 440 anil BT 2R HEEDHED % B
ELl. 772272 LT, BEBALKEOLD D IZEEKEEML 12 BRI
FAD 0~0.6 amol% gL, 440 mmiCE T DR EE 2 HE L 12



(8) HO+ & DRIRIT & B FADD 53 18 O B 3

0.1 MY > & &% (pH 7.4) (TEDTA 0.3 pmol KX UFFAD 0.6 pmol#% MDA,
LE2I nlICHEBL CHERE, SICTE-> I XREHOER LKL & —
AN, 0.017% BB KE 0~100 g1 (0~0.5 pmol) RU0.05% MBEE —
BT 2TV LABKI plEMA TE2E2.5 nle L, 448 anil BT3B KE
DWW % 2 7 EEERICHE L7z,

5 HE-#R

RF, B,-But, PNDMA, 7" v i 7 AL 7 3 Y BEFAKITEYE, FAFv 2
—J) M, xanthine, xanthine oxidase, NV 22— 2Z 6-Y 8, catalase,
GR, SOD, ADP (Sigma#t, NADPH, NADP 3 A VU = v ¥ L BERF T ¥%, &%
LARKBR=ZZRHLER, TOMOALITEMETCER L LI NENMFEHL
fo. i, HKEEIZELU-20008, #IEKEIIEHE 2038, £(LER
BHRANEREIIHETE T LEND-10008, HPLC (& H SZD-60008 K ~ 7,
HiZD-4000& R th3:, HZD-2500B 77—y MBEE %, TN ENFR L.
HPLCH 2 i HAE 7 o< b TH¥8Diasil/5C, % FH L 1.



#oE PV OUEEBOIn vitroTOREBHCH S IEEREELRIE
R HYAR7 70y FBHEEOAFHE

HE N 0 eEHO TCER, TAMOEML L THEOME, 2ERM
REDREESE, I —OBI 74, BRIA V¥R 9y h—DHFERE
RIESERIN TV 102100, HECHRE:, MEMREASOSkSHE
R, BOHE5IZ LD B6C FFIv Y R TCOFBEIORE Y EREDHOLNTSE
D, BF, T KPHFRKRE~NODFRPEFT LI ENS, REFHE
MEELTEEEN TS Y . BRENRUBEMICERIIBALLZER
BARIE, " HPRIRECBOLTEIFIPCHBEHEIN DL, I3 EL L THEE
T, FEBERBLZTTRPIIREY L THHZIND . —BRICHFEEBX
DHEARTHOEREL, tOEREE,»ORFEKTRL A E (, TCE ORth{
HYBEOBRIEELCEH SN AHENLEEBIHLRML, FEER
FOMOERRBFAAC S THEHEFIZEN®Y | TCE BBV HEREE RS,
FOBURBERCEEARLKEOEY T e agFINTEY OO,
Fig . 1JITR L& 5, Larson® 07" o8 ITCERFRD F + 7 u — AP-450
FRCRBENIHER, P 7 ool (TCA 06 Y7 v o Bl (DCA) % &
T ICAZ VARLRUEDRALAF I ALERY, TN6GDT7 U -5 D
VBB EABICRICEZFETDILLERTN .

AETIH, TCEOEFILIFBEORE AT IREBRILRIENES,
BUEZNIHT 77y HONMEBDRERFILIENT, FIiszuy -2
TOHTCAD in vitroTHORBITH S HEBMIERIER U FERERNRDCAZ ¥ N
NOERBEIGIEX TS, 2V ILERARTIR7 7 € FBHEEOIMH R
26, TCA ORBICHS IHEBBLLRICDITEDERE, RU FADIT L 5 H
HREEOBRBE BN LD



cl, cl Cl . !
=C CI-C-COOH —>— -E-COOH
] s 1 CyLP-450

Cl H Cl NADPH ]
TCE TCA H- abstraction
Cl o, Cl . G
»00-C-COOH ~—~— - C-COOH ~——— H-C-COOH
H H NaorH  Cl
DCA peroxylradical DCA radical DCA

Fig.11. Metabolic Scheme of TCE!®7’ 108
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wmlE 70V LA0REARERICIERIZITCAODEMD ZE

FFI7ay—-Ailkdin vitroTOREBRBILEINIL, BEREOE R
ER, TCAOBMES 40 eMF TIRIEMBCHIE L THX L. —J, WA
MELZI7aY - (3 ALEZRIERTE, BEBREOBIIEDNY
otz (Fig.12) .

x
& 35
Y [y

N

Oxygen uptake (M/s)

o

o 1 2 3 4 5
TCA (pMV)

Fig.]12. Changes of Oxygen Uptake by the Metabolism of TCA in Microsome

Reaction mixture contained (.1 M potassium phosphate buffer
(pH 7.4), 26.6 uM of ferrous ammonium sulfate, 1.0 gmol of NADPH,
0~50 #M of TCA and 200 fg of microsomal protein. Final volume
was 1.0 ml.



