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Fig.4. SDS-PAGEof catalase products.

Fig. 3. SDS-PAGE of B-amylase products.
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Fig. 5. SDS-PAGE of B-galactosidase products.
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Fig. 11. SDS-PAGEof protease products 91-96.



Table 1. SDS-PAGE analyses of enzyme products.

Provided information Results and grouping
“ LM Sample Identical Similar Molecular weights of
Name Origin number pattern” pattern”> major proteins (kDa)*
a-amylase Aspergillus foetidus " 1 a 87,50
Aspergillus niger 2 64
Aspergillus oryzae 3,4,5,6,7 50
Aspergillus niger and A. oryzae 8 a 87, 50
Bacillus amyloliquefaciens 9 54,24
Bacillus licheniformis 10,11,12,13 b 54,43
Bacillus subtilis 14, 15, 17 54
16 b 54,43
Saccharomonospora viridis 6 18 (32), (23)
B-amylase Triticum aestivum 19 i 55,38
24 i 55, 42,38, 25
Glycine max 20,21 54,29
Hordeum vulgare 22 ] 54, 36, 31
23 i 54,36
catalase Aspergillus niger 25 80
26 75
27 91
Micrococcus luteus ™' 28 57
Sus scrofa 29 66, 57
B-galactosidase Aspergillus oryzae 30,31 91,60, 53
32 69, 53
Bacillus circulans 33 138, 108, 98, 83
Kluyveromyces lactis 34 93, 81, 48, 34
35 93, 81,69, 48,34
36,37 93, 81, 69, 48
glucoamylase  Aspergillus niger 38, 39,40, 41 100, 75, 64
42 64
Rhizopus oryzae 8 43,44 69, 62, 51, 40
Rhizopus sp. 45, 46,47, 48 69,62, 51,40
cellulase Aspergillus niger 49, 50 57,40, 37, 25
Aspergillus niger 51 57,50,42, 26, 18
Pycnoporus coccineus 52 30, 27,23, 18
Trichoderma longibrachiatum 53 k 58,54, 16
54 d [ 61,55
Trichoderma reesei 55 k 58, 54
56 d 1 61,55
57 k 58, 54,23, 16
58 k 58, 54,23
Trichoderma viride 59 1 61, 55,50, 16
60 1 61,55,29,23,16
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Provided information Results and grouping
" L Sample Identical Similar Molecular weights of
Name Origin number pattern > pattem‘3 major proteins (kDa)
protease Aspergillus melleus 61,62 32,29,27, 19
Aspergillus niger 63, 64, 65 e 40
Aspergillus oryzae 66,72,73 f m 47,31,22,20
67, 68,70 m 31,22,20
69 f m 44,31,22,20
71 47,26
Aspergillus phoenicis ™ 74 e 40
Aspergillus sp. 75 m 31,22, 20
Bacillus amyloliquefaciens 76,78 n 54,27
Bacillus clausii ™™ 79 26
Bacillus licheniformis 77, 82 g 28
80, 81 27,22
Bacillus sp. 83 h 27,24, 18
84 g 28
Bacillus subtilis 85 n 54,27, 18
86 n 54, 33,27, 18
87, 88 h 27,24,18
Geobacillus stearothermophilus ™" 89, 90 31
Penicillium citrinum 91 30, 20
Pycnoporus coccineus 92 32,27,23,18
Rhizopus niveus 93, 94 67, 44
Sphingomonas paucimobilis "' 95 18
Streptomyces aureus 96 40,27
hemicellulase  Aspergillus niger 97,98 40
99 59
103 27,22
Pycnoporus coccineus 100 32,27,23,18
Trichoderma longibrachiatum 101 63, 16
102 53,43

*1: Names and origins are provided by manufacturers.

