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ErZFLHE LI-FRMEYE. BREZETFRBRRELTIRATIER, 9740
LEERICEY . ERIRLX—ZEELTWD, £ FAFRTRY AALEERD 95%
UERS PV FITPOBFEERTHRAEATKIZETENSD, FzEZ00Y
—LTKEIEMERLS (1], FEREEDOEFICTARGBRSEERETREI=ER
KE CO2) THY. BERTU Y LABNCL Db TRIEHENMENE NS4
BEF->TLD, ThITHL T, KRIZRYRAFEN-BIRD 3~5% [&. KOKEIL
METETXTINGZVFRIAETHY . LY RECHEOFTUVEEEFRIE (reactive oxygen
species; ROS) &ME(EN 5 superoxide (027). @Ek{L/KF. hydroxyl radical (HO-).
BLU—EEER (‘0 &%3 [23],

ROS &, TOFREERAHLGVEREBIEICE THRMERICEAS LTE Y., F-Hka
FHORTRFLBILE. ERIZE>TEELREZE->TWVS, —A. ROSIIH
WREHEET S0, BCOMBOCERZRIE L THRAGKRBDSIEEHLADHIE
H5b [45], IBE. Bk, BE. 2NV ELREDZ L DEERBSIE, ROSIZEKY
BB CEEDHIEL EEZRITH EBENMET L, SoIZRERIZE>THFEL
CIBOWEENFEREINSZ LITH D, F-& AL, MRES D ST EafAERAE A ROS
[TEYBIEINh 5 & BEBBLERREHIE C TBRBILIEEN BN -BERT 51-0.
HRRBEOEBENEIL L TEOWEINMET TS (6], F=. BREVN\VEDT I/
BT EN ROS [T& UBMEMEME Z(1-158(C1%. BROFFMLFEEHENE
L% [4,5], 512, ROS IZ& YREBIEEDOEME L Uik, DNASHOUIE., H&
VY R—ZEEIOBIL ARG ENEL S [7]. £FHFHEBED ROS [T&LHEEITE
MOREBOEILGELEETHENREINTE Y., & ATHALBYOESHEE
[CBHPEELHBEESFTHAETILOVEN ROS EDRTIZEY HRENT-15
BICiE, BEOREBEDOETLZEERNLGELEATESIND I LICAS [8], D&
3% ROS [TLBERBAN~DHE., BEEUIIITHES ERFESDIFEL <HWLEL
[EBRIER FLRTEHSN TV D FRMEEMI D& S GEIEX FLRITH LT,
superoxide dismutase (SOD). catalase. & & U glutathione peroxidase (GPx) 7 &
? ROS ;BLEEFE. vitamin C, vitamin E. REEE &k U glutathione (GSH) % EDIES
FIERILME. ferritin > transferrin L EDEB/A o DF L— MME - TFEHIEEZ 2
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VERE, BAORBILHHRZESLENOHELLL. BREZERIRILT—DEE
[CFIATALEdIC. BRICLIEENCESZREL., EXEMLTHFLTERE [9
—15], LML, BROBRRAIZEKY. ROS NEEDFOHEERAULICEESNT-I5
&, HDHLEROS HEREIMET L-BEICIE, BRID ROS IZ&L 5 EXBS~DKRE
2k Y. BRAGHRENEESINDI L ELD,

FRERMIICIE. B DEEIZ ROS HEAETHEEZONT VD, HETIX, RIE.
TFULX—FE. BRE. Yavy. $REETL. s, RadExRE. REE, O
KA. BIREIL., MFRFESD. HILBEE. BRERLUVEL EDKREIZ, £KD ROS
HEBDETYPROS EEDTTEIC & 5:BF D ROS NERF-EMEMICESET ST
ERBALMEETNTINS [1,491012], EDTf-&. £ERHEZ~DRELAIZ BRI
ROS #HAELEY. $HBHULE ROS HEREZEE LY T HZEMNTENIL, ROS
AEETHEBEPHL. SHICRZOERERET S ENTETHLIEEA LGN
b, SOE3ETEMNDL, £ERTO ROS DERBLUFOBBEERHLMNCTDHE
XIS, LD “RBMEME" (T&YUHFEMIZ ROS £2HET A EICKHERY®
ERDBEN., BLOEBIZEVLWTHANTINS [4,8,10,11,14,15],

EEL. ERIIRRURBILEMENEEINTVSEEZAONAEROVEDEL
T. BBICEB L. BB, BELIIBECHAGEO—I (RERMHEE) L 3iaEE
D—&8 (Bl HBELCEERZERSL. ThEN L THEZIRATON 288ES
#FTH5 [16]. BEROEFBEIIHRE L BEOBMOMEZRE L YL DI LTHY.
BRIZHBICHELGTRTOREDEHRENS RIS, LML, BBEXZTOELS
PTG, BRZERET 58 R, REFHNY T LTHHEET S [16],
RIS RGM D . ROS FBEEITTRAECHBRICH L TLEXRGREEES+1L/-57
EEZoNBN. BEIE ROS OMEADKEZHHT IREEZH- TS EEXDS
h3 [17,18]. Thbhh, MEET ROS MEEShH I EITKY, B2MEDOE VAR
DEBLGHREREMESN D LIS [17], iEFE. FBEED ROS (Txd 2 BiffE
FAOEL LT, B0 ROS HEBFETHD SOD, catalase & U glutathione
reductase (GR) &, B L VESFREILMETHLES = > C, GSH EH TR
XTSI ENREShTILVS [17,18],

CORBMSIRAB LTS5 2 TR (HPE) EHIENDERIL. EHRFREHD

EEXREHELTLUINOHBAINTELELOTHSD, CNET HPE IZD0\TIE.
2



BETORRAEICHT DIMGEMER RERRER. AREER. 7 LILX—ERA,
M HEROEEINFIERL ENBE SN TS [19—23], 20 HPE OIHERR
BOLEFHEMEICOVTORBAIKTS TIREVLD, WThiIBEORERRICEHE
F-IXRERIC ROS 5T 51D THSH, LA L. HPE & SOD 4> catalase 7% &
ONBILBRZEALTLVEVI &AL, RALEHRREEEALETINEZS
BELTWATEEMENH S, HPE (X, CHAETOMRPLERMLZFHAOERNS, TOD
REMNTRITRE SN TVS LA > T BIER FLADEET HEBITHL T,
REGRBIEMEL LTHNRTSICENTESEEZONS, LML, HPE DBRIEX
FLRIZHT HHR. EHIUDES L UO/EABBICOWTEBALMZITATLVEL,
Z CTEEIXHPE O ROS HEMEAVCIEEBELL IZxHT 2iFIZR % in vitro THER
L[24,25], & I FDBEERMN invivo TEHBEN S 2 L 2L M LT=[26],
F1-. TORBILEEAS 08, FE. BLURETH I LI2& Y. HPE OHEkiL
MEELTOFRADOTRERZRLT-,
UTF. ChoDHRIZDONT S EITHIFTHRRT 3,



AXTIFLTOREZER L=

BSA  ;bovine serum albumin, D AETILT I (R UV BERIERDIREESR
1N7)

EDTA ; ethylenediamine tetraacetic acid, —fli€@1 4>+ L — &l

FAB-MS ; fast atom bombardment mass spectrometry. EE&5 1%

GOT  ; glutamic oxaloacetic transaminase, Z' /L2 = VEEA X H OB S5 R
T it—t (HEEOHEELLLIEFR)

GPT ; glutamic pyruvic transaminase, 7 JL 2 S VBEEILE VB NS VAT 25
—t€ (FEFEOHRIELLIBR)

GPx  ; glutathione peroxidase, J'ILA2 FA U RLFF L 5—E

GR ; glutathione reductase, JIL2 FX L F V22—

GSH  :reduced glutathione, EXE T ILEFH >

HO- . hydroxyl radical, £ k%335 AL

HPLC ; high performance liquid chromatography, BE&&  OI F IS5 7 4 —

MDA ; malondialdehyde, =R 7ILTE K

NADPH ; reduced nicotinamide adenine dinucleotide phosphate, #HExD—i&

NBT  ; nitro blue tetrazorium, = B JTIL—F kS VYL

NMR ; nucler magnetic resonance, #i4S 306

02~ - superoxide anion radical, XA—/\—#*% F
PAGE ; polyacrylamide gel electrophoresis, R 72 JJILT 2 FFILERKE)
Phe ; phenylalanine, 2 x=JLF7S5=2

HPE  ; humanplacentaextract, £ FRAETSEI 2 ITFXX

ROS : reactive oxygen species. EREF

SDS  ; sodium dodecy! sulfate, FFILEREET +') ™LA

SOD  ; superoxide dismutase, RA—/\—FF L FOXLE—F

TBA  ; thiobarbituric acid, FA4/\LE Y — LB

TBARS ; thiobarbituric acid reactive substances, F4/\ILEY—IILBERICEYME (B
LB ZEF M9 5 F548)

TCA  ; trichloroacetic acid. ~ 1) 4 O OFEE

TFA . trifluoroacetic acid. +!) 7JLA OFFER

Trp ; tryptophan, cYY T bT77Y

Tyr ; tyrosine, ¥R 2



F18E EMEETSEUV2ITXFAORELEEE

£4

‘E-lull:l

REME (LT IR HIIZHUVT ROS OB GHRRETH-H. ZLOEETFEMEMEZ
BLIENHMONTLVS [17,1827], E FEE TS U2 ITHX (HPE) (&, E M
BHRESR—+E2TIOF7—CERELE-OL, ELHELTEONLEFBENGTR
AP UPES S VEEOIEBREMEZRELEZIOTHY . ERRFEH LR
BHELTRALLOIATER,

HPE [ZERERMIZIX AR S S UEAMIRBAE X O 7 1 —BEHEDERDNE
[27]. FFREREE . BEYEE. SLUB+HREBFORE (28] [CALGN
THY. BRFPEFAEICRT HMFEER. MERRER. RREEA. 7 LL
X¥—M. BEFHROBENHEREZ R I I EABESATINVS [20—22
27,29,30], SN DERICES T2 EEEMME LTI LA EBHOMTIATOGENA,
MREERICO7ZLBNAEST S LiFBALHIESh TS [21,22], F&EIT HPE
Ain vitro THUVEHBREEEZNZTT L 22O, HPE IZEE SN S
EHMBEERALOMNICTHILIL.ROSHAEET HEADEEDFHCEKOKELZR
& LEZHPEDFIRELWSBRNMNOEERVLDTHSEEZAOND,

DESBERDT. BEIEIHPE @ in vivo IZE 1T 5BILEHZBELNIT ST
OIZ. KBETILELTIIRDRHI S/ —ILFEEEZAHV, ¥HRIZTE/—
LERO®/’ET S L. FFET GSH OFELE S VBRERILIEHEOEMARH NS, C
hix, T4/ —ILOKBHBIET ROS BNEREIN=ZLIZKEEDTHDHIEEZA LN
TW3 [1], FCTEEME., T8/ —ILIZE3FEEICNT S HPE ODREREL
f=

AETlE, HPE OREBELEHEIZ DT invitro 8 & W in vivo THRETL 1=,

%51 EiTIE, in vitro 12811 % HPE OIMBILEMOREKEFSE, L UBHMOMER
IEMELEDLHRIZDODNT, TAFLYAR—RE [31] BEUHRBEI TV [32] #H
WTHRETLT=,