WO JREABLEIEICHT LI HLERARFY R 78
FEEOBRMDEE

TCAOBHMEZ 30 sME L8 | iDRERBLERIER TR, FHEBRED
WAHEE L, mannitol, KEE, FADRUB,-ButZN £N6 tME TOEMTIL,
WFNOBESHEMEICH I L TEHECAMMENIA, RF 6 tME TOKRM
TRIFLACHHEN R -1z (Fig.13) -

x10° x10°
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Fig.13. Inhibitory Effects of Radical Scavengers and Flavins on the Lipid
Peroxidation by the Metabolism of TCA

Reaction mixture contained (.1 M potassium phosphate buffer
(pH 7.4), 26.0 M of ferrous ammonium sulfate, 1.0 #mol of NADPH,
200 1tg of microsomal protein and 0~6 uM of uric acid(Q), manni-
tol(@®), B,-But(A), FAD(A) or RF(M). Final volume was 1.0 ml.



I BREMABEINCN T LEEBRREEERORNOEE

TCAOTEMmME% 30 aME LB 1 HOBEABLKIERTIL, BEBRED
BAEREIL, SOD 10 unitfr Ucatalase 100 unitE TOWMTIE, WFho
FHvlRELALHAIN LS -2 (Fig.14) .

10° x10®
3 X 3
Q A
=
: 2 - A—N\ 2 — \
=
8
g
§’ 1} 1
5
ot 0
0 5 10 0 50 100
SOD (unit) Catalase (unit)

Fig.14. Inhibitory Effects of SOD and Catalase on the Lipid Peroxidation
by the Metabolism of TCA

Reaction mixture contained 0.] M potassium phosphate buffer
(pH 7.4), 26.6 uM of ferrous ammonium sulfate, 1.0 imol of NADPH,
0~50 uM of TCA, 200 g of microsomal protein and 0~10 unit of
SODCA) or 0~100 unit of catalase(A). Final volume was 1.0 ml.



®AH DCAOFEERM 7 ¥ H LKL

5 < H N BBFIAPEE BV 72 DCAOSEBRIIR 5 ¥ N AMERIE T, BR
WU HEE 12, AAPHOBHRMNE 350 eM F TIHEMEICHE L THA LK (Fig.
15 .

APHO BRINTE#50 pM & L7z DCAOFFERBOL 7 VA AMERIETIZ, KRR
% ILEE S [dmannitol RURBENFN 6 pME TORM T, WEFNRHED
BISE L THEZICETF L (Fig.16,A) . /2, FADRU B,-ButZn &N
6 tMETOHEMTE, WINDIHRMECHIG LU THEFIET LA, RF6

IMETOHRMTIRITLEASETERED N R > 72 (Fig.16,B) .

x10°

£}
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N

Oxygen uptake (M/s)

0 10 20 30 40 50
AAPH (pM)

Fig.15. Increase of Oxygen Uptake by the Addition of AAPH

Reaction mixture contained 1 nM DCA in (.1 M potassium phosphaie
buffer(pH 7.4) and ()~50 pM of AAPH.
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Fig.]6. Inhibitory Effects of Radical Scavengers and Flavins on the Non-
enzymic DCA Radical Production

Reaction mixture contained | oM DCA in 0.1 M potassium phosphate

buffer(pH 7.4), 50 pM of AAPH and 0~6 uM of uric acid(Q), mannitol
(@), B:-But(A), FAD(A) or RF(H). Final volume was 1.0 ml.



FOH AEDELD

TCEORBICH S IMEBBROKICOTNEL £OBME, RUINITH S DHRF
FEHEOHNHGR L ZOBERBIIOVT, BREBEZ AV Zin vitroD ER %
T TR LI

BlHTlR, FI70Y— 6T TCAORSBICH S IEE MBS 2TCA
ODHEMEICHBE L THMUIZ s, TCER L 5 IREARMILMIGIEFig. 1]
IZR LzLarson b DB 100 TS Z e BB LN

HOMTIZ, FI 7oV —ALTh TCAORBICH S BEABBLERELS Y
HABEF Onamnitol RURBOEMTHHEEINIZZ Enb, ZOREAE
ERIBICHT D7 VHALRILOBEERBO NI, 12, TOREABK
IEHREBEER S KBHEDOY R 7 7 € v FEJEETHHE N, RFTIRIZEA LT
HEnh-ooleho, 770 YBHITLODMHAPRICIT, EFRLI7 Y —~
STHMLLEDEMELAKECEET LI L ATBOONI. T, FAD & D
BRERKENEEZLONBDCAT VO ABTCADRBICE > TEK L, RE
BB CHES Lz BELON. $1, ROFELHNHBHEELRL 128,
~Butld, DCAZ Y AL RDCARA A F VI I AN L & BT, BABEILS O h
LEBRELTMEBIBRER LIcEEAONTI. 6B, ButifBBHETH D
e, 1ru/ —LEEEBBLTY Y - VAN EBELLTESRELH D L
Zioni.