*2: Samples with the same information and identical SDS-PAGE pattern are placed in the same row,
*3: Samples with different information and identical or similar pattern are marked.
*4: Molecular weights of major proteins are calculated according to band mobility. Figures in parentheses indicate bands
that appear only when large amount of a sample are loaded.
*5-12: Latin names of these producer microorganisms had been changed. Former names were as follows. *5, Aspergillus

aureus ;, *¥6, Thermomonospora viridis , ¥1, Micrococcus lysodeikticus , *8, Rhizopus delemar , *9, Aspergillus saitoi ; ¥10,
Bacillus subtilis ; *11, Bacillus stearothermophilus , *12, Pseudomonas paucimobilis .
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1,1-Diphenyl-2-picrylhydrazyl Radical Scavenging Activity of
Binary Mixtures of Antioxidants

Hiroshi Matsufuji*'$, Ryoichiro Sasa*!, Yuki Honma*!, Hiromi Miyajima*, Makoto Chino*!,
Takeshi Yamazaki*’, Tomoko Shimamura*, Hiroyuki Ukeda*, Toshiro Matsui*!,
Kiyoshi Matsumoto* and Kazuo Yamagata*!

*! Department of Food Science and Technology, College of Bioresource Sciences,
Nihon University, Kameino 1866 Fujisawa, Kanagawa 252-8510
*2 Division of Food Additives, National Institute of Health Sciences,
Kamiyoga 1-18~1 Setagaya-ku, Tokyo 158-8501
* Faculty of Agriculture, Kochi University, Monobe-B 200, Nankoku, Kochi 783-8502
* Division of Bioscience and Biotechnology, Faculty of Agriculture, Graduate School
Kyushu University, 6-10-1 Hakozaki, Higashi-ku, Fukuoka 812-8581

The effect of a binary mixture of antioxidants on the 1,I-diphenyl-2-picrylhydrazy! (DPPH) radical
scavenging activity was investigated using 11 antioxidants as food additives or 24 natural antioxidants.
Among 55 combinations of binary mixtures, including 11 antioxidants, BHA, BHT, catechin, quercetin,
sesamol, ferulic acid, gallic acid, morin, ellagic acid, a-tocopherol, and é-tocopherol, the DPPH radical
scavenging activity of 36 combinations were significantly greater than the expected activity of individual
antioxidants, resulting in synergistic effects. Also, one combination showed antagonistic effect. Among 276
combinations of 24 natural antioxidants, including 4 benzoic acids, 3 cinnamic acids, 12 flavonoids, 2

vitamins, and 3 diterpenes, 74 showed synergistic effects and 61 showed antagonistic effects. However, the .

ratios of the actual to expected activity of many synergistic and antagonistic combinations were about 1.1-
1.2 and 0.8-0.9, respectively. (Received Aug. 20, 2008 ; Accepted Dec. 3, 2008)

Keywords : antioxidant, antioxidant activity, 1,1-diphenyl-2-picrylhydrazyl radical scavenging activity, synergy, antagonism
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TOVBREER &2 TRET L /2.

X B N &

1. & E

DPPH @RI TEM A H W/, B—otaWdros

BEALB LA 1L BHA, BHT, (£)-# 7+ > (CT), &
Wt F v (QC), trans-7 = )V 5 (Fer), BT (GA),
Y v (MO), 4 €—n (SM) I35 {LaK%Y, p-a-F 2
7 = 09— (aTOC) (3 MP Biochemical &, p-a- + =
7 x 0 (dTOC), =5 7k (EA) it Sigma & A HuL
fo. REEMRMAE  p- £ Vo4 Y LZEHE (pHyB),

=y v (VA), 7o brhs (PA) LRBETRRE, B
REEFE 3 M, 1 7 <8 (Cal), p-7 =Vl (pCou) £ 7 =
NSERE, 7R/ A FEIZE,; TEX =Y (AG), VT
AU (LT), 7v7za— (KM), " AEF v, £Y
v, ¥YEFry (MC), »Fr (RT), 7+1+t&F > (FT),
gE 74 (TX) v7=Y v (CY), "onT=v >
(PG) &h5xviE, oy v8H2E;, TRaLE V8
(AA) éa-baozo—n%, VFAXVEEIE, nr~w
) Bk (Ros), #1v/ & ik (CarA), # N/ v — v (Car)
SRR 1, dini{buk, 7 3 v & 504 Sigma ¢k
EFOEBALK. ZofoREITHROFEAIEE, Kit
Milli-Q 7k & FH W 72,