F2HTHE. T2/ —NIZKYBERINDIMHEFESICNT S HPE #IR5OHE
[ZDWTHRE L= HEEDIREL LT . YIRAOKE. FEEL, MEP D glutamate
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—oxaloacetate transaminase (GOT) & & U glutamate —pyruvate transaminase (GPT)
FEHEEREL. F-, BIEX FLADEREL T, HigHho GSH &, HEHOF
FANEY—ILBERIEHEME (TBARS) &. FH A bV —ILHBEFOHBRILEERTH
% SOD. catalase. H& U GPxEEFNELAIE LT,

£ 18 invitroIZH11% HPE OHEkEEE

HPE @ in vitro IZE 1T 5 BRLER ZBAONTT B0, KRB/ IVESLUVTH
FUVR—REERAN. ROBEREH/T-

1. &I VE

HPE (X Fenton RIGTA L= HO (2 & 3 Y / —ILBEDBRRL R IG % REKRGEMIZHT
#lL7=. HPE 0.3 mg/ml OiFIERAIZ. MBIEES4I O THHELAIVED 03I MM
(0.13mg/ml) [TFAH L= (Fig. 1 (A),

2. THHX LY R—-R&

HPE [X Fenton RIETH L= HO-I2&k 5T F L R—RAD AR E REKRFHICH
#L1=c HPE 0.2 mg/iml O3 PhLMERERIEZ. BMOS CHILBRMETHD T
YZ h=IL®0.5mM (0.09mg/ml) ELXUEZZ>CD0.4mM (0.07 mg/ml) 1248
LHL7= (Fig.1(B),

E2H invivolZH 115 HPE OIEE{LES

in vivo IZ£11% HPE OMBILEEZALSMICT 518, YTHORDEMTE/ —IL
HEFETIVICEITHAE, HERH, A&+ O GSH 2. iR d TBARS 8. Mm
APD GOT B U GPT EFHE. YA FV—ILDEDORBIEERIMHEATEL,. X
DFERERT-.

1. FE. HEEL

HPE AR ERICT S / —ILEHRE L% (Group4) I8/ —LEMBER
6
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Fig. 1 Antioxidative effects of HPE. (A), Antioxidative effects of
HPE ( @ ), tocopherol ([ ] ) and ascorbic acid ( A ) on the conjugated
diene production by Fenton reaction. The rate of antioxidative activity at
the indicated final concentration is plotted as the reciprocal of the rate of
change at A,;,/min. Rates were measured from 0 to 1 min following the
addition of linoleic acid. (B), Antioxidative effects of HPE (@) ), mannitol
( ) and ascorbic acid ( /A ) on the MDA production by Fenton reaction.
MDA production was monitored by the measurement of absorbance at

535nm.



(Group 3) D, &V HPE Bk E5# (Group2) &a > ba—JLE (Group 1)
OFICIZ, REDHELEBEIEHSNGEMN o= (Table 1), —F, HFE&LL (KE
100 g H-YDKFES) (. T4/ —ILEHRREH (Group 3) Tlkaor rA—/LE

(Group1) &Y +1$915% XKL=, —A, HPERIE#H (Group4) &x4/—)L
BEmigE# (Group3) LOMICEERLGEEO onEm -1z (Table 1),

2. i+ o GSHE

FHigR ) GSH 81%. T4 / —LERF5# (Group 3) TlXa ¥ A—JLE (Group
1) O¥138% [TEB L=, HPE ATk 5E (Group4) TIE. Group3 TEHoNf=T
52/ —NIZk B GSH BOEREARRECHIH Shi- (Table 1),

3. Hig+d TBARS &

Frigs TBARS &%, T4 / — LB 5 (Group 3) Tlxa > O—/L# (Group
1) D 169% [ZHEKL 1=, HPE AT#Z 58 (Group 4) TIZ. Group 3 TE® ohif=
I%/—I)LIZ& S TBARS EDEAMNEREIZHF S = (Table 1),

4. MiEFD GOT & U GPT FtE

miEHD GOT & U GPT EtElE, T4/ —)LEMIEEH (Group 3) THERaVk
O—JLE (Group 1) D#166% H KL UH 350% [CHEKLT-. HPE Bl 58 (Group
4) T, Group 3 TEHLNI-TR/ —JLIZL S GOT B&U GPT FHOEANE
BlCH#Entz (Fig. 2 (A)(B)).

5 FY A bV—ILoBEDORBLEEREN

Hoa4 bY—LoERORBCERERE. T4/ L ERIEE5H (Group 3) T
[Fa bO—JLE (Group 1) ITLERTEHERICE#H L=, HPE B EE (Group 4)
TIX. Group 3 TEHONITE/ —)LICkZNBILBERZHEOEEIE. LWFhi
MEtnt= (Fig. 2 (C),(D)(EY.



Table 1 Effects of HPE administration on body weight, liver weight ratio, liver GSH, and liver
TBARS of mice suffering from acute alcoholic liver injury.

- . EtOH Body weight Liver GSH Liver TBARS
r?l.:;ukfer Pread(rslgl;atratlon administration ywel Liver weight ratio
(i.p) (9) (u g/g liver)

1 Distilled water - 31.78+0.96 5.00+0.12 2183.1+-215.7 4.5240.39
(100) (100) (100) (100)

2 HPE - 30.25+0.80 5.2040.27 3% 2453.24-198.33% 4.2040.59 3%
(95 (104 (112) (93)

3 Distilled water + 32.64+1.04 5.76+0.32 # 826.7+722 # 7.62+0.20 #
(103) (115) (38) (169)

4 HPE + 30.96+0.71 5.73+0.22 # 1624.14-254.7 3% 4.154+0.50 %
(97) (115) (74) (92)

Pretreatment of HPE was carried out 48 hr, 24 hr, and 15 min before the ethanol administration (3.95 g/kg body weight, i.p.). The data

are expressed as means=*S.E. of at least 4 mice. Liver weight ratio was calculated as follows: liver weight x 100 / body weight.
#) Significantly different from the Group 1 (p< 0.05). ) Significantly different from the Group 3 (o< 0.05).
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Fig. 2 Effects of HPE administration on GOT and GPT activities in blood
serum and SOD, catalase, and GPx activities in liver cytosol of mice suffering
from acute alcoholic liver injury. Pretreatment of HPE was carried out 48 hr, 24 hr, and 15
min before ethanol administration (3.95 g/kg body weight, i.p.). The data are expressed as

means* S.E. of at least 4 mice.

#) Significantly different from the Group 1 (p<0.05). 3X) Significantly different from the Group 3
(p<0.05).

Group 1 ( Il ): Distilled water (p.o.), Group 2 ( [] ): HPE (p.0.), Group 3 ( B ):EtOH (i.p.),
Group 4 ( ): EtOH (i.p.) + HPE (p.0.)
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EIH EE

AET(E, HPE D invitro 6 & W in vivo IZE T A RBEFEHIZ ODWTERE L=,

51 8iTIL in vitro DEBE LT, HPE ORBILEHER{E S I VEE L UTAF
D) R—RETRE L=, F0O#ER. HPE [EEEICA LV TREERENICINEERZ R
Lizo /I VEGTY / —VBOBBIERGICEIABRS IV OERERET HK
BRTHDHZ LML JEFHNBRIEMEOHBILEEZRAR TSI ENTE S F -,
FAXF DY R=REETAF DU R—RAOSRICKVELEZTAVDPILTEFR

(MDA) #RIET IRERTHDI I D, KEERBRIELMNEOMBLEREZAEY
5 EMNTED, MAIERTHPE AIFIERAZRLI-C &N D, HPE [TIXKBHES
FUBEBHORBILMENREFR TV I AREMATE ST,

2 fiTIEZ HPE @ in vivo IZE 1T 5 MBRILEEZBRLANTT B8, E£EKRNT ROS
HNEELTHFRESNASIEHIT2/ —ILFEFEZFAL-, T4/ —JlL 86 mmolkg I
FUFRSNIAMFEETL ChICHESBIEX FLRITH LT HPE £8i&5 L1-#
B HPEIZTA/—NLIZkHHFEDD GSHBDOE A, TBARS g, m:ERD GOT
BLUGPTEHEDOLR. YA FY—ILGEPRD SOD FHD LR, catalase & U
GPxEMDETE#. WFhiMELfz, LEDERIZ, HPE Ain vivo IZBL\THI
MILEMERBTTHCEETRTELOTHY . HPEITERSh I MBILENMEL. £
OERIZ&>TEERAICRREh, RBILEEEZRICENTELHILDTHLIEER
bhd,

11



RERDER

%1 HOREBRAE

1. U/ —IEESwILBROFAR

)/ —ILE& 24 mg 1230 MM B{EF FUDLBBE 10 M LUV 0.8% KT ILEEE
FrYUL (SDS) B&E1OM ZMAT T, COBRBLTHEBRUELI-DS, 30mMig
fEF FUDLBESOM ZMATERHEL, H—LGILERE L [32],

2. /T Uk

K& T %I, Kharasch & Novak DAEIZEFOREZEZMA TITo1= [32]1, Y
J—ILBO)LBEK25ml, BHAEZO0.1ml, 0.003% BEELKFBFTHESOU. B&
U1% FBE—BT7UoE-OLBFTBR25 1l F, 25C [TE--10x10mm DAEF 2
RNy FhCHEBLGASIEEICMA -, HRBE—K7 T LHMED 234 nm (<
BT HJAEOEME S INERT 1 AR L 1=,

3. TAHFLYKR—X&K
THELYR—REIL, Rice-Evans 5D 5% [31] [CEFOREEMATIT 1=,

150 MM IE{EF FU D LBHEOSMIIZ, 5mMTHXF LY R—XBEHEO2ml, T
LO01Sml FFar bO—)LELTHEKOISMI, 1% HEBE—HKT7 VE=VLEA
#O0.1ml, 85XV 0.003% BEILKFBH005m EMATHEREL. CORBER
[Z.0.05M KER{EF R U Y LBRITERES BT 1% (W) FH/3LEY—ILEE (TBA)
BROS5M BEU28% (wv) RS OOEE: (TCA) B&KOSmM ZmMZt-, FNDE
BRERWKBPT IS HMMBLI-OBESLITAEIL, 535 nm (2H 1+ DR ME %8
E LT,

FE2HDEERAE

1. 819

5 @0 ddY REMETIR (RREREY) %. 10C%F 1 BE L TRRICERAL
12



f=o 1 BRIOFHEERFT %, Group 1 B LU Group 3 [Z1EZEH K 0.3 ml, Group 2 & &

U Group 4 [Z1£10% (w/v) HPEBR&O3m %, ThEh 1B 1[0, 24 BMEZ(c

JHMESR L TEO/’SE L, IEBEDHED 15 5%, Group1 H& U Group 2 I

(378K 0.3 ml, Group 3 H& U Group 4121 50% T4/ —)L 0.3 ml ZHERERNIZE

HLfe T8/ —EHRE L 24BMBICERL. RS FUFRZSR L.
BE. BYORFLIG, TERRKFEMERIES) ([CH#oT-.