BIFMTIL, TCA ORBITH S IREABRILEILY, BEBEOTH - Bk
BEKTHD SODRUcatalaseDHTEMTIE, 7 VA LBRACENTHTML
rAHE Nl e, TORBEABAMIIEEIEEBRIZIITI LAY
MELowZ tnZEovoni.

BAMTIE, KBHES CHLRHBAOAPHIC L 2EBERNL DCAZ Y H
DERRIET, AAPHORMB TG L THRRBRIEELANELZZ 06,

H—R Yy 7=V HANTHD ATV HADBERLIZBES, TAHADOHNH
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REFRFOBEDFFLERIELT DCANAAF VI VDA ERT DI PR
Hoit. £, BERNEEXnamitol LIEREOHRMEIZWIE L CET
LizZedms, N7 YALEEAZVINS DCAZ VAL EHELT
MESBILRIEZHHE LI BBOONI. 6K, 75V EOGME
KHIEL THBEARNEENETHLEDONILZ s, Z772EVEHI I VD
MERAEFERIT DCAZ VAL EBEL T, BRESBLERE+AFH L&
BREHDONT. By-Buth I AKEZLMBEYDRERLIDOIE, DCA 2V
DEFMERRLRKEZVIHTHD, EHLITEBRETHIIZHI 70 — Ll
RADEBERMO 7 7 €V HICEATHREOREV LD EEZ LN
BHEnZ o, TCE BABMENCICAL 2 dH, EOITCARRHEINL
FERDCAS CHAPICARAMAF SIS AANED 7 ) -5 T HLEE LT
R BREARLCRILELEL T, FEELRETIEEALND .
LT, UAKR7 7 €V FEME, BICEBE Y 72 £ >0 B,-But X RE B
REC, ICAZ Y AN 2R L CHERRLREOBEBEZMHE T & & b7,
BELEE CHLERBRLUTS VHAEHERIENEH L, BEARLKE
DpropagationZ WM $25 2 & LY, BEBRAEKEDTLEICERET 5 TCE
DIFEENRE*MH T IUEERDILELOND.



S 498

| =v 201279 —AsEORE

ddy R#tE~< v 2 (KR ERBY) 2 ¥BHEM (XY 2 7 LBRMF)
TRELNL. SHEHSRCANMAEKCHBELERBEHBHLT | e 7ML,
0.25 MY =2 BEBHK I nlzaMATI0%REYRA—PEFERLIZ. 2% (0°C
T9,000 xg, 207MFLDHE L EFE XL, E51X0°CT 105,000 xg,
BORIEODHEL THEIZNL Yy b 0.20 MY 2 BHBK 10 alllBRE®, ¥
U0 cTl05,000 xg, 60 REELSBELI. oLy bx 0.1l MU ¥
BHU T LBEEE (pH7.4) KREBL, COBRBRY V7 RAFI/Z7uy -4
SEELTERBRICEMLLZ. FRESGEU Y VBT AL 7 L Y4 BREOHR

CHWT, Lowryb D FED IR > THIEL I

2 FFirzey—oanfBHBABRLRE® >

JICHBAKEERL TARRBLAABREBA L (FF] nl) T, BRE+ 8
RS L1201 MU YEH Y Y bl (pl 7.4) , GiBE—87 > F=v 4
26.0 nmol (REE26.0 2M) , NADPH 1.0 umol, TCA 0~50 nmol (KHEEQ
~50 pM) RU 3 72V -6 200 pg protein& MNA T4 EL.0 nl& L,
BEEBLERL T, S0HMEREL TBFBEROMIELHNELL. 75
e LT, mEm®E (100°C, 10 2/ Loy —npg@EzANT, H
RIIBHEBROBALELREL /2.

3 HEHABARKEIH T2 VHOLBEARF 7 7 EVEORNOKE
TCA DHEMES30 tM & L 2DRIGHRIZ, 3709V — A5EOEHIMNET
mannitol, GREE, B,-But, FADMILRF 0~6.0 pM, SOD 0~10 unit Xitca-
talase 0~100 mitx TN EFNEEHIHENL T, 20BETEHEBREDOR
PRERELI. 77372 LT, TCA 2GMULECVKRERIIE S S HAH
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BALIZ 77 v EHEAFNEFNEBEHOIRENL T, AHBRCBEEBRXOBIE
PREL.