2. DPPH 5 L HIiEREMRER

RERY ICBE L TIT - 7o, THbE, 9/ —MTERL
toikEEE 2001142 0.1 mol/1 Tris-HCL & & (pH 7.4) 800
ul, 0.2 mmol/1 DPPH-x % / — Ui | ml % MR hn
L, 10 iEHREAR, ERETIC T30 oEmELL %
D%, 517nm O (As) 2MEIFE L. SRERo b
Witz d /7 —VARMUALBOWEE 22 po—u
(Ac) &L T, AEoEERELU TR TRD, i,
50% iBER 2 52 5 BAEROIRE % 1Cx, 25% HER
25 B RHBE A 1Cs & L1,

HEER(%) = (Ac—As)/Ac X100 (1

3. 2HSEAROFE

BIBENFNEFNICEH 5 W ICxHEDEEICR S &
T 2N DREAEREEFR L. THbb, ICWEF
3 ICH D 2 {5 & 1 e HBIL, SR Tidty L7
C®@@éﬁw1,Lﬁﬁ&kaHﬂ7vﬁwﬁ£@
() #EL 2.

—#%A91Z DPPH 5 ¥ h ViEiEdE 3788 L /2 DPPH #
EORIGHRICHEEL 25 &m0, EEHEL LT
ooy 2 RERMBHCHEL, ooy s ZERTEAC &
LTgibsns o &mnzgun. Larl, AlicksvTia
QAR EEXRACEARNLET S0, tony s
2 TOFBLETH S, Kb icE A+50 B 0iRaY
OTEMIE LE I, BEEE A LHEHB (2heh 2k
PO #METECEELL

4. FRHELOLE

A EHEBOR
BEER O e,

EEMOHEROTENE (p) 4,
T o ek 1z,
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(13) FARE - fh: 2 RAOYBEFRD 5 ¥ A AHEREN 131
£ 90 90 90
> go! BHA go| BHT gol CT
5 70 70 70 /
S 60 60 60
£ 50f : 50 o
§ 40 40 40
8 30 30 30
= 20| 20 20
£ 10 10 10
& 00— 0

01 2 3 4 5 6 0 2 4 6 8 10 12 2 3 4 5 6
ug /ml 90 ug /ml pg /ml

Radical scavenging activity (%)

0 C— 0 0< 0C
0 2 4 6 8 1012 0 5 10 15 2 25 0 1 2 3 4 5 6 06 5 10 15 20
- pg /m pg /ml g /ml ug /ml
® 90 90 90
z 80 EA go| aTOC go} dTOC
) /9/0/0 70 /’/O_O 70
& 60 60 60 />/O
£ 50 50 50
§ 40 40 40
3 30 30 30
= 20 20 20
£ 10 10 10
& 00 06 0~
0 1 2 3 4 5 0 5 10 15 0 5 10 15 20
pg /ml pg /ml pg /ml
B 1 #LBsiE#o DPPH KT
— 1 5 7. S
lo= (T 1) — (I X 1o/100) @ R & T ARBIREL 0.96 DL E O E#REE & - T DPPH

T T L REE A OBER, b I3EK B oHERERT.

Ltedi=> T, TOFRIE T &ERIE I &2 EL, BE
FOW LA RIS T AN L 7o, SHRIEEE, R
& PR I & R vy OO EZEOREETY,
fEREER 5% TEOHEAHE L2, k/Inkka 1L ETH
EBEH)OBESLHEYDR, LUTTHEEEZSYDOGEE
HEHER, #hlAoBEEHIIREMEL. B6,
RESIIMT L R TRE3ERR VR L TITL, T/l
HBAREN (12811 &3 0ihs0gEs (08 LIT) 356
Bl#0EL TT- 1.