2. Y4 FV—ILE 7 DFRS

HRIIEEZABLI-0O6 EBRIEKP, T7AVREDFAF—ZRHNT10%
REDHR—MBBREER LIz, COREDR—FBRICDOLVT 4°C T, 105000xg,
1 BEELDDBEIT > TR/ELEZ . YA FY—ILES E LT GSHEH LK VB LB
FEHORABICERA L=,

3. TBARS EDAIE

FrigfB&ihd TBARS &(&., Taniguchi 5N A% [33] [CHE-TUTOLSIZHAIE L
f=. RFiB#E# 029IC0.05MIEE 10 ml ZMATT I7AVKREDFAHF—ZRNTK
EDOR—FMEREBEL. T0 3.0 m 2@8BOHZHEBRECHEML T, 067% F+
WNIVEY—ILBEER 1.0 m ZMAT-05, % L THE/KAS T 30 H2HEmEaL 1=,
MBRTH. ELICHEBBRESHL. n—T2/ —jL- A8/ —)LERK (85:15V/v)
40ml ZMATH I DBBLIRES LIzOB, ERET, 700xg T 10 Sz 5 B
LTHEEN—TA2/—JLBIZDWT, 536 mm IZHBITHEAELZRIE L=, TBARS D
positive control IZ1%, ZBK3.0m h(21133—F ST X2 TO/Nr2ng &5
ML TEMRICEBREZ T -3 DEFERL,

4. GSH 2D El%E

LTER2 THRELE-FYA FY—ILESD GSH £lX, Newton 5D 5% [4] IZ# L
THPLC ZRWVWTEE L=, DS ALICIE LiChrosorb 5C18 (4.6¢ X150 mm ; —I
WNYATOR) ZRL, BEICIEF0OIMUYDEFFIDILAMY% ) UB, FHEIE1.0
miimin & L. BHEREIZOWVT 217 nm IZE T 3RAEETE=4—L 1=,

13



5 MAFD S VAT EF—EEHEDORE

SRLE-MEEZEETTI0 2EHELI-OL, ERT. 1,700xg T 10 HfEELD
SELTHMLEERE. FSURTEF—EERAERAOBRESRE Lz, OFES
D GOTHELUV GPT EFHIZAEFY b (MAMETSR) Z2ERLTHE L. BEEN
(& karmen B THRLT-,

6. Cu/Zn-SOD EtE D AIE

FY4 b Y—ILES RO CuZn-SOD ElEk, = A TJIL—F 3V 1oL (NBT)
&Itk [35] ZAVLWTRUTOLSICAEL - TFLUCTPI UMM RO LA

(EDTA) 0.12mM, o MiE7ZILT S (BSA) 0.15mg, NBT0.03mM, ¥4 F
> 0.12mM &4 50 mM EEEF kU Y LEER (pH 102) 2.5 ml =, BEEIER 100
ul & & U xanthine oxidase 1 unit ZFEML T 25°C T20 /M4 v F a1 ~_A—Fk L1, 6
MMIBEE O 1 mZFML TRIEZFELLI=OB, 560 nmITHITH|RAEFRIEL
f-o BERDERE, HBRBBRORAEN TS OD 12 ITHD LI-EEDBERES 1
unit & L TR L=,

7. catalase ;SEMED RIE

Y4 b V—ILE O catalase ;&EIL. Beers 5D A% [36] IZH>TUTD&
JITAIE LTz 27 mM@BEREKFEK.50mM V) UBEF U LEEEE (pH9.0) 3.0ml
ZHERIL (10x10mm) [TAN, 25C TR OAREHDIERLILFRILET—I2t
YELT,. BEFE 0 ZHMLI-0B5, 240nm IZH 1T ZBRAEDFH LD % 1 HREE
ML TAREL-, BROEMEE, 1 2B 1 umol DBRILKEE R T IBREESF 1
unit & LT& L=,

8. GPx EEDAIE
Y4 b y—ILES D GPx iEHIE. Lawrence 5D A%k [37] IZH>TUTFTD &
JIZAELT=. EDTATMM, 724EF FYh L 1 mM, NADPHO2 mM & & U GSH
1TmMMZE8L50mM 1) UEH Y ) LBRER (pH7.0) 2.1 ml #RE 4L (10x10 mm)
[CAN, 25CIZER > =GR AEHOERELKIILE—IZE Y FLEDOL, LA FA+
YULEYE—E03unit BLUBRBERERML TS HEKE LI1-%. BRILKkESE
14



003 MM &EEBESITEHEMLT., 340 nm IZH [+ AWAEDR A % 5 4 ES L TH
ELT-. BEFROEEZE. 1 9121 umol OBE{LKEFETT ABEREL 1unit &L
T LT,

9. ANV EREDRE
HHBBEDI NV EREL, Lowry DAL [38] IZHE>T BSA %14 N
HEELTAEL,

10. #KEtLER
AREEOBEEEDKRTEIL Student's t-test TIT o 1=,

HPE 3R/ —T > () &L VYiR#tEthiz HPE ¥3R%ZERAL -, NADPHI[EF U T
VALEBIE 1133T ST X TOny, YU F 2, xanthine oxidase (EC
1.1.3.22), GSH. glutathione reductase (EC 1.6.4.2) I% Sigma #t. D #DREIT
AMBEIEDLOEZETNETNERL =, SNXEFITAIL U-2000, HPLC 3R 3L
L-6000 #R> 7. HII L4000 SR, FL VAL D2500 1 75 L—42—%%
NENERLT-.

15



£ 2HE HPEdOMEBEILEERS (L7522, FAY
. FYTRI7o, 9590) ORFEBLUVRETE

FF et

ErEETS L E2ITHR (HPE) X, XEPREERAZHOL-OHEEREHEL
THRAIATEY [21], FHEARESLUVEZEAMRBRAE X FO7 « —BEFOE
KOBE [27]. HEERES., EFEHEE. FLUBTKBREBFONRE (28] %
BE L-EESKELTLRAINTIVS, $§BETIC HPE ORREFRIZOTIL
MAEETHIEMNASMNITATULSM [22], TOMOEEZFERSITDOLNTIE
BoMIThTWVEL, BXERERE V2 —EBOEREAXREELEKICIE. BiE%x
REBFHIEICE>THELONDIEERE LT, BBMKSEY. BEBEREM . B
MEMIO 3 BENEESINATILS (28], CO5HBREBHENMT ULF=#HEE)
ICIFE FEBZERTRELEE, BREIRLEBLTROW MEBES2THY ., 22
RO (PLTo Hadyy), PR/ (A4S0, "XYy, 2275y
(Phe)., YT LD 7Y (Trp) %), BFR (PILAY IR 745 —E%). IBE (3
LAFO—LE), BE (VLI —X 59 F—R, FLaYI %), BEBERD
B (I3VI, FTFZUE), SRIIV (FRUDL, AUDLE), TOM (FH
FUHE) NERIhTWS [28],

% 1 &ETI&, HPE Atinvitro THUEEBFREEEAETRL, £FinvivoTH., T
2/ —VTEREINDIEBERA FLRICH L TMHMIC@M S EEB/OMILEz, LA
L. EFSN TV REIEMESRES A TV =8, HPE ORBILERPLCZT DR
BALEROBBIZ OLWTOREEI+S TIEAG L, RETIE, HPE ICHBMEREICS
FShhSRBIEMBEIZ DT, Sephadex FILERW:-HSLHYOT RS SD 40—,
DUATFNASLIAT I ST —B&UHPLC #AWVT HPE A & BBk - 58I L .
NMR ZR%Y FILE LU FAB-MS ARY FILERIE L THRETLT-, % 18iTIL. HPE
A2 —VRBTELCIABEREL. LiE% Sephadex G-50 AL =HT LY
AT rIT574—. BLUHEI S LEZAW:-HPLC THELTE LN -REILYE
[ZDWTHREI LTz, B 28T, HPE IZDLVT Sephadex G-10 £ ALM=h S LSO
RETST4—2T-ObHF/BEMBL., SUHSFLASLIATRTST 41—

16



BEUHPLC ZRAVWTHE L THLAABIEMEICOVLTRE L1,

FT18 Z2zZIUT7o53=2, Falr, 9S3VILORBRHE - FAE

HPE [Z#BRE 0% LA KIICAZ/ —ILEMAZTELEXBRE RO B L TR
HL. BLEBENET H5EHTT Sephadex G-50 ZRALN-HS5SLH4AT RIS T74
— %1121t FOBDOHOT RSS5T% Fig 31Z7T, BMUORBILEEAED SN
730~850 ml DiRHES (Fig. 3D C) ZHEL THERMEL. HPLC ZALTHHR
Lf=. HPLC MBRHEIZDLNT, 210 nm [TH 1T 2 LN BRI S & CIBIEFEE A
EL-ER% Fig. 41277,

HPE # A 42 / — LRI L - EiBICIE, $970% ORBLEEAENR SN, F
1=, Sephadex G-50 ZAWLM=HhS LY OT M5 T 4 —IZH 1T 3 REEEEDOEIRE
(X, BSLIZARLIEEHDON70%TH >z, HPLC THRE L1z & TOMBILEED
EURELH 90% THo 1=,

Fig. 4 (A) DE—%Y a~z D55, LBEHROVABIEEELNBO ohi-E—2 b, h,
p LU v ZFMLTYIAT LTS 74—%T0\, o= TIZTDONT
FAB-MS AR %J kL, NMR ARY FILE LUV AR FLZFRIE LIERM L. E
— O hpBLUVEEFNRTA. DSV, FAL Y (Tyn) LU Phe ERE L1[27],
BE. E—Y b ROEAT+ITHY. BEMTH I EhoRBTEGM 1=,
Bonf-Y U TILEFERD FAB-MS ZRY FL% Fig. 5, NMR AR 4 kL% Table
2~7, UWWART FILZ Fig. 6 IZRY,

17
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Fig. 3 Sephadex G-50 chromatography of HPE. Supernatant of HPE
treated with 40% MeOH was subjected to Sephadex G-50 chromatography.
Column size; 850 x ¢ 33 mm (727 cm?®), eluent; distilled water, flow rate; 30 ml/hr,
and sample volume; 10 ml. UV absorbance at 280 nm (—) of each fraction was
measured by Hitachi U-2000 spectrometer. Zone B was composed of fractions
from No.56 to No.72, and zone C was from No.73 to No.85, respectively.
Antioxidant activity (—) is expressed as umol equivalence of mannitol by the
deoxyribose method.
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Fig. 4 Separation of antioxidants in HPE by HPLC (A) and
antioxidant activities of the peaks (B). Sample derived from zone C
fraction in Fig. 3 was subjected to RP-HPLC. Column; ODS Mightysil RP-18 GP
(5 pm), column size; 250x ¢ 10 mm (19.6 cm?®), eluent; linear gradient of
acetonitrile in distilled water (0-40% (v/v)) containing 0.1% (v/v) trifluoroacetic
acid, flow rate; 1.0 ml/min for 60 minutes, and sample volume; 50 ul. UV
absorbance at 210 nm of each fraction was measured by the UV detector.
Antioxidant activity is expressed as umol equivalence of mannitol by the
deoxyribose method.
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Fig. 5 FAB-MS spectra on linked scan of samples. The FAB-MS
spectra of peaks h, p, and v purified by rechromatography were recorded on
B/E linked scan on JEOL JMS SX-102A.
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Table 2 'H-NMR chemical shifts of uracil and peak h
(ppm) (coupling constants in parenthesis).

Uracil Peak h
7.53 7.53
(2H, d, J=8 Hz) (2H, d, J=8 Hz)
5.80 5.80
(2H, d, J=8 Hz) (2H, d, J=8 Hz)

Table 3 '3C-NMR chemical shifts of uracil and peak h (ppm).