4 FYHABRBRAIC L AICADFEBERAR Z ¥ H ML RIG
VCHBAZ#BRLCRELBREEA L (Bl nl) 1T, BEEM
fL7l oM DCA/O.1 MY YBEA Y v A @HEK (pH 7.4) 1.0 mlx AL, 7
T A NBERA & L TAAPH 0~5X1072 pmol (KBE0~50 pM) # BREMYICER
mL, BEREBL2EREL T, DOMHER L CTEEEROBLELREL 12.
AAPHOFRINE %50 pM& Lo FROKIERIC, JLEBERLD LK
FUHMLBRANI 72 EvEABENLT, 208 CHEEBRONLES

HWEL .

o HAE-H#H

TCA, DCA, AAPHIZFIEMETER L+ FNENFALL:. 2OMORAERY
BRUFIEBLRZKZOBDOEFHLL.
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MI3E BMEREBBEILLDVRZZ2EyOZ YV HIALBREHEOKES

HEEICHTAESER - 7V -9V HLOEERBEEBEOVEDE LT,
BEABARIEFETLIILnHoN TV 1YY . —7, £46RTOHEE
LIREOERE ENCHS BIHFORECH LT, RESANHEBCHERST S Z
EBWEIN TV R U ND | REAEBRILIEE I CALD T Y -5 VR
MR TORREELE I SAEESEHMIN T 27082118 | F g
EIBERUVE2EOEREIOY, 72 VEOEEBRECERILEELOR
EEBRBEIN TV D.

HIECHHBERBYRFOFAD, L 2ETIZT 27T LERFOB,-Butil 24T,
ENZNOREBELCRICICE T 2HEBRL ZOBELBRFT Loy, K&
TR77EY 3OS bRLBEHBENKEL, IHEABEIRL ATV
o, FLEEKBBTHLIAVTuXFY Yy RIEARTIEELOLONDE 7 S
EYBOSVHLEREE 2B TLIHNTRFAFEAL, KBEERUBER
DS CHLBBBRFIZIED I 2ARY /) —ABDin vitroTO@EELKIE Y
MV LMERE, BREBEILDODNEFRTOBHEBEOBA B
DORELTHRIL, &6, HBEEY I v LTREBBAERISICIHT
HMHEFABMONT VD @ -TocD F VA NHERIEME & B L o120

FLIE KEEZVUHLEBRIICLD Y 2 — L BOEEELBRIC
N3 DYUR7SE L OMEER

1 KBES CHLBMBAIIC LD Y 7 — L BEOBEE LRI

BHLIRIEART, SDS T2t Lol /2 —ABEKEEY S LK
FIMPHTHABIL L BEOBEREROBAIBER, V) —LB~OBER DA
HABRBELLSE, §FMTHO.06 M TH D, SUIGERT S I3 AW I 5



Lt (Fig 1) -
2 U/ LBOBBILKIEICRTIVR7IEYORMOYE
AAPHIZ LB Y 2 — A BOBBILKE R ICRF 4 BRI L 1258, B
BmEORESIDE TN, DHHBEIRFORNEOBAIIHIE L THARICH
KLt (Fig.18) . F1z, MIEBEFORFIIREFMICH A L, RFOBER T
SHHHMOR T REBBALEIROMBNED oz (Fig.17) . #HEGM
BOBFERNEER, RFFEMLEVBELIZEE L1,
U/~w@(w)Wﬁﬂm&muuTwiﬁwﬁﬁTé.

HEEBHEEIE (initiation)

A-N=N-A (7 VAL &) —>= (l1-e) A-A + 2eA- + N, (D
A+ + 0, —= AQO- 2
AGOs + LH + 0, ——= AGOH + LOO- 3

S &M (propagation)

LOO. + LK k:~ LOOY + L- 4
L« + 0, — L0O- (5
APE - FE (termination)
il R PR AL R
2L00s —= F I T HAEY 6

LA (IH) b HEE

kinh
L00- + 1H — LOOH + [- N
LOOs + [« —= FESFS I HNLEY (8)

HBFEr O, BEYMPOBREEE (Riv,) =1.1X107' M/s, #H$
BRI LU R (R) =1.7x107% M/s, RFOMBEEF L FEETH (k,,,) & &#
FHREEREEH (k,) Ot (kiaw/k,) =1.5X%10° EXRDHLN, U~
LEED k,=1.0X10* M 7's™' 2640, ki, =1.5X10° M 's"' & EHEN
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Fig.17. Rates of Oxygen Uptake and Riboflavin Decay in the Oxidation
of Linoleic Acid with AAPH
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Fig.18. Plot of Induction Period against [IH] / [AAPH] in the Oxidation
of Linoleic Acid Micelle in SDS Aqueous Dispersion



O BB VALRBBAIICLSY / — L BOBBAL IR
T HUE7 7y OHEEHR

1 FBEHE CHLERAC LD Y /) - L BOERBLKIE

SDS TI ALl / —AEEERENEZ O I L BMRBIAMNT A8/ L 12
BENBREBROBLER, U/ - LB~ODBRRVAABICBRELIZBE,
BHMTHO.3 mMTH Y, ULKMPIZEARNCLT LI (Fig.19) .
2 U7 LBOBABILRIEIHTIVE7ZE>DEMOYE