B B R

1. {530 DPPH S5 U hIHKREHE

RIEELALEEFO DPPH 5 VA Wil EEMZR 1 1R
3. KEBRTHWE 1 EEORBLAER OEE D, REK
BRI PR Len, HEEE0~T0% 24 BEL Lo
T B AR EEMSED St Lhl, 60% DifEEE

SO NEHELEL £2T, ARBEELAVWT 2SO
BeficLbiMEERA & E LT

2. 50%PEEREICHITZESRTM

FT, BRBESZENEFN CoflinEEICs L DI 20K
DORESHEEAERL, HEBEOT<xTofAsEbE G5 &
») TDPPH 7 V4 MHEEHAIE L 7. R1IRT &
I, BIBAZROHEAGHEIL64.2% (ATOC & BHA) »
5 78.8% (aTOC & BHT) DO#iBHIC & - 7z, 50% [HERRE
DHAELBICLE T 00, BAYOHERIE 100% it
WEE G PRI N, BRI TS%HIRTHD,
BAYMOMERIME L OREROE LEICRESTVWEE
Zoht, —H, RO KBWTIE, HER0% ERT 25K
DOREFBOEERI 5% 41T ETFilllahs, Lic
MoT, AERIFRELSRELANZOTIREL,
ARSI BERE, HIMcERTsLEAON
. Lbl, @1kt L9, DPPHEEFETAERV
{ohOREHE BV TREEE 60~T70% LI ETREKE
HTREBCTEITbART I LS, BVIHERERTER
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fope

132 HASRMSY TS #Eo6% $£35 200943 A (14)
xR 1 BEHLEAO 0% ERERETO 2ENSEERICBITIZHEEE (%)
ICs(pg/ml) BHA  BHT CT QC SM Fer GA MO EA aTOC dTOC
BHA 3.89+0.07 — 73.4::0.4 69.5+0.7 69.00.9 66.1%£0.5 76.0%£0.7 68.91+1.3 73.0%£0.7 76.3*+1.4 73.3+0.7 64.2+1.6
BHT 7.32+0.13 — - 75.9%20.3 74.1%1.6 70.3%£0.2 77.6*£0.4 73.9:£0.9 76.5+1.2 76.9+0.6 78.8+0.2 72.3%+1.4
CT 2.63+0.03 — — — 72.0%2.5 70.80.5 73.4+0.9 66.4£2.5 75.01.8 78.4+0.2 69.9+1.4 65.6+2.0
QC 2.13+0.06 — — — —_ 72.2+0.2 76.0=0.5 78.5%+1.6 78.7£0.1 77.2+1.5 66.8+1.4 74.2+0.4
SM  3.73+0.01 — — — hd — 74.1%0.3 70.8+0.4 74.1+0.2 75.6+0.4 63.7+0.2 69.4+1.3
Fer 6.80*0.06 — — — — — — 72.8+£1.0 76.6£0.5 67.5+1.4 67.3%0.3 72.4+1.4
GA 1.550.04 — — — — — - — 76.5+1.1 78.6%£0.3 70.7=1.2 69.5+1.6
MO 6.41£0.41 — — — — — — — 78.5%£0.2 74.51.7 77.2+1.2
EA 2.24%0.08 — — — — — - — — — 74.3%£0.2 76.91+0.1
aTOC 6.37%£0.10 — — — — — - — — — — 67.1+2.5
dTOC 9.89%0.17 — - — — — - — — — — —
Bk 3oy R LBETORSE T EBERETER.
R 2 BBEBRLKIOD 5% EERETO 2HSBERICBITZEER Iy &FAE U
BHA BHT CT QC SM Fer GA MO EA aTOC dTOC
Iy Lk v Lk I L v Lk In I Iy I Iv Lk I Lk I L It I Iu Ik
BHA — — 58.0 55.3 51.6 51.1 53.2 49.7 58.2 56.1 58.3 54.2 56.4 53.7 56.9 53.5 53.6 50.0 51.8 48.2 56.2 53.1
BHT — — — — 51.0 51.2 51.3 49.8 51.0 48.2 48.7 46.9 48.5 47.3 48.2 46.8 49.0 47.8 49.9 45.9 54.9 51.0
CT - — — — — — 46.9 45,1 50.7 51.7 37.8 39.0 45.3 46.6 48.7 48.8 45.0 42.2 43.5 43.2 48.0 46.3
QC - - - - — — — — 57.4 50.8 52.5 48.6 44.9 41.1 52.3 47.9 44.9 41.4 46.4 38.4 52.5 45.6
SM - - = = - - — —  —  — 52,0 43.5 46.5 44.0 49.0 43.4 52.8 45.1 51.3 44.1 57.6 49.0
Fer - - - = - - - — — — — — 485 43.9 47.5 40.4 38.4 42.5 45.9 41.5 51.6 46.6
GA - - - - - - - - - — —  — — — 375 36.8 43.0 40.7 42.7 37.5 47.1 44.6
MO - - - - - = - = - - —  —  —  — — — 444 39.8 49.7 41.4 48.5 43.7
EA _ e e e s e e e e e e e - — — — —  — 433 38.8 50.6 44.6
aloc — — — — - - - - - - - - — — —  — —  —  — — 491 425
iTo€C —  — — = - - - - - = = = = = = = = =
fE12 31813 5\ 13 6 (Bl R URAIE € O E TR
TORGFRFHNIZTTE, 2N MOoZEL oKL BHA
- - . P e _ BHT +
BWEEZ LN, 2 I TRICEREOEIAMNICAS ICs (o
R RE CORATROFMEEIT - 2. gﬁ i - +
3. 2% HEREICETZRERFTM Fer | + | + ¥
Cu AT RIEORp A, chasmoraL @ L Te T T 1ol
k2 S DIRGHEREERL, 11 BOodXToffiaghbe  [EA | + PR T B R
. . N . - . aTOC | + + ~+ | + + + A+
(55 8D) TOEEEME LI, 7o, MEHOBELER ot
T 31010, SEEOMERABEATE & EREE BHA |BHTCT {QC ISM |Fer |GA |MO [EA [WTOCdTOC]