Uracil Peak h
168.30 168.27
153.23% Not detected
144.25 144 22
101.87 101.86

a) The intensity of the uracil signal was very weak.
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Table 4 'H-NMR chemical shifts of tyrosine and peak
p (ppm) (coupling constants in parenthesis).

Tyrosine Peak p
7.18 7.14
(2H, d, J=9 Hz) (2H, d, J=9 Hz)
6.85 6.82
(2H, d, J=9 Hz) (2H, d, J=9 Hz)
3.85 4.08
(1H, dd, J=8 and 5 Hz) (1H, dd, J=8 and 6 Hz)
3.22 3.21
(1H, dd, J=15 and 5 Hz) (1H, dd, J=14 and 6 Hz)
3.00 3.00

(1H, dd, J=15 and 8 Hz)

(1H, dd, J=14 and 8 Hz)

Table 5 '*C-NMR chemical shifts of tyrosine and peak p (ppm).

Tyrosine Peak p
157.51 157.21
132.43 131.78
128.61 128.82
117.52 116.93

58.23 55.93
37.49 36.94




Table 6 'H-NMR chemical shifts of phenylalanine and
peak v (ppm) (coupling constants in parenthesis).

Phenylalanine Peak v
7.31~7.43 7.02~7.14
(5H, m) (5H, m)
3.99 3.88
(1H, dd, J=8 and 5 Hz) (1H, dd, J=8 and 5 Hz)
3.29 3.03
(2H, dd, J=15 and 5 Hz) (2H, dd, J=14 and 5 Hz)
3.12 2.88
(2H, dd, J=15 and 8 Hz) (2H, dd, J=14 and 8 Hz)

Table 7 '*C-NMR chemical shifts of phenylalanine and peak v (ppm).

Phenylalanine Peak v
173.72 171.40
137.33 135.68
130.41 130.47
129.97 130.12
128.39 128.84

57.60 55.26
38.41 37.38
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Sample Standard

040 L Peak h Uracil
020 L
0.00 |
Peak p Tyrosine
@ 020
&)
c
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[
O
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Q
< 0.00 |
Peak v Phenylalanine
020 |
0.00 L
1 1 1 1 || 1 1 1 1 ] ] ]

200 220 240 260 280 300 320 340 200 220 240 260 280 300 320 340

Wavelength (nm)

Fig. 6 UV spectra of purified antioxidants (peaks h, p,

and v). UV spectra of the samples (rechromatographed peaks h, p,
and v) and standards (uracil, tyrosine, and phenylalanine) dissolved in
distilled water were measured by Hitachi U-2000 spectrometer.
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28 M)TFT7UORH - AE

F1HOFRY (AER=%#B/K) TIE. Sephadex G-50 h 5 LZERAL-IHE DB
{LEEDODOUREN 70% THo-I e, CORBEHTREAS LIRESNIR
BALEMERANEET DL E Xz, £ I TRIZ, Sephadex G-50 I FE > f-FHIC
DNT, HOFEERAVTREI LTz, T4b5, HPEBRRICH L TA S / —ILIEBAL
BETHTIZ. BEERN Sephadex G-50 & R7%: 5 Sephadex G-10 )L ERALN=H
SLYVAY IS4 —%To1-. TOHR. E1EHTRELI=VS VI, Tyr, &
U'Phe &Y L BEVLVREBHITRH T ARBLEEOE—I B o (Fig. 7). £
OMBILENRE, A5 AICERLIZEEOR 20% £4Hf. 2T, 2BRLEIO
EMESICHBIFILEEUA Y TO/N/ —ILBK (32vN) 2MA, AESHES
PRLTOYAFINASLEFRWN=-983 )57 4—%1T>1- (Fig. 8), 260 nm
[ZFH 1T 2 ENEBRINE & VSR LOBHL AR ® 5hiz 60~100 ml OFHES %5
WL, HPLC ZAHWVTHRE L, COLZTDOARLHER%E Fig. 9ITTT, EERD Trp
ERCBRERBOE—Y 25U T NMR ARY MLZRAIELEHR, CoOHBEY
®% Trp AR LT [25], |

$3f EE

FETHEIZAWN:=-7593>C (Fig3MC) LELUMLMABIEEEMNED S
f 1= Sephadex G-50 AAWLN\=HAS LY AT TS T 4—I2HBIT5 560~730 ml DE
HES5 (Fig. 3M B) IZ2LVTH, BAEL. HPLC #AVVTHRELEEE. F0OAH
NB—=DIEE—2 h (Fig. 4 (A) BARETS59 30 C ERLE>Tf=, FDE0,
B EER S DOBERIZIZFig 3D 755232 C £HLM=,

HPE RORBIEMED 5> b EBHMEREICFET AT OVT, FILAB, )
HTFNASLEEUV HPLC ZRVTHE - BHE L. FAB-MS XX k)L, NMR AR
TRLELXV UV AR MLZRERLTRAE L. TOHR. P/ B THS Phe,
Tyr. B&U Trp EEBIERTHI VS VAN HPE DIZEFIWZTELHELYE

THAHIZENALMEL o=, BHE, AZLIAR M5 T7 1 —DBERICEBKER
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Fig. 7 Sephadex G-10 chromatography of HPE. HPE was
subjected to Sephadex G-10 chromatography. Column size; 824 x ¢ 30
mm (582 cm?®), eluent; 0.9% NaCl, flow rate; 30 ml/hr, and sample volume;
30 ml. UV absorbance at 260 nm (------ ) of each fraction was measured by
Hitachi U-2000 spectrometer. Zone A was composed of fractions from
No.103 to No.114. Antioxidant activity (——) is expressed as pmol
equivalence of mannitol by the deoxyribose method. Arrows a, b, and ¢
indicate elution position of phenylalanine, tyrosine, and uracil, respectively.
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Fig. 8 Elution of antioxidant activity from silicagel column.
One volume of fraction A in Fig. 7 was mixed with 2.25 volume of ethyl acetate
and 1.5 volume of isopropanol, and resulting organic layer was applied to the
silica gel 60 column. Column size; 150 x $20 mm (47 cm?), eluent; ethyl
acetate/isopropanol/distilled water (9:6:4), flow rate; 30 ml/r, and sample
volume; 30 ml. Each 10 ml of eluate was collected, and OD,q, ( A ) was
measured. TBARS production ( @ ) and Trp concentration ( O ) was
determined by the deoxyribose method and reverse-phase HPLC, respectively.
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Fig. 9 HPLC chromatogram of the purified antioxidant. The
active fractions eluted from silicagel chromatography was applied to RP-
HPLC column. Column; LiChrosorb RP18-5, column size; 250 x ¢ 10
mm (19.6 cm?), eluent; 10 mM sodium acetate/15% methanol (pH 4.85),
and flow rate; 1.0 mi/min. A, B, and C indicate standard Trp, the eluate of
silicagel chromatography and the purified antioxidant, respectively.
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WHZEITKY ., FILABICEDI HBICMZ THLREERANELEHBER,. 7FE
DIEVBRIEME (Phe=165. Tyr=181, 935 JL=112, Trp=204) OH BN R
[ZTbhiztDEFERAOND, T, FEREIEMED 10% HPE BRDOREICOL
THPLC ZAHUVWWTEE LR, Phe=11mM. Tyr=4.1mM, Trp=28mM B LU
DIVIL=13mM THAHZ EMBELIEL ST,
FETREL-4EBOMEEIVTHE HO- EORGEANHY . Table 8 IZFRT &S
2. TORGEEERIINEEOMBILMETHS GSH LRBETHS [39—41],
-, FETAEL-ERBLEYMED 10% HPE BRI OBEAVTLE MM A —4
—THDHZ o, ENBIEMEIIVNTIE HPE DOFELGREIEMETSH Y . HPE
DMBILERICHTIFERINTAEXRZVLDOTHLIEEA DN D,
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Table 8 Rate constants for reaction of hydroxyl
radical with Phe, Tyr, Trp, uracil, and glutathione in

aqueous solution.

Antioxidant Rate constant ( M's™)
Phenylalanine 6.5 x 10°
Tyrosine 1.3 x 1010
Tryptophan 8.5x 10°

Uracil 3.1 x 10°
Glutathione 8.8 x 10°
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EERDE
¥ 1HDRBEAHE

1. MBI ORE

E1EF1HORBRFEICRLEAEZRAV:,

E. MEEEY 1 unit i, 1umol DT Y= F—ILASRTE (3> FO—ILOKHE
ElE—1umol DT U= b—)LIZE TR EB) EEERLT -

2.Phe, TrB&UISVILOBEH
1) ASLHYARrITST 14—

10% HPE BRE6BEICAZ/ —ILATBZMATEMLIzDBL .4C OEHT,
10,000 xg T 10 2ELED 2B L= E;&EICDULVT, Sephadex G-50 #FEL=-HS
L (339 x850mm) THREBKEZBHBELLTI/ATIFIFT4—%4TL\. TD
BHEE 10ml FOom U, BHBED 280 nm [ZH T ENHBRERE LD
L, LEE1 OFETHBRIEFEEZRE L,

2) HPLC

$1 5 LIZIZBEEILZE D Mightysil RP-18GP (5 um-pour size, 10¢p X250 mm) %
FRLR, BHAEICIKXE09T 01% TFASFARBKMNS 01% TFAEEH 40%
FEEFZMYLDOY =TI5S00 bRV, FRE 1.0ml/min [TEREL. &
H&EIZDWLT 210 nm I2H 1T H &N BRIREAIE L 1=,

F2HDREBRFE

1. Trp DFEH
1) SephadexG-10 h5 LY AT LTS T 14—
HPE % Sephadex G-10 #FEL=Hh5 L (309 X824 mm) T 0.9% L+ +
o LBREBHBRITAVNTIAT RS54 —%7L, TOBHEEZEZ 10m §
DMLz, BHAD 280 nm [THIT 2RNMBRNEAELI-OL, F1EE 18
DOEBAEITRLEAEZAVCTRBILEEERE L=,
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2)

1) THLONESES (Fig 7O A 1BEIC, I FIL 225 BEE LU
V7anN/ —IL15BEEFMATENMLEZDS, EEEHT. 1,600xg T 10 43
EDOBELTERESDLT,

3) VUNFNASLYAR IS D 4—

2) T1#¥1=Li&E%. Silicagel 60 (70—230 mesh, Merck) #FELF-HF L (20
® x150 mm) IZIREEE. FEBEIFIL: 4V TONR/—)L: EZBK (9:6: 4)
EBBRTERH L, BHEE 10m $25E L. £0 260 nm [2H T 5% 5MBIRIR %
AELE-OL, BETTHEELZREL, REZZBKISERLT,. E1EFE1HO
ERARISRLUEAEREZRAVTREILEEZRE L=
4) HPLC

55 LlZIZ LiChrosorb 5C18 (10¢ x250 mm; o—TI Y4/ TV R) #ERAL.
BHBEIZIZ 00 MEEEF DAL 5% A8/ —)L (pH4.85) R, &
i 1.0 mi/min THEE L. BHEICOULT 260 nm [2H 1T 25 BRI ERIE L 1=,

REBLUHSH

BEE, F1EICRLELOZ2ERAL. TOMORESMAHEIEFIREER
Ltzo SAREHE LV HPLC EE1 EIZRLELDEEALE, £=, FABMS &
KU NMR QAIEIZIZBEREFD JEOL SX-102A £ L U JEOL JMS LA-500 #Fh %
hERLT=.
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% 3% HPE BB EMERS (Phe, Tyr, Trp. U35 2IL)
D in vitro 1IZ BT B ER