AMVNIZ X DU 7 — A B OBBLIIERICRFZ BERICHRMUER, BF
BRSO WD 2SI X 4L, #0559 R R RF D I 00 B 00 B KU RIS L C LA 1 B
ALt (Fig.20) . &7z, RIEBRFORFISERRICHD L, RFOWERICH
SHHFHMOK T RUBERALRICOMKBED bz (Fig.19) . #HEIHRT
BOBKRRINEEIX, RFERFMLEVWBELIZRE Lo, RRERELS,
Rina=3.1X107"" M/s, Ri=4.3X107° M/s, RF @ ki.w/k,=1.2X10°

ERDOLI, SIS BERFEDOY 7 —LED k,=1.0X102 M~ 's"'H5

9 Kkiae=1.2X10° M7 isT'EEH I NI 118128
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ORF concentration{x10"*mol)
O.uptake(pmol)

Lt
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Time(min)
(a)RF none (b)RF 0.3nmol

Fig.19. Rates of Oxygen Uptake and Riboflavin Decay in the Oxidation
of Linoleic Acid with AMVN

200
(4
r
£
[
3
= 100 }
4
a
<
2
-
o
=
b~
£
0+
A 1 1
0 0.5 1.0

[H}/{AMVN] x10°

Fig.20. Plot of Induction Period against [IH] / [AMVN] in the Oxidation
of Linoleic Acid Micelle in SDS Aqueous Dispersion
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AMVNIZ £ 5 U 2 — LB BREAL UG R IT @ -Tock BREEMICEHDINL 12K R,
BEBRZOR A SN, HHHBMIL ¢ TocORMBOBAIZHIEL TH
Bl A L7z (Fig.2l) . EEHER»S, Ri,w=2.3x]07!'° M/s, R =
1.0%107'° M/s, kian/k,=1.5%10° ERD O, kian=1.5%X10°
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Fig.21. Plot of Induction Period against [IH] / [AMVN] in the Oxidation
of Linoleic Acid Micelle in SDS Aqueous Dispersion



A AKEDIZLH

73EVRO IV HINERERERF TOHEBM T, 778V IBPTHED
FBEEAKEL, ORI MEBDNEORFEFEHL T, TRE2OERER
MAPCHRTDIHEZAOND Z VHLBRER.L, S CHALBBRAIICLS 3
TARY /) —LBDin vitroTOBBIERICK A T 5MHS R+ BRETHE
TREL, a-TochH 7 Y HNHREWE & L.

FIHTI, KBE VHOLHRFAMPHAFEALLZBAD Y 7 - LB OA
BALRIECR § 5REOMHFAZR, KUY 7 —AEET VAL EDRIEIZ L BRF
DEEBBOONTI. T, RBERLVRDIR.LRUR 26, HHEIL
HE Bk, =1.5%X10°> M s ' EEHEN /.

2T, BEBEICHLMBAAMNLFERLZBEOY / —LBOE
LRSI T ARFOME R, RUEY 7 — LB VO L DRIIZ L BRF
DHEEBRDONT. T, RBRERIORDIZR.LRUR M6, HPEEIL
EETEHk.=1.2x10° M 's7 't EH I

HIMTIE, AMWN 2FALEBEDOY 7/ —LBOBBERIGIIN TS a-
TocOMBHRDOER L VKD IR W RUR DS, EFFEREZEHKk, =1.5x10°
M s ' EEHEANT.

BEDESIE, KIEBBPORFOBRLEBERERNOMBBMMOK T 8121Z
—ELIiZlho, REFOZ Y HAHREEENBED OGN0 F - RF
EHRMUIZHE, Riu BTk o8O FN G o -Tock HmAM LB A L I12I1ITSE
Lol eht, KERRETCEHRFO 7 VHAHREEIX o -Tock AR
EThHY, RF 159 Fdperoxyl radical 27 FeHRL-EELZOND I
1192128 S T, ALEHEOEENTORBITHE S BREARERKIGDO T #
KHLT, RFERU 77 E B, BBLEBEAEZ VHILEHBRL CUREAE
{ERIE DB R U propagationz MHEH L, MEBRBBILRIECER T 5 FEE
DRELMET DI TEDEEZONS. 1z, F]IED in vivoDHE
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EBR D

I KEBES CHABBBHIC LY 7 — LB @R RIS

in vitro TOVY 7 -~ LEBDOABLRIEIZPryor 5 D FHE I 1D IS T
UFT0 L5, BRERAGEMLAZH0 oM U v —LBEBE®K (0.5 M SDS/
0.0 MY »B@EHEHKE pH 7.4 | ml237TCORKA*TFERL THRBL-EBXE
BRAttL (BE]l ) KAN, =72 F v 725 -5 -THBLIL. INK
0.5 M AAPHAZBHKIO ptlxMA T, FHCEHLRLBRERHT, SoMER
LTHREBRROBAEBEYHIEL 1.