L, BRRHOBEER K () KB 3 1L.BLUI) 23k
fo. B2 xTCoMAEHLEOEMHEER v & Tl
HER () 27, By & 3—T a8E%RL 7.
ZAEDE I BY 5 EEEOZOEEELHE L 125
GBb¥rR2IRY. HoEN 1 DETERES D DA
AV RBEYDE, HoEs 1 UTTHEEEZS Y OMALE
HEIERDREIUEL-E A, 55 B DHAEDLED
36, 36 @Y CHENR, 1@ (75BETS 7B
THESESBE S, L, EE508ReB0T
bEOHEHEKRTI2ERE, B/NTOIBETED, bTh
ARIE R A EE S, b3V TEAEETH - 1.

B 2 B{LBAERIOBEAAPLEICLDB DPPH S UAILEE
EETREICKHT 2R
+ o W/l DD 1O LLL 12 Kl THEED Y.
+ 4 LW DD 120 ETEEXELD.
— I/ Ie DS 08 LI E L0 KB TCHEEEHD.

4. RS ICE T BRARTM

Bt U7z 11 OB LRI ORERIC B o 2 gL
BHELAS, HIMICEINSIEE FE 5, &2 W TR 2EE
ThH-12Eh5, W OhOMEKS%E BV RIS
L. 97bb, KEEHREIE, SRREIE 758
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AR - il 2 BROVIRGRD 7 ¥ ViHEEE 133

JA4 K12, B U2, YU EARV
T, B 276@h DA SHhEICE T S DPPH 7 Y h ilE
ARG L, RBICEHEM O ICoHERY. SO
A LA TR FElL, 7o R/ A4 FHITABE, 7
/= WEKBEEORICREL TEYD, Ihsico>LTEH
LM EN TV B EEEWERY &L —&F 5, RicEoh
EABEIL, ThooildabeoiEttic s FEIc
SOWTHRET L7 58, pHyB & AG HEEBTIHEBEAL
EME AR E 1 - fo (pHyB O7H%#E% : 50ug/ml,2.0% ;
100ug/mi, 3.0% ;200ug/ml, 38% ;300ug/ml, 4.7% ;
500pg/ml, 5.7%, AG DHEE% :20ug/ml, 2.6% ;40