% 2 ET HPE POREIEME L LTRIELT= Phe, Tyr, Trp BEK U S VILIE,
Wt Fenton BIG TBERIEKFN S ERM LTz HO-#%hFE & < #1895 [39—42],
EERATERLEBEICIE, HO [ETHONIEXESTHIIEE. BE. 2/\)
BRLUBBEERIEL T ERICBIER FLRAEFERET 5[4,12,13,1543—45], %
T, B2ETRELLENBILMBENBIELR F LAFERBICHE T HER S DEE
RIGIZ LTRT 218 %, Fenton RIGICE B2 THF L) R—XDHfE. Fenton Kt
2k /—ILBOBRBIERE. F 9 O—L4L P40 REHEEARLRRE, &V
Fenton RIGIC& 55w FFIEOMBRE 2 L/ \ Y BEOBIERIEEAWTES LT,

E18 Phe, Tyr, Trp. 9352 ILD HO-H#iRER

1. REMLEEOREERFNS
Fenton RUGIZHE T 2B MBRILMEBED HO-HREARIZOVLT, THFEFVYKR—RE
[31] TRIEL-#&ER% Fig. 10I12FRY, HO-WHIRMEAIK. WThOoRBIEMELR
WBBPDREICLHGILI-, -, 4 D55 Trp HARIL KEL HO-HIREAZRL
=5

2. HPE hDREIZH (T 5B RBIEMED HO- iR A

EHBIEMEOREZ HPEPDORELA—ICHAR L. T0 HO-HIREREZTH ¥
DYR—R%k [31] #AVTAEL. ZOER% Fig. 11 1277, FRBEVED
HO-##{24E FIZ. HPE O HO-#1R¥EA % 100% &3 5 &, Phe A% 32%. Tyr A% 13%.
Trp M 12%., DS A 2% THY, HPE OREEILERIZNT 25 51% Phe AR
RKEWVWTEZBO=. Cho4MED HO-BHRELDEFHIE59% THo1-,
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Fig. 10 Dose-dependent effect of antioxidants on the

Fenton reaction. Reaction mixture contained 0.15 M NaCl, 1 mM
deoxyribose, 2.6 mM ferrous ammonium sulfate and 4.4 mM hydrogen
peroxide. Each value is the mean of 3 samples. ( A )Phe, ( O )Tyr,
( O )Uracilor ( @ )Trp.
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E 28 Phe., Tyr. Trp. 75 VILOIEE @EBEE REIZH T 5 HH {EFMH

1. F b9 O—L P450 (kFEIE EBRIL R

ENBIEHEDORES HPE FORELR—ICHAREL T, t—TFIE FARLEX
VRFTERSNSF Y O—LPASOREFHEEEBMIERIGICHT HHRZRAE L=,
FO#R%E Fig. 12 1377, FRBIEMEDF bV 0—L P-450 (REHIEEBRBILR
IS IZxtd 2 MEIE AL . HPE QiR % 100% &9 5 & ,Phe A 22% . Tyr A 20%.
Trp M 32%., 95U 0% Th-ot-,

2. Fenton RIGIZ& 51 / —IVERDBEEE RIE

ENBIEMEDOREZL HPE dORE LR —(CHR L. Fenton RISIZE S I LK
)/ —ILERDBREALRIGIZH T SR ERFT L=, TORERZ Fig. 13 I1ZRY. U/
—ILEDBRL RIS T S EBIL M E O IIEERIL HPE OHEER Z 100% &
T5&. Phe H817%, Tyr B3 1%, Trp B 22%., IS5 VIH 16% TH-o 1=,

38 Phe. Tyr. Trp. 23 VILDRUNIEDHILKRZILEIZXT B
#l1EH

ENBRILMEDOREE HPE PFOREER—ITHE L. Fenton RIGIZK S5 v MiF
BOMBE S /0 EOBERISICHT HIMGERAERE Lz, TO#ERE Fig. 14
[2RT . 3RV BEOBIERISIZH T & MBIEMEOMSGERIL. HPE OHEI{ERA
Z 100% &9 5&. Phe B8 72%, Tyr H854%, Trp A 42%., S ILH 98% TH-
f=o

F4E EE

F2ETRELIHPE b 4 BORBIEMEL. Fig 101TRT &L SI12. RISER
) TBARS DA = REKRGFHICIIGI L=, COBERIE. 4 BORBEHELNT
nt HO-HIRIFRZERH DT EERL TS, Ff. HO- L ERBIEHE D RIGIEHE

—RRICTHETTIEEZAOND, AILRETHRTSE. 4BORBELHEDNS S
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TBARS production (uM)

Control HPE Phe Tyr Trp Uracil

Fig. 13 Effect of antioxidants on the Fenton reaction-
induced linoleic acid peroxidation. Reaction mixture contained
26 mM NaCl, 0.1% SDS, 90 mM linoleic acid, 0.2 mM ferrous ammonium
sulfate and 14 mM hydrogen peroxide. Concentrations of antioxidants
were as follows : 232 uM Phe, 85.3 uM Tyr, 55.6 uM Trp, and 24.4 uM
uracil. Each value is the mean=SD of 3 samples.

* p<0.01, compared with the control value.
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Control HPE Phe  Tyr Trp  Uracll

Fig. 14 Effect of antioxidants on the Fenton reaction-
induced protein oxidation. Reaction mixture contained 6.2 mg
cytosolic protein, 2.6 mM ferrous ammonium sulfate and 0.15 M
hydrogen peroxide. Concentrations of antioxidants were as follows :
116 uM Phe, 42.7 uM Tyr, 27.8 uM Trp, and 12.2 uM uracil. Each
value is the mean=+SD of 3 samples.

* p< 0.05 and ** p<0.01, compared with the control value.
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Trp AR L K EL HO-#RER%E R LTz (Fig. 10), 4 > F—ILLEMITALYROS A
EERERDIENATRENTNDZEND, HEPITS Y F—ILRERD Tp [3F
i HO-HiRFITH S LEA bN D [46],

RE L1- 4 BOME D HO-HtRdE % Fig. 15—18 [TTT [4247],

T2 ETRAELI HPE (T&HF &N 5 Phe, Tyr. Trp. & U5V ILDFRT HO-
WIRERAIE. £ 1 ETHR /- HPE OBER FLRAOFEHRICH T HMFMERICES L
TWAEEZOND, T, ERBILMEORESL HPE dOREER—(CHARL
BEOEER F LRICKRT 2IEIERIL. Fig. 111357 T & 512, HPE ) Phe Aif
ERETHIZEMID, Phe NBEKEMN o1, LT=H> T, HPE OIBRLTEEICS
TH5HFE5IE, AELE-4BONEDOLENTIEPhe AR RENEEZOND,

t—JFIE FARLAFL FTERBESNDF Y A—L4 P-450 kFEDIEEBE
ERSRTIE, FFIO—LP450 DHFEEICE>TERLIZ-TFILE FAORLFF
SSTUANIZEY., 2HAY—LSEPOEEDBELAEITT S [4849], HPE
BLUABOMBEMEIZF b9 O—LP-450 DEHIZIIEEERIFEHNI EMD,
ARGRTIREBREREAMFE EIA:-DOKX, RERISEMNLZREBIEMEIZLY.,
fEERBICEHREAMFEI SN0 THIEEZ NS, RAEL-4FEOMEEY
BEDOS55, RbEBAMOXENTp AERRERTRLBEZSEHIHEREZRL. Ch
(£, IEEBBILEHRGICENTIE, BRILIEE S PhILICHT 2B EME DR
HEREFONBIEERICKESEEBTEHILIZLDEDTHS EEZA NS, T, Phe,
Tyr, Trp. BL U T VILHTRT IEEBERLHIHIEROKLFA HPE OHIFIER & Y/
ShofzC&h b, HPE BRIZIE Phe, Tyr, Trp. & U3 VILLSMZ, BEHIBERIE
EHRSIZH U TR R ETTRBIEMENEFET SR RE S AT,

F¥t=. U/ —ILEBOBRIERERICEWNTSH, HPE OMFHR LT 4 BEOHE
{LMEOERIIEEFTIE AN oz, THITANLR LI-& 512, HPE IZIXEE BMIL K
WEECHIFT B ENTELIRRABODNBIEMENFET S LEETETHHLDOT
Hb.

RUNVBEEBRTHT7I/BO7 S/ EIZ.ROS LORISICE Y AILAR=JLEIC
BAZENHMONT NS, CDE NV BEDBILIZE S AR IWEDERIL, Fig.
19ITFRT&SIC. 7R/ BEE. BICEXFDL, ZIUX=y, YDy, FOY VIS
BELI-ZME#A 4 EBRRIEKRICEDEDTHEEMNTRBEEIATINS[50,51],
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H

@"CHZCH(COO')NH3+ + Ho-————»Ho7<_=_>—CHZCH(COO')NH3+

Phenylalanine H

H

o, -00
> H CH,CH(COO")NH;"
H
> HOOCHZCH(COO')NH3+ + HO,

Tyrosine

Fig.15 Reaction of phenylalanine with hydroxyl radical.
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H

HO
HO‘@’CHzCH(COO')NH; + HO — HO‘QCHZCH(COO')N%"

Tyrosine

’OQCHch(COO')NH; + H,0

H

OOCHQCH(COO')NH;
1 »

0~ )~CH,CH(COONHs" HOQCHZCH(COO')NH3+

H H -

0 CH,CH(COO)NH;" HO CH,CH(COO')NH5*
Dityrosine

Fig.16 Reaction of tyrosine with hydroxyl radical.

42



CH,CH(COO")NH5* CH,CH(COO)NH;"

\ + HO» ——— . OH

N N H

H H
Tryptophan

) . CH,CH(COO)NH;"
CH,CH(COO)NH;

o, 00
OH . OH
N H N H
H H

CI)HZCH(COO')NH;;'

NH?=O
H

N-Formyl kynurenine

Fig.17 Reaction of tryptophan with hydroxy! radical.
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HN 1 HO - H HN H
)\ ’ )\ T Jon
H

07 N
H H
Uracil
O2
0 0
H 00
HN OH HN H
H + O)\N OH
o) ]
N oo N H
Y
0 v o)
H OH
HN OH 4+ Hj\ H
OH
0”7 N o "N
N O n H

5-Hydroxybarbituric acid

Fig.18 Reaction of uracil with hydroxyl radical.
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CH,

| Fe2*
H,N >
CH
I H0
NH,, Fe?*

Fig.19 Schematic representation of proposed mechanism for protein oxidation.