2 U/ LBOBBEREIEAETLIVR72EXORNOPE

1 DR REFRIC, AMPHOEMATICRE (35 pe/nlKEK'**) 0~25 nli &Hm
L72#, 0.5 M AAPHAKE®IO 2l2 &ML C, | DRIFTEHMERL TH
EBEOBRLVELREL, RFOMNEBRZMEL 2.

3 ZU—9VHALLORIEIREDVER7 Y DW¥D

DRKEHDO LA I ELRY 7 —LEES nl2 ANTITCHER AL KL
F—rh ML, RF (35 pe/ml KBE'*Y) 75 pl #&KMULULE, 0.5 M
AAPHK 30 plz &L T450 amOREE DO % § B RIESRAICHE L,
RIGEBEBRFORFOERFRH LRI BELHEL 2.

4 FREHZ CHAABBFICLDZY /L BO#ABEIR
| OFBREETAMPHOR D D IZ30 nM AMVN/ A ¥ 7 — L B¥K 10 pld %
LT, ABRCBFEROBIELREL /.

5 YU —-nrBOBBIEREICH T IRZIEYRYT a-ba7 20—
D&MD Y8



A DEHT, ANNNOEMATIZRE (3.5 ug/mlKEHE 2 ) 0~40 2l 2 &M
LT, BHEIRFOMBIBR2HE L1z, £, RFORD DV IZE M 2 -Toc/
T —HBEWO~00 plEHEML TRBSBILEBEETY, o-TocO#MIHBHR S

?ﬂﬂﬁ l/ f: .

6 ZU—FVAHALLEORIBIZLDUR 7 5y DRSS

DHHKEHDOLLIZIEALRY /-8 3 nld ANT 37°COER LK
MY - THBEL, RF (3.5 ge/ml KBEE' ) 120 pl &ML IE, 30
nM AMVNIEEHE30 1% HML T 450 nmD R IECE O BA & 8 2l 8 e A0 1< J &
L, RIEBERTORFOKERELHLELME L.

7T EHBEH®KEY
MEHPEORE (tiwn) 12 (1) KTHAON, n BHBLEH H BHE
T57 VA, RilIEHEHFBEE 273 .
tian=n [IH] /R, oY
7, WHEHHETOBRLEEE (R0 13 (2 XTHEien, () R
(2) K&y (3 RAnBoND.
Risv=k, [LH] Ri/nk,,» [1H] 2
Kiwn/ko= [LH] /tisuRiun €D
(3D KCHBERE [LH , RUF - P LD RDI2 ¢t LRURLERAL
T, kimn/k, TR L2, 0010, BMOk &V T, RF O #EEE FEEE
B (kian) #EH LI

3 M¥E- &%

R TEY, ZOMORFRINAMETER L ZNENEH L.
Th, EEFRBAHBRANEREIIRET T TE UD-10008, D XXEH 1T
HizU-20008 2« zn2nfEm L.
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AT FASLEY - ABRIEEREOERICK T S
UR75 DMz E

A TOBABEEOER:E TNRESEBFoORE TR LT, 77 €
HEOMENCIFEFR T EABREINTEY, 2OEAEHEIL, ABLIE
BOSRCHESTIBREENETOHS, RUBENLARLLIEELOK
S LB BBILIEBEODH - BALEZ OGN TV Bt 72-820 1122 113)
FA SN EY — LB (TBA) [2:BB{LA8H, malondialdehyde (MDA) , alke-
nal RV alkadienal® & FERRPICTILT D e BHoN T30, HET
BANGEBODELLL, REFXBVEOEANLS, 260G ERE
DEL LTI, —BAICFARLEY - LBRIGEDE (TBARS) {423 H
WHNTNSM28 |

KETIE, ABEHLORIGIC LY TBARS# 4K T 5 in vitroKEH 12D
WRFE# &ML I2BED, TBARS DAEFIIH T 5AHABRIS>VCHmHF L.
RGP TBARSIZTBAKE®Y TEE L, MWL DRI &L 5 KIGBH

FORFEOEAIZ, RFEALI 77 EEVvE KB CEEL THRHF LIS,

BIE FASNEY - LBRISEDEDERRIGICH T 5
UR7Z75 vy ORMOEE

2.4-Hexadienal & t-butyl hydroperoxide (t-BuOOH) & & RIGHiT & % TBA-
RSO AL, t-BuOOH 0.1 sig (=1 nmol) FTOHRMTIT, BIMEBEICHIEL
T A L1 (Fig.22) . Z @ TBARSOA4RIE, RF 6 nmol F TOHMTIL,

mmEICSE L THHE Nk (Fig.23) .
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Fig.22. TBARS Formation by the Reaction with 2,4-Hexadienal and
t-Butyl Hydroperoxide