%3 FERALCRB{YED IC, @&

ICs (ng/ml) ICs (pg/ml)

pHyB >500 MC 2.58+0.08
VA 12.84£0.28 RT 7.10+0.07
PA 2.14%0.01 FT 2.4240.04
GA 1.63:£0.04 X 4.0430.04
pCou 125+6.5 CY 2.88+0.07
Fer 6.58+0.14 PG 8.17+0.40
Caf 2.96+0.06 CT 2.5710.02
AP >500 AA 4.84+0.05
LT 3.60£0.07 aTOC 10.4:£0.02
KM 9.09+0.03 Ros 2.84+0.01
QC 2.36+0.01 CarA 4.77+0.05
MO 6.18+0.02 Car 6.81+£0.11

6 3 Inl o v sl Ul < o0 VAT Rl 452 T 4,

pHyB
VA

PA - -
GA =
pCou ==
FFer -= + -
Caf —— } +* - +

ug/ml, 54% ;60ug/ml, 7.3% ; 80ug/ml, 8.9% ; 100pg/
ml, 12.1%) 7%, £ Z£h 100pg/ml BL U 10pg/ml &73
LA IEEL, BeEBRcidscsEL 4, ¥
2 &t s A AbE (GA, Fer, QC, MO, CT, aTOC
DI5@EN) ICH>VWTHE, FLICEET s &L 24
AEDLEIC L ZERHERE TRHEREAR LIS, TR
ABlok 2iEETREIC 4 282 3 1RYT. 276 @0
DL EHEDH L, T4:E) THINE, 61 &) THED
B SN, EREMINTH - Lrl, £3 &
BE HITES X OIS <, Iw/Ielbds 1.2 EL L 2/R L
A EbEd 148, WA 08T A2RL A
GHLEIRBEN TH o712, 120 EOHAEDEDS L, 6
@3 aTOC LDlAaEHYE, 418D 3 PA LOMAED
BTHD, 08LTFOHAGOEDI L, 1T@EDIIVA L
DA EHE, 1278013 pCou & DHAEDLETH - 1-.

% 2

SHAGHEDH L, a-F a3 72— (aTOC) D
HAEbEIGARL L E, 2L 0EMEMEDRERL,
FRaE vEE (AA) EOMABEDE TR 1.24 15
Wi L7z, —H, aTOC &7 53K/ 4 FEOMAEDHE
A5 &, HIEBSRD ol boRVF4Y v (LT),
7 zo—n (KM), b5 v (QC), Y v (MO),
74t F v (FT) LOEAEDLETHD, 20 (745
=+ (AP), Y Y &F ¥ (MC), ¥ (RT), ¥+ v 7 »
v ATX), ¥v7=v v (CY), "snva=v v (PG), &

1
]
e R R

++ | +

AA - - —= + | -

+ -= ++ + - b ++ + ++ 14

Ros --{ + il IR U - + | + +

R

+ + - +

Car -1 + + + + +

pHyB| VA | PA | GA [pCoulFer | Caf | AP | LT | KM | QC

MO|MCIRT| FT|TX ] CY]|PG | CT| AA aTO(J Ros [CarA| Car

E 3 4BORBIYHECHEASHEICLS DPPH S SANEREHPREICKT 20

+ 1 I/l O L0 LLE 12 R THEES .
— Iw/Te DA 08 LILE 1.0 kil cHEAES D,
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134 AAREEMYTYAE $56% 35 20004 3 H (16)