H-T. BNV EROOLARZNEEZRBRBTHLICKY . ROSIZEDHE NV E
DEILDIBEZAET Ao EMNTES [4849]), Fig 14(ZRFT &L 512, Fenton &G
I2&5Ty FFEOMIE S /R EOBERGIZH LT, EREBIEHMEZLNTHE
BUOMIGIERZRL. TOPTRHBRLKBEOKRENIS VI TEELGHRNEDHS
nifz, £z, COMFHRIEE 1 H TR HO-HR{EA & YVBETH 1=, LN
ST, RE SNtz HPE D 4 BOMBIELME(E, BEX U RAROEKRBRBS N
VBEOBIEIZH L TEEGCISERZRT LB b, TOBRBIZIL HO-OFiRE &
BIS, BUNRIERDT ) -STHNDHRLEETHEEXAOND, EHIC, &
BLMEDOHROLHA HPE OHRZ EE>F-Z &M o, HPE BIZ(d 4 FEOMBEE
MEORBELERICH LT, HEMICHE < BFLFET SaEeETE ST,
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EEROAD

E1HDERAE

1. BB DRE
F1EE1HORBRAKRIRLEAERERW .

82 BIDEERA X

1. T AFEMIEEE S QRS

%1 EHE2HOERARICRLEAEERAVN=. ddY Rt~ XOEZHEH
L. £BgEKkP., FIAVKREDFAHF—2RANT 10% FEDR— FZHERL
Db, 4°C T, 105000xg. 1BMLEDLHEE L - LEZHBEEB S & L TERBICER
L7t

2. 5y Mg Y0V —LES DR

Sprague-Dawley S v FOFEEHLEL. £BEBEKP, TI70UKEDHA
H—T10% REDR—FZERLI=D5, 4°C T, 9,000xg. 30 HhEL2EEL T
/B-LFE%#. &5124°C T, 105000xg, 1 BEELHE L. TOXBEEHBIE
KPICBELLLOEI/OY—LESE LTERICERL,

3. F Y O— LA P-450 (kFHEIEE B RIS

ENBIEMEEEETH01 MY VBHYILEEK (PH74) 12, SV FHS S
QY —AE% (1.0mgprotein) &LV t+-TFILE FAORALA XTI FE1mM LS &
SICMATEZE10mELE=DE, 37°C TSRS vFar—bLE, 1 0FaR
— R TH#.15% TCA — 0.375% TBA — 0.25 M EESR& 2.0 ml 20X T:HEEAS
T 15 SEMBLE-OL, ELICERETHEIL. 1,000xg T 10 HREELHEEL
TH/I-LEFIZONTSE3 nm BT H2RAEERE L. £ LT- TBARS OREF
DFBMFEH (es3s = 1.56%10° M'em™) #HVTES L= [52,53],
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4. 1)/ —ILES LB HROFR
FE1EF1HORBRAERISRLEAERERV .

5 R T UK

B1EE1HOERBRAEITRLEARERAV-.
BB, RERBEORAR ST VRERDFRABRY (cns =2.8x10° M'em™) AL
THEHE L [32],

FIHDERAE

1. AIRZJUESR N BEDRIE

Sy FFROMBEES 1.0ml (6.2 mg protein) [CHEBE—HTF7 o EZDLELD
BRERIEKFEEZTNTN26MMBELV015M ELZESICMAFzDBL, 10mM 2=
PO E RSP /25MIBRZEBE 20ml M. 15 AEEZF(TRELAEAS
FETT1BMGE L, 1BM%IZ20% TCAER25mZMA=05, FRT.
1,200xg TS5 NEERDAEET o= FMLEERICEFBRIFILE L ULS / —ILE
B 1vv) 20m ZMATRELE-OL, ERT. 1,200xg T553RLHBEL T
Bl-KBIZ, 6 MEBS 7 B K10 m ZMAT37C TI100MA oFar—
bLtze 1 2F2R—METHE, RISBRZERT. 1,200xg TS5 MiEDHEEL -
DL, TOLERITOVNTI7T0O nm OBAEELTRE L. RIEBEPROAILRZIES
DRV BEOREIUTOXTANTEE L [54],

C (nmol/ml) = OD37 X 45.45

HEESLUHS

HPE IR/ —F > (#). tTFILE FORILF XL KiE Sigma i, FOOHE
EMAHBEIZEOLDETNENFERALE, £, 9%NLEFHIBII U-2000 B4 E
AL,
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£ 4E HPE dOinEL;EHSERS (Phe, Tyr, Trp. V35 2JL)
D invivo IZB I+ A4EH

F

‘E-Iull;

AMBELUVEBMO7ILI—LEHFESORERICE. FRASOBIER FLXAE
L. BEILIEEDEMS GSH EORLLGEENEL S [55], TH/—ILTHERS
NZFRAZORIER FLRIZIK, T4/ —ILPZFOREMTHLIF7EFFILTEER
DORBIZHES ROS DELEEDEM., HLUHRBMRIZS T SMBILEDETIZXLS
MR TO ROS DML FEET S [56].

EEZIE1EICBVT, T2/ -8 HHESEBRIER FLADFEEICHL
T HPE ORI ENMFMLERERT &%, TOREAW=In vivo RERTHL M
[TL1z. £1=H 2 EICEWT, HPE ITEF SN D 4 BORBLMEZREL., ¥ 3
ECHZONBILERELEBLIz, F4ETE. ChoDHBEMEZ IV RICHIER
EL. I8/ - LOBEICE>TEIHZDHEHEBETLBIER FLADREITHT 5%
HEBILHMEOHRICOVNTRE LT

18 KE. FEEH. BRILBEEELSLUGSHE

I8/ —LELV10% HPE FOREICHAR L-ERBIENELZRELI-EEDT
DADKE, FEEL. BRLIBEEES LU GSHEZ Table 9 IZFRT, T2/ —ILE
FUBMBILMEDREIC L IBREOFELERIR OGN 5=, —H . KE100g
L-VOHEE*RITHEELIZ. T2/ —ILEHRELLETOHETEMLEA, T
2/ — VBB EHOEMICH LT, HPERSHE., Tp BERS LU Tyr i5H TIX
BNOBELGNFANEH T,

F71-. TBARS (MDAnmol) & LTHEHE L-HBHEEDOBREILIEEEIZ. T4/
—IVEMBEH TIIAEHOL 2.3 F(TBML. COENEENRRIEMEDIRSHT
FWFhL ARG SN, —A. FREEPD GSH BlxT 2/ —)LEMBEH
TXEBEDL65% ([CTHPL. ChIZHPERSE., TwiREREIUIS VLIRS

TIEBICEELEA., HORBRILHERSETRERIROohEM o=,
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Table 9 Effects of antioxidants in HPE (uracil, tyrosine, phenylalanine, and tryptophan) on body weight,
liver weight ratio, liver GSH, and liver TBARS of mice suffering from acute alcoholic liver injury.

Group Preadministration EtOH  Body weight Liver GSH Liver TBARS
number (p.0.) administration Liver weight ratio
(p) (9) (1 9/g liver)
Distilled water 28.3= 0.1 5.25¢+ 0.36 599.3-30.7 1.63+0.76
(Control) (100) (100) (100) (100)
Distilled water 27.0+ 2.0 6.53+0.25# 381.1-30.7# 3.70+0.57 #
(95 (124) (64) (227)
HPE 27.7+ 3.3 6.17+0.07# % 583.9+83.0 X 1.50+0.31 X
(98) (118) 97) 92)
Phe 20.6+ 2.3 6.09+0.41# 454.8+58 4# 1.93+0.69 X
(105) (116) (76) (118)
Tyr 29.4+ 1.6 5.90+-0.09# 436.4+40.0# %  2.26£0.73 X
(104) (112) (73) (139)
Trp 28.7+ 0.3 5.98+0.12# > 445.61+89.1# 1.90+0.46 X
(101) (113) 74) (117)
Uracil 26.8+ 1.9 6.61+ 0.36# 497.9+79.9# %  2.69+0.74 # %
(95) (126) (83) (165)

Pretreatment of HPE was given 48 hr, 24 hr, and 15 min before the ethanol administration (3.95 g/kg body weight, i.p.). The
data are expressed as means=S.E. of at least 4 mice. Liver weight ratio was calculated as follows: liver weight x 100/ body
weight.

#) Significantly different from the Group 1 (p< 0.05). <) Significantly different from the Group 2 (p< 0.05).



F28 MEPD S URT7 2 F—EiEES L CNBICBERES

I3/ —LELUVERRLHEERS LEBED, LFEPDOFS VAT I F—EF
HDEE % Fig. 20 D(A)E L U(B)IZFT, GOT FHIFT R/ —/LEMRSHTIIH
BEEOH25FIZERL-. COLFIIHPEREHTIFARICIFI SN, thdn
BIEDERSHTIINMHIZBO OGN oz, £, GPT EHIET 4/ —I/LERKRE
HTHBHONIIFBIZEREL,. CRIZHPEREBRB LU Trp IREHTIIEEICING
Shiz, =, thORBRIEMERSH CRGEARO OGN o=,

Fig. 20 D(C)IZRF & 512, Cu/Zn-SOD ;FMIET R / —ILEMBERE LU Tyris
ERTIIANBRICHLTLERELEL, OB TRERLEHEIRDOA G, STz, —
7. catalase ;EMIET R / —JLEMBEH TIEIXNBHEOH 56% [ZTETL. COET
[& HPE 5B TEIERICEE LD, HOBRSH TREERLBRERED NG, S
t= (Fig. 20 (D)), Ft=. GPxEHIZT S / —ILEMIREH THEBROH 35% ITETF
L. ChIFHPER G, Phe BE5H. Ty BREB A LUV S VILBRERTHEICEHE
L=t Trp RE5HTRERLCEEFXZEO ohiEh o= (Fig. 20(E)) .

LEDESIZ, 4BOHBIEMEDS B Trp DAMN IR/ —LDREIZE S GPT &
HOLEFZEEITH Lz, £ 2T, Trp LSO Phe, Tyr. O3V ILDREBE (10%
HPE hDRELICEDLE-L D) #BELIIFGEDIR / —ILICLSMERD LS5
A7 2 +—EEEDOERIHT E2MEEZRAEL- (Fig. 21)., TD#HER. GOTEHES
FUGPT EHETS / —ILEMREHRT, ThTh, dEROW17EEXUVU35E
[CEF L. CHITHPERERE KLU Phe, Tyr. W3 VILDREBRIESHTREER
[SHIfl = r-,
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Fig. 20 Effects of Phe, Tyr, Trp, and Uracil on GOT and GPT activities in blood
serum and SOD, catalase, and GPx activities in liver cytosol of mice suffering from

acute alcoholic liver injury. Pretreatment of HPE was carried out 48 hr, 24 hr, and 15 min before
ethanol administration (3.95 g/kg body weight, i.p.). The data are expressed as means*S.E. of at least 4
mice.

#) Significantly different from the Group 1 (p<0.05). ) Significantly different from the Group 2 (p<0.05).
Group 1 ( I ): Distilled water (p.o.), Group 2 ( [ ): EtOH (i.p.),

Group3( EH ). HPE (p.o.) + EtOH (i.p.), Group 4 ( B& ): Phe (p.o.) + EtOH (i.p.),

Group 5 ( ): Tyr (p.0.) + EtOH (i.p.), Group 6 ( ): Trp (p.o.) + EtOH (i.p.),

Group 7 ( MM ): Uracil (p.o.) + EtOH (i.p.).
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Fig. 21 Effects of HPE and mixture of Phe, Tyr, and Uracil on GOT and GPT

activities in blood serum of mice suffering from acute alcoholic liver injury.
Mixture contained Phe (110 pmol/kg), Tyr (41 umol/kg), and uracil (13 umolkg). Pretreatment of HPE
was carried out 48 hr, 24 hr, and 15 min before ethanol administration (3.95 g/kg body weight, i.p.). The
data are expressed as means+ S.E. of at least 4 mice.

#) Significantly different from the Group 1 (p<0.05). %) Significantly different from the Group 4
(p<0.05).