Reaction mixture contained 25 pg of 2,4-hexadienal and
0~0.] omol of t-BuOOH.
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Fig.23. Reduction of the TBARS Formation by the Addition of Riboflavin

Reaction mixture contained (.5 nmol of t-BuOOH, 25 ug of 2,4-
hexadienal and 0~6 nmol of RF.
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29/ t-Butyl HyvdroperoxideD@INIZ L3 IGEBEF D
YR 77 €Y DB

2.,4-Hexadienal & t-BuOOH & D K iZ 1T 5 RSB ORFE X, t-BuQOH

0.2 nmol T TCOHMTIT, ZMBICHEL TEHA LI (Fig.24) .
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t-BuOOH Addition(x 10*mol)

Fig.24. Reduction of Riboflavin by the Addition of t-Buty! Hydroperoxide

Reaction mixture contained 25 g of 2,4-hexadienal, 6 nmol
of RF and 0~0.5 nmol of t-BuOOH.



H3IE AKBEOFLO®

BB AN §HRFOMHBHE L RN 45 HE T, 2,4-Hexadienal
& t-BuOOH & D JISIC & % in vitro T TBARSO 4 512 5t 4 A RFD M % &,
BRURIBICESRFOBA®BE L 2. RFEFEL ALK, 77y 38aqie
BHRBELAKELS, FLASELIRINDIVI L6, ERTHBEHICHREK
THHMAFFALBRN T LENTEMAL. |

8] M TIL, 2,4-hexadienal & t-BuOOH & D SLIGIC & 5 TBARSD 4= B A%, t-
BuOOHO MBS 3§25 Z &, RUFZ DTBARSD A B ARF O T & 1= B L
THHENL oo,

BOMTIE, TBARSOAERICH S RIGBERFTDORFOBA 18880 bt

BEnZ eho, RFIZHARMCEEEORERRE L DEERMNLRIEDOKEE,
BEODMEH > THUEBKBELHE - BRI bickprirrzrery,
EHEBRECLIIREARLRIG Y, HEAEOEKE'?Y, EBOBE
BIHRXTIBERORB MBI TL L TELLEALNS.

Fho, EHEBRBLORIBICLHDREOBAIC LY, RFRZENFEEIN LW
HEEAH DI 13D o TENBBENBRRTIEBEECKREORE LN
LT, REOEEITEY, EROBEFLX I LN DTEELREBI NI 1D,



EEDE

1 in vitroBRIGRDTBARSER G 27

2.4-Hexadienal (25 pg/mlt ¥ /7 — LK) | nliZt-BuOOH (0~2 rg/ml
ITH LK) S0 LIRS n-7 % 2 — 0] e A, HEKEBF 300
B L7, RIEETHRIZIEZBIIKEL, =7/ —LEaxMiAiTLE2 nllCHAE
L7ztk, 0.67% TBAEWK] mlz WA THEAKBS TIOMMEL 2. MAK
THEEZBECKAL, 535 m B B2RKELWEL TREREFERL 2.

2  TBARSE R IGICS ¢ ARFOFEIND 8

t-BuQOH ¥4 0.05 g (=0.5 nmol) & L1z 1 ORIEHRIZ, RF (0~
0.24 pwol/ml n-7% 7 — LK) 25 pl% &ML T, TBARS D4R E 4 JE
L7.

3 t-BuOOHIZ & b RISHER S DRFO A DEE*>

2,4-Hexadienal (25 pg/mlx % 7 — )L#EH) 1 mliZ RF (0.24 pg/ml n-7
g 7 — LB 25 ul R t-BuOOH (0~ pg/ml =% 7 — LK) 50 ul%
mi, BEAKBRT 02EMBLILOLELIIKE L. RIBEKIKL N
NaOH 2 ml 2 MA CERT CO0THHKITELBHALIZDL, FEEI.2 mIRU
gun LAl mldMATRE SHMEL, BRTT 2,000 rpm, 104 RE L
DEELIIOLKBEEY T AL -7 —TBRELRLZZ2ORLLABRDOWVWT, &
KB MUY A THKE, MEKEH THEKRZ4LI0 un, #EFEKES30 on
R BEZHEL 1.

2.4-Hexadienal I3 B ZU LA T ¥ %, t-BuOOH, 1,1,3.3-tetraethoxypropa-



neltSigmatt B, ZODMOAEKIIMNMET XU s ETNENFARAL. T2,
SY¥NEEE L BArU-20008, @ XEFIZET203B 4 ZnFEFN(EHL 2.
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KHXLT, FERUTOMAE%H.