% 4 FEBRCYED2B% ERRETOLHRABRERICETIHEE (1w &FAHE (v

pHyB VA PA GA pCou Fer Caf AP LT KM QC MO

v Lk v L Iy I I Lk Inm L I I Iy Ik Iuv Ik I Ik I Ik Iv I Iy I

pHYyB — — 33.5 35.4 18.7 20.6 27.2 25.1 30.2 29.3 21.8 21.9 26.8 23.9 0.0 0.0 18.0 17.2 29.5 28.4 26.2 27.6 23.0 21.2
VA —  —  — = 30.8 50.7 34.0 53.0 40.1 54.9 34.3 49.6 30.7 52.4 36.7 32.8 35.0 45.3 33.4 52.5 36.4 47.8 37.5 46.5
PA —  — — — —  — 41.838.8 35.2 43.9 46.5 42.2 50.7 40.7 23.6 24.9 37.0 39.3 53.0 42.8 46.4 36.4 45.4 41.6
GA —  —  —  —  —  —  —  — 349 45.5 48.5 43.9 44.5 41.6 23.2 24.0 36.0 36.2 46.0 45.3 44.9 41.1 37.5 39.2
pCou — — — — — = — — — — 387 44.0 38.2 45.0 29.8 31.8 31.3 41.5 35.9 51.2 39.8 5.2 35.5 44.3
Fer — . — = —  —  — 45.739.6 21.5 19.8 41.8 39.7 46.8 43.5 40.1 38.5 49.2 40.4
Caf e = == 99.8 32.5 38.8 35.0 57.7 51.2 59.5 51.4 48.6 41.0
AP - - = = = — — = 319317 30.5 28.7 17.9 21.2 33.5 35.0
LT . — == —— 430 41.9 50.1 48.5 67.6 57.6
KM S —  —  —  —  —  — 449 44.3 49.1 43.6
Qc o —  —  —  — —  — —  — 541 48.8
I\/IO P J— — J— J— —_— J— —_ — p— J— — o —_— —_— J— J— J— — — — —
MC RT FT TX CY PG CT AA aTOC Ros CarA Car

pHyB 20.6 20.2 21.7 21.5 24.1 29.0 25.0 27.9 24.8 24.2 17.4 21.7 20.2 20.9 21.7 24.7 22.0 19.3 27.3 25.8 24.1 24.4 31.0 30.8
VA 32.9 45.5 31.7 47.4 36.8 46.6 40.5 45.0 35.0 49.1 39.4 44.9 41.3 44.1 33.1 47.4 33.5 43.6 34.3 52.1 33.7 50.7 27.3 49.2
PA 40.7 37.7 45.3 40.1 20.3 39.6 61.3 55.3 46.3 45.1 40.7 41.5 42.5 40.4 48.8 44.5 51.7 40.6 59.7 51.2 60.1 50.3 59.1 49.6
GA 39.7 36.1 40.8 42.9 45.6 39.6 41.1 46.3 42.4 43.2 36.6 39.4 37.0 43.2 40.4 41.6 42.7 37.4 45.5 43.4 47.5 42.3 56.3 48.4
pCou 36.4 43.5 35.4 45.2 38.5 52.4 38.6 50.6 34.6 49.4 33.8 44.2 36.7 45.5 16.9 47.5 35.0 43.7 39.3 49.4 38.4 48.4 40.4 51.8
Fer 36.2 35.3 42.8 38.7 46.0 41.8 40.6 42.5 44.1 38.5 36.0 40.0 37.8 39.0 49.3 47.6 52.2 43.9 57.5 41.5 46.2 40.3 52.1 46.5
Caf 45.1 40.0 49.1 42.2 46.8 43.0 45.1 40.6 49.7 49.3 40.6 42.4 42.9 42.5 47.1 41.5 46.5 37.5 57.5 49.4 58.5 48.4 58.6 49.4
AP 17.4 14.7 21.2 20.7 24.1 25.5 28.8 27.8 15.6 15.6 20.8 22.0 32.0 31.7 12.5 20.6 20.1 20.7 26.2 27.9 22.1 25.7 31.1 32.6
LT 31.3 30.8 37.4 35.0 47.2 46.5 61.3 52.8 48.6 44.9 35.5 35.9 55.0 55.4 33.1 36.5 39.9 36.4 43.7 41.3 40.8 39.5 39.5 39.1
KM 36.5 35.9 45.0 41.9 50.3 43.0 46.1 41.7 51.1 49.4 43.6 41.8 44.5 48.0 44.9 45.0 51.5 41.1 53.2 46.7 49.6 45.7 59.6 50.8
QC 36.3 33.7 40.1 38.3 38.4 35.5 50.9 43.1 38.3 33.5 34.0 38.1 51.3 46.2 43.5 42.6 46.4 38.4 51.0 44.0 36.4 42.2 42.5 41.1
MO 35.4 32.9 49.6 45.3 52.5 46.8 59.9 53.1 48.8 45.1 38.0 38.5 56.7 55.6 48.2 45.3 49.7 41.4 50.1 42.5 43.0 40.8 43.3 43.8
MC RT FT TX CY PG CT AA aTOC Ros CarA Car