Group 1 ( [0 ): Distilled water (p.0.), Group2 ( [ ): HPE (p.0.), Group 3 ( ):Mixture (p.o.),
Group4 ( B ):EtOH (i.p.), Group 5 ( B ): HPE (p.o.) + EtOH (i.p.),

Group 6 ( ): Mixture (p.o.) + EtOH (i.p.).
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E3f B

T4 /—JL86mmolkg ZHEERIZIRET D L. 24 BERICHEZFED/ANT A —2—
THAFEREBLUVIEPD S VAT S F—EEMANTALERNLEZ EM D,
SHFEEAFR SN ENBOON [57], F-AKIC. FREGP OB
JEEEDHEME LU GSH BEOREOHNRBHONI-C s, REFEENFERELD
(2. FFRfEEICBER FLADBEL TS Z LRI N [68], ChlZxt LT HPE
FRIRELE-HETIR, T4/ —LHEREEHICHLT, FEEL, MBFFS XT3
F—iE. FRASOERILIEEES LU GSH ENEBALThLARICHIF S
iz, REDZ LR, T2/ —ILOBEICLPBHFETS S UBIER FLADFHER
A, HPE DRI EICL > TRl EN=C L ZRTIDEEZ BN D,

—%4. HPE PICEF ShHERBEMELZIRS L-BE8IZH, T2/ —LORE
L&k HHFEEESETOBRILIEEES S UGSHEDEFALT AL FEICHG SN,
ChiF, T8/ —ILICEBBIER FLRAOFERIZR LT, §11RES LI-BEMEH
FHHWIZEBN-CLETRTEDEEZONS, Trp. Phe, Tyr, DS VIILEERIFESL
EHEEICE. TpREEOAN GPT EHOLAZARICIMA L=, LAL. Trp Zk
{ Phe, Tyr, O3V ILDEEBRIEHTYE. GOT &, BLUGPT EHO LR
BRICHH SN =, LLLOHERI S, FHAETREL: HPE RIZEF SIS 41D
MEIEME (Trp. Phe, Tyr, 935 V0) X, T2/ —ILOBREICLDEHHEZOD
FZRIZHLT, ModrDESHLGERICEIYIGIERERLEZEEZ DN S,

Fig. 20I1TR9 & 312, T4/ —ILERBREH (Group 2) TIE. RO ALK
FHEMETH S catalase DiEMH. & VBBRILIEECBRRIL KRG EBRRIEMED
HEBRTH DS GPxDEEANThLXBE (Group 1) ICHHRTETLEz, LED
BEMNS, T2/ —NLOREIZEDIBIER FLADEREBBEOV EDIE, BLEEE
FEHOETICE8HERAOBEIEKRRED LR THSZ EATESI N,

IB/—ILIZ&D GPx FHOETIZHLT, Trp USORBIEHMEZRE L&
(Group 3,4,57) TlXEEMEBDHON =, LA >T,. AR TRE L= HPE hd)
Phe, Tyr, LUV I VLIE, WThLI S/ — LIk SHBILEREEEHOETEM
#lL T, HEHRAOBRIEKFREOERZ#MHT LI LIC&Y. BIEXNLAD

FEREMBLI-bDEEZ NS,
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EERDHE

F1EHDRRAE

RRBIVE L URAEEE

5EimD ddY REMET IR (RREREY) #1#H4T L. 1 AMFHAEAB L
DLERIZERAL Tz, MBIEMENIRSRICIZ. FhFh, HPE 2 gkg., Phe 2.32
mmol/kg, Tyr 0.85 mmol/kg. Trp0.56 mmolkg, LU F L 0.24 mmollkg % 1
B 10E., 24 BEEZIC 3 BEESR L TEOKSE Lz, £z, Phe, Tyr. 8&LUDS
VILVOEER RIS BiERL TROKS L, REHS LU S/ —/LE T
EB(2(X001 MIEESRZ 0.3 m ZRHRICIES L, EHEEHED 3EEOEBED
15 R EICHBHERESHICTIA/ —)IL 8 mmollkg (858 03 ml) #EREAIZE
BLt. RBEIZIZIS/ —LOMbYIZERKOImM ZHERIZHBEL:, T4/
—ILERE LT 24 BRERICRML. FiEESMLUz, FRIE-EZ5Ks L4
BIEKHBITRE LT

TE. BYOEmKENG, TERHKEEMERIES ) (THE-1-,

1. TBARS EDAIE
B1EF2HORBARITRLEAFEER W,

2. YA b —ILE DFRE
FE1EE2HORBRARICRLEARERAL,

3. GSH fEDRIE
F1EF2HORBRAEITRLULAEERAV:,

F2EHOREBEAE
1. BREEANE AR ROEY

F1EE2HOERARITRLE-ARERAN:,
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2. MEFEPDFSVRAT S F—EFEEOHE
F1EFE2HORBRSEICRLE-AERERAW:,

3. Cu/Zn-SOD EtE D AIE
F1EE2HOERBRAERICRLEARZRAL

4. A3 S—EEHEDAE
F1EFE2HORBHARICRLIEARZERW .

5. GPx ;& D AIE
FE1EFE2HOERAERITRLEFEREZRAW-.

6. 2NV EZSEDAR
F1BEE2HOERAEICSRLEARERAN:,

7. #EHOE
F1BFE2HOERAEICRLEFRZAV,

HPE IEX/ —T > (#%). NADPHIZF U T2 LBEBT %, 1133-TFS T %
Fany ., x4 2F > xanthine oxidase (EC 1.1.3.22) . GSH, glutathione reductase
(EC 1.6.4.2)[& Sigma 1, Z DHOHRIFMAHMEIRD LD EZENENER L=
AL EEHEAIL U-2000 B, HPLC [HI L-6000 /R 7. L4000 #H&. D-2500

TS MBEEEENENERAL.
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F£5F HPEHOEHFIERBILEERS OB - AERE LU
1EH

£

gzl

EHX, B2ETHPE ITEASNAMEIELME L LT Phe. Tyr. Trp. B8&UD
SVILERELT-, £, BEIELBLUFE4ET. ThEN. in vitro &KW in vivo
[SEWT., Phe, Tyr, Trp. 8L U5 VILHREELERETRT L EHSMNIC LT,
L5 L HPE @ HO-##$R;EMIZ* L T, Phe, Tyr, Trp. & VIS VLD EED HO-
FHIEEEASHHEISE 59% THo1=. 51T, 4 BORBILMEORBILEEE
HPE &LL& L 1= in vitro & W in vivo DEB#HEEMN 53 . HPE Fil(E, RIELT= 4
BEONBRLYEUNDOIRIELMENFETHEEZIOND,

EDFHEORBLESRACOVNTIE., EELGRAMOVTHEE - BAELEER
bhdI D, RIT, BRFHREEZAOSNDIMBIERAIDOVWTHREL =,

% 1 8 TIX. HPE IZ* L T Sephadex G-10 #AWL\T, BLMEBENET HELHBTT
2703 MT3T74—%T0, Bon-RBILEHE—IICOVTHERAS LAV
HPLC ZRAWTHRE L=, TORBREGON-6 BEDFEEE—VITOLTT = / BT
ERELIECH, 3D2BZTITTVIONERT S, JULU—-TF/B-73/8

(Gly—X-Y) O#YRLEFNZERL-. £CT, CO7 I /ERHICH L T Blast
Search [C&HKREOAD—REZTHHEBR. AL S-S UHEORTFF (23
—FURTFER) THHZELEHASMIZ LTz [59—61],

F2H TIX HPEDHBLERICNT 535 —FURTF FOBEERHT 5120,
E FGEEERSED type IV IS5 —45 02255 F—EEAVTHRL. TORBEILE
HDELEZFRRT-, TOHER. AT URSRIND T EIC& YRBIEEEIEX
THIEEHALMIIL: [61],

FIMTIE HPE PICHFETHEZBZONIRNED IS —F L OHRIZHES il
ILERDEILERETT 5=, HPE % -20°C KLU 30°C T20 BREA vFa~—+
Lz & DmBRILEE ZEFMICAE LTz, TOME. HPE % 30°C T 20 HEKE
1 2F 2= LISGEIC RBILESARNIBICERT S L E#H/LMICL=61],
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B8 A5 URTFFOFEH - BAE

HPE /&% % Sephadex G-10 ZAHWLT. BULRENET HEFHDOTTY/BI LTS
T4 —Z{To-#R% Fig. 22 [TFRT . RYICHIRT 5 280 nm [ZRIREHDE—V(C
TR UVABRILEEARO o=, COMBRILERDOE—2 (X, Sephadex G-10 ZMA LY
12983 T304 —TBEHLERBILEREDOH 20% &=, CORYDFEHRE
—VDRICHRT HETEL 4 DOFEEE—V 21X, $TICRAE LTz Phe, Tyr. Trp,
BEUISVILNEENS L%, BEREARTAHAEICIYHERL-, ZOXRA
EDMBILEERSDPEEFNIRTIOE—I(ZDLVT HPLC #AHVNTHE LT,
HPLC DBHRIZDLNT, 280 nm [TH T HENMERIRE ABIEEHZAE L-BER
% Fig. 23 I21¥, 148, Sephadex G-10 #RWLN\=hS ALY AR TS 71 —I2HIT
HBLEEDOEIREILH) 100% TH o1, Fi=. HPLC TOEHOEUREEH 50%
TH-oT=,

HPLC THEREhT- a~j DE—VI1F, $RTHEBILERERT I LNRBOHONT:
(Fig. 23), ChoDE—Y #5MLTT7 S/ BERFIZAELE-HER. E—Y e~jlC
DWTIK.BDEEITT Y L UHAHET 5 Cly—X—Y D# YR LEF|AEEH 51 . Blast
Search IC& A REAV—BREZIT>ECAH, M5 —FURTFETHoI-
[69,60], F1=. E—V e~ OMEIIOVWTBRAMEZRAVNTHFEZAEL-&
B. #FERVTh1$25kDa~43kDa THhof=, BB, E—Y a~dCELTES
BAT+RIL-HESHORETHLIZI LHD, FI/BEIIERET S LIFTE
B ot BE. AS—TURTF FOMBILEES HPE OFMICEHZEISI1L.
¥15% TH- T,

F28 AS—TUDBERLSRICIINBEEEOLR

F1HOHERNS, A5—FTUOMKIMRIZE Y RBILERZRTTRTF FhER
TOUREMNSHDHEEAOND, TIT. THEHRT S0, £ FRBHEED type
VaAS—57URERICIS—SF—EHEFML. pH 7.0, 37°C DE&HET T 2 BRI
B LI5S ORBIEEEEZERMICAE Lz, FTO&ER% Fig. 24 17T, HBLE

PEILERFRICIBM L. 30 SINE L -5 E OMBEFEMIZ. 25 —4 2D 13 51
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Fig. 22 Sephadex G-10 chromatography of HPE. HPE was
subjected to Sephadex G-10 chromatography. Column size; 824 x ¢ 30
mm (582 cm?), eluent; distilled water, flow rate; 30 ml/hr, and sample
volume; 30 mi. UV absorbance at 280 nm ( ----- ) of each fraction was
measured by Hitachi U-2000 spectrometer. Zone A was composed of
fractions from No.23 to No.33. Antioxidant activity (—) is expressed as
umol equivalence of mannitol by the deoxyribose method. Arrows a, b,
¢, and d indicate elution position of phenylalanine, tyrosine, uracil, and
tryptophan, respectively.
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Fig. 23 Separation of antioxidants in HPE by HPLC (A) and

antioxidant activity of the peaks (B). Sample derived from zone
A fraction in Fig. 22 was subjected to RP-HPLC. Column; ODS Mightysil
RP-18 GP (5 um), column size; 250 x ¢ 10 mm (19.6 cm?®), eluent; linear
gradient of acetonitrile in distilled water (5-30% (v/v)) containing 0.1%
(v/v) trifluoroacetic acid, flow rate; 1.0 ml/min for 250 minutes, and sample
volume; 2 ml. UV absorbance at 280 nm of each fraction was measured
by the UV detector. Antioxidant activity is expressed as umol equivalence
of mannitol by the deoxyribose method.
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Table 10 Amino acid sequence of antioxidants (peaks e, f, g, h, i, and j) separated by HPLC.