FlETH, 3RTLI-LERBEORERBOUV L DI, =¥/~
DRBICHESERBE - 7V -7 VHLDER, RUEEHEBEEOIR -
FIEETOBRTHEHOBE TR L2REABLCREOTLE, RUFEHD 7
SEVRBROBAPILLIDIFI NI Y FUTO ATPAREEOETOBRELAZED
Git:. ZOREBBLRIEOTLHERT ATPEREEDETICHE TS HFE
EOREE, 77 E, BICFADDI Y 2 — L L OBAKSIC LY, BE
BEFHCHHE SN, FADOHBIFEANEO N/, T OFADIT L 2 MIHIF
AOBBELT, 72 vEHOBBILLDFI a3y FUToO ATPARENS
DETOMHEITLY, HBILERFEECETAMALER, MRNOESE
BREEOLAZHAGL T, REABLREEAHR T I LARBRENI.
5, FAD OREBBAKECH T2HGHEBRECLE, =7/ —LoR#@<
PoTERLEBEEBRI P HILEH TS FADORBRIFABLESTLEL
Lbihb.

B2BTIE, TCEKR LODFEENRERBOV L DI, TCAORBITHS 7
V- CHLDERRLAREABLRICOTENLES T 2THELED S
ntz. ¥, TORBEBBRERKICOERL LT, TCEORBEH TH 5TCAH &
LIRBMENIER, DCAZ VHLRUDCARNA A ¥ 3 CANEERT B Z
EORBENT. EHKR, TDin vitroCOREBBIERIES 7 CHL R D
Ry Py —RUVR7Z2EVYBEHEORMIT LY, DCAZ VAHALBHEREN
RERMHIN LG, TCEOFEEIRSTLIUR7 7 - BEEDOM
HHRDOUBELARR S NI,

FIETIE, in vitroRIGRT, KBERUEBEEEZ CHLEKBAKCLS
U — L BOABERIEC T ARFOMEBIRLS, ZNEFNOBEDORE
BBEEHRIE SR THORROBEHE LHEREER L KROONT.. T/, RFO 7



SHLBRIEMEIR, 7V L RREEEIEHTH D o -Tock IZITHEL , RF
1 GFBRAAF S ZVNNL2FFEHBRIDILEBFEDLONTI. E6HIT,
S CHNDERITAESRFOB A6, in vivo RTOFBHO 7 58 EOD
HA Bl OBRGRARBRINI.

FAETIE, RFPEEBRECEENCRIELER, BEHABLRIE %
METrEELRREEINI. o, ALY E ORI L HRFOBE P06,
in vivo TOREBBERECHSFEYTO 7SV BOBIBBENTRES

ni.

E P2 ECREPIRBSEIIELLFEHWELFLEL, £055, £ b
DENTEDRBICHE-> TERERE- 7V - VIV ERLTIFEELH
HITHH00H5. FRBEBLL->-TEELBRETHY, FEEOET I
EHBOEFEEEKRECEALL, BROCELEDIBAHD. EHHEK - 7Y
—ZVHNI L OHBENS (REERABARIDICHEST D1, HFE, BE
BB EDRBLOBRBE NI RDOOH Y, ABILEELS
CEMBER - 7V -2 P20 TIR, 4% & 510 in vitroRUin vivo
TOBRFBBEC L EBbND. 2, REFOLEYE, BLRESEDED
EUHREBELESEBE - 7U -7 VAL DBRIZ, (bkEHEOEK LMY
ExDETEELERATHY, £OEER L/ EBRNEFHETRES S & n
b, 5%, B2OREFREPHEC OV THRHF LTV LELH L EbNS
ARLTHTY /7 =L R TCEEDOWTHREFE LAY, =4 /7 —0Lize + 28
NToBanSENMLEHETHY, £, BEMLDDI LR Y, £2L0OM
Bbbd. £12, TCE HREFRYPHELLC, BFEEBINTVHHETH
D, BEBERILEHTHIErs, AV VRBROBES, HRBREMELO
BI#ESHHINT WS, —H, £ I vHIEIRRIrGRERL LTHBSIN
TWeh, RN TREZOHBEROREDSNIC, 2hBENEEHICEEL
BHIeHOILNBADONDOH D . RFRUFZDF#TH BFMN, FADIE,



RHENOERBERE L ORICHESin vitroTRED SN T WV, RRX T
y VR TCEORBICH S HEBMILRIGOTLHIC L 2 RKABFRED
RECHTOIMEDRE ZOHE, RURFO SV Hh L BREESBEDH NI
XHIZA8%IL, BERBRFRUE LT ZRTFAERFD 7 ¥ H A BRIEMIIC DV TRF
L, fEES 7 VHALMERECRIEITHLEBI DO TRHETILEN
HHLLEATVS. 77 EVERBABHREY I v ChY, 26~0AHNE
BURIIZBHEOREEA RV 0O, BRAXTEDONIRFO S P H L
REHI LY, 5%, BAEBECARLBFRICER S 2KEOTFHLERD
HELEATIILBHFECEDILEELLONS.
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AWFECH LEEE, ABEELB - L EERREHELERSHE WA
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T, APMROETLH LV KBABG N2 EHO - BEZBREHELERE
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