I L Iy I Iy I Iy g Iy I v Ik Iy Lk In I Iv Lk Inv Lk In Ik I &

MC —  — 35.8 33.0 34.9 32.5 37.7 35.6 28.5 30.0 33.0 35.2 37.4 36.6 43.0 38.2 38.4 34.7 33.2 31.1 39.9 34.7 36.8 40.4
RT —  —  —  — 38.4 36.9 17.2 34.3 41.7 38.2 37.2 38.0 36.6 36.1 36.9 39.7 43.7 39.8 47.5 41.0 45.5 39.9 48.5 44.7
FT —  —  —  —  —  — 46.6 40.9 39.1 30.9 36.0 36.5 45.7 44.1 35.6 39.0 45.6 39.1 46.7 42.6 43.2 40.9 45.1 42.3
TX - — —  —  —  —  —  — 455 39.1 38.0 38.5 41.1 40.7 38.8 42.7 49.2 42.8 44.3 41.0 40.7 39.1 44.9 43.0
cyY - — — — — = — — —  — 37.64l.4 445 42.4 49.4 39.8 35.2 34.6 39.2 37.1 43.4 40.6 50.1 48.1
PG - — — —  —  —  —  —  —  — = — 36.4 37.0 39.7 42.1 38.6 37.8 48.7 46.1 39.7 38.1 38.7 42.4
CT - — = —  — —  —  —  —  — 38.0 43.1 43.5 43.2 42.4 42.7 38.5 40.9 38.1 40.3
AA — — — —  —  —  —  — — e —  — o —  — — 43,1 34.6 56.4 47.1 36.7 40.1 42.5 47.0
aTOC — — — — — e — e —  —  —  —  —  — 49.0 43.1 44.4 41.3 49.8 45.0
Ros — — — — — — — — = = = e — = = = = = — — 484 43.8 59.2 53.4
CarA — — — — — = e e = — — — — 444 441

B sMd VI 6MOEYELMETHFEMTEIR 1B, IC B oNEHA > 72 pHyB (2 100pg/ml, AP 13 10pg/ml DEIY
TEHL 7.

F4& v (CT)) L3N TH -1z, Fiz, AAL 758/ LIREMOERE AL T, aTOC &7 5K/ 4 FHH,

4 FEDIHAEGDEEALE, HEGESEHONLLD AA L7 F7E /A FETREMBTS -2 EEH LI
T MC & CY, HESEMED SN DR AP ELCT T LTW3A. Murakami SOREHELHYZ 758/ 4 F
Hb, ZOMIZTTHINMGTH - 2. Murakami 5% 3 5K (QC, KM, RT, CY, CT) 1049 2[L#d 2 &, aTOC
DPPH-HPLCHEZ W TaTOCH 3 Wi AA & 158D vsQC, aTOC vs KM, AAvsCY, AAvsCT D 42D
TSR/ A4 FEFhFN 0pM TRAL, &SEHECM #Hagbe cHEREPEL > T, L L, Murakami 5
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(17) FARE - fth 2 BN IRS

D5 D H i EE 135

DfEEE ORl—0BE coRiT ER—0m M ICxs)

OKE, @ FilliEHECEROFEL DR TRE (ED
5, FEEOE, 50% OHERATLZREEEDYE TH 100%

IR SV, SRS TR CUd T b siEw s h B

H, IEHEARECELGIHMELTREBE AR 452 &
MTEBVANS, BEROFEMOEEICHK @) A2 H 0.
1212, RAZTOMBOMER, CbBIFAFEPVD
PRSI X TR Y, SREoITA TR L A
VETHHD,

Saito & Kawabata® 7 o +# 57 78B L0 2 0Nk
REFA—AHHELET I vHEOBREDELIFS I
L, 7o b A5 7807 71— EEOBESBS L TV
B EERELTHSE, AR TE, FA-NMEBLUT
I VHERLTORY, A7 a3 — G0 EED S