Residue
Sample Homologue

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Peak e G|I* Hp| G| V Hyp | G| H* A* |G| E Y*|G | A* Hyp| G Type IV collagen
Peak f G| L Hyp| G| Q * | G| A Hyp| G| Ax Hyp| G | L* A*| G Type IV collagen
Peak g G| A Hyp* G| F Hyp| G| N* A G| AxHyp* G| P A*| G Type |l collagen

Peak h G| L Hyp| G| K Hyp| G| A* Hpp| G| A*x Hyp| G| P A*| G Type IV collagen

Peak i G| D K |G| Nt VvVk K¥ A* Hyp | G|V KY| G| P A* G Type IV collagen

Peak | G| P Hyp| G| P Q* | G A* Hyp| G| EX Hyp*] G| P Hyp| G Type V collagen

Amino acid sequence and molecular weight of antioxidants (peaks e, f, g, h, i, and j) separated by HPLC were
measured. The homologue sequence reported in this paper are available from computer comparisons using

BLAST. The collagen-like glycine repeats are identified. *: Residues that could not agreed with the
homologue sequence.
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Fig. 24 Effect of collagenase treatment on antioxidant activity
of collagen (IV). Type IV collagen (0.4 nmol) alone ( < ), 0.8 units of
clostridium histolyticum collagenase alone ( O ), and type IV collagen (0.4
nmol) coexisted with 0.8 units of clostridium histolyticum collagenase ( [ )
were incubated at 37°C at pH 7.0, and at the time indicated, antioxidant activity
of the reaction mixture was determined by the deoxyribose method. Antioxidant
activity is expressed as umol equivalence of mannitol. Error bars indicate S.D.
for triplicate.
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jCLT: [61]0

E38 A Fa~—hI&SHHPE OREILEED LR

HPE [ZEE Sh 2O M. BENSH D VIEHMEBLENICHR S ThHREBILEEE R
TYMEELDIEEBALNICT S8, HPE % 20°C $&LU30°C T20 BREA >
AR— b+ LIBEORBILES £ BFMICAIE L=, ZOE. HPE £ 30°C TS ¥
aAR—k LIBEICE, MEMEEEAH 3 IR LT (Fig. 25),

F4E BE

%18 TE, HPE FOXRREDHRBILMEDN S5 b LBHEREICFET 53012
DLWT, BULRENETHERTTHSALIAT RIS T74—, ELKUHPLC ZAL
THE  -BEL, TOT7S/BRIEZRELI-. TOER, 7 FEHIH 25 kDah b
43kDa M 6 BEDIS—FURTF FARBEMEL LTHRRESN .. CO25—4
URTFFARBIEMETHICLETELEBRELXCAETICNL,, EENRTO
LDTHD.

F2WTIE, A5—=45oPaA5—5Fr—EIZXYRTFFIZHREh B L, RBRIELE
EENEX L, Thbb, AS5—SUBERIIFEAERBIELESRZRESAVA, O
T—FFr—EITKYRTF RIZHREhdE, a5—7DORBILERICEY., R
BBEOMBALERANEMLI-3DEEZOND, Ff-, E3HTROONIzAVFa
AN— Ik HPE ORBILEED LRI HPE ICEHA SN BERNRDIAS—45 UM,
HPE RISEHET 55— F—EICXYARLI=A. HHLMI30°C O oF a1~ —
MIEAMBILEMGERICIYNRLT, a5—5FURTFENER - L1
HTHAIEEZALND,

AS—ToDRBIE Gly—X-Y DOBRYRLEFITHSM, XIZFaYy > (Pro). Y
[CEFaX> 7Ol (Hyp) AEBETHEA TS [5960], HO-[&, a5—4>
H®D Pro & & U Hyp OI#H (—CHRR’, R=side chain) ¥ a i#% (—C(R)(NHs")COO,
—C=a—carbon) ERBTHZENBESNTIND [62], LI=A>T, RTF KR

RBALAERISIZI S~ o) Pro & U Hyp 115 T 3£ FR 503, 35—5 Y
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Fig. 25 Increase in antioxidant activity of HPE during the
incubation. HPE containing 0.8 units of antioxdant activity was incubated
at 30°C ( O) or -20°C ( < ), and at the time indicated, antioxidant activity of
the HPE was determined by the deoxyribose method. Antioxidant activity is
expressed as umol equivalence of mannitol. Error bars indicate S.D. for
triplicate.
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X, ZFEN 10 BFORYRTF LK IEZNSHIIFKBFEOESFTHY [59,60].
MEHSNNIBROFECIYSMBLTRTIFRELGI I ENMOATINVS, 20O
S—=FURTF EHNEBRCY 29I FDERERET I LN REShTLSA
[63,64]. XEDHERMNS, AS—FURTF FORBEERICIE, FOHRBIEEEN
FHELTWAEEZOND,
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KERDER

£ 1HOERAE

1. THEIIE—-R&E

F1EFE1HORRAFRCTLEAEZAN:,

BE. HEMEEE TunitiX, 1umol DT Y= b—JLARTE (32 FA—ILORH,
FEEE—1 umol DR V= F—JLIZE T IRALEM) &EHELT.

2. A5—HFURTFFOBREBLURE
1) ASLYATRITSIT 14—

HPE 30 ml % Sephadex G-10 #FHE L1=H 5L (30 x824 mm, 582 ml) #A
WTHBKEBRHBERELLTY/AR TS5 74—%4TL), BHEZ 10 m ¥25
R L 7=, FBH&D 280 nm [TH T HHENBERREREL-DE, LR 1DFAETH
B EE AR L=,

2) HPLC

H 5 LIZIZEAEAEZE D Mightysil RP-18GP (5 um-pour size, 10¢ X250 mm) %
FEALE, BHBEKICIEO0I%TFASES% PEF= M) ILNG 01% TFAER
30% FPErF=FYLDY=FHSTx b (2504) ALY, 1.0 mi/min OFR
TRE Lz, BHERICOWT, 280nm (ZH T HBIRERIE L 1=,

3) AFENAE

LD HPLC THLNI=Y Y FILIZDLT, 13% SDS-PAGE (Amersham
Pharmacia Biotech) ZRAWL\-BRkKEIEICK>T, 7 FEY—H— (Amersham
Pharmacia Biotech) & QBN LA FEEFRE L.

4) 7 =/ BEHIDRE

FPI/BO—IIH—(F, BBITF2UHME%EALV: Procise cLC (PE
Applied Biosystems) #fL\fz, Ff=. P/ BEIOFEOC—REIZEZIVE
A—3—\&EYV T FTHSH BLAST AL V=,
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FE2HOERAE

ErBBBEED type IVIS—45> (0.4nmol) [2a5—45F—+H (0.8units) ZiF
LT, pH7.0, 37°C OEHTT2HMMEL-. RIGHIEE. 0. 05, 1. LUV
2 RIZEFHAS—F VB, 35— r+a5—45Fr—H€, 8LV S—7F—
CTHEBRORRBILEEEZ., TV R—IFEAVTRRB L.

FIMORERAE

HPE (IiB&{L5EME 0.8 units) & —20°C LU 30°C TAL oFar—FkL, 1V
FaR—FBRtE#. 0. 3. 5. 9. 125 &V 20 HEDRBLEEZTAXF O UAR—X
FZEABAWTHIE L=,

HEE S UHR

t FRRABREBED type IV IS5 —4 (& Sigma 1, #IE (clostridium histolyticum

) HENDIS—4HF—+t (EC3.4.24.3) IE Worthington #t® %R LTz, TDOHD
REL, INAHEREIRFREERAL
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WX T, EBILUTOMREH/T=,

1. HPE A# BRI VRSB L UTAF VI R—RATHEMEERERLEC EM DG,
HPE (% in vitro TIREMLEAZR L. FKBEES IUVERTORBILMELZSSE
THENHALHIELE ST,

2.HPEM, ¥ORERAWL=invivo DRIZEWVWT, ROSHBEET ST R/ —ILFFEE
B EDD GSH EDHF 4. TBARS DEX, MmEFHD GOT - GPT EEDEX,
HES5—EBE &V GPxEEDIERZ MG L f-Z &5 5, HPE [Xin vivo T3 ikt
fERZETRI CEMNRHLMNELE ST,

B HPEIZEHINAXBLMBMILMEL LT, Phe. Tyr. Trp BE UV S VILHE
EEh., Phe B HPE BBROMBRILEEICR LM FE LTS I ENHLMNEL S
f=o

4. Phe, Tyr. Trp BXUITVILE, BIHTIIRIZRELEHEATI TS/ —
WSKYBRENIFRPOBREIEEEDEMEMB L. Phe, Tyr, LUV

STUNM, RBIEEBRTHD GPxEHDIE/ —LIZLBETEMFELI-CED
5, TR/ =L YFERSNIFBOBIER F LR(ZxT D HPE OMEIERIC
. BLEREEORENES TSI EMNAENEL ST,

5. HPE P ORBIEMBE L L TAS—5URTF FEEE-BELTREL, &5(2a3
—FoDAS=FF+—BICEBIRTF FAOHRIZE > TREBBIEEENALER L
CEMNG, AF—HFUDHRIZE DS S U RTF FH HPE DIRBALEECE
595 EMBHLMEL ST,

FHRRTHRON-FEREY . HPE DDOXEL S EOREELYME & TORBILERKE
BO—mMBEoMEfEoT-, Thik., HPE ORBILERICET 25 OHMLBE
DE=HOERMHMREEZLHELDTHY . F-. RAROHBILHME CHFETRTF
DEAEDAREEZAGHAE LT &K, HPE hOHLEMREFERET 2EED
VEDELTDHHLDTH D
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FRRICHEY ., ZWROBEEE2 THEE, KETHRECHERZHY I LLER
HRXPFELCFHELR SHEOELICEATRHBLETET,

Fto. FHRORITIZH=-Y ., RIETHBTERZESE L-ERHKPRELSE
HEPHIR SRATFHL. BUICHF Bl BELISRBEHBLETFET,

BIZ, FWROZXTICH-Y, REGHEZRC LRICEFICHRATAV-2EH
REFREBCFARZRR RUABEL EERNKERPETHR 2 2 — XA
LERABPPER BREFELT. REIXESFEMFEVEIZHEE SHERR
TICRCBEHBLLESFET,

Ff-. HPE ZRM L TEWNVER/ —Fr (&%) [CRHOBEZRLET,

BHYICEH. FHARICH LBRISCHNEREE LEERMKEFECIREOH
KIZE<#HILBLLEITFET,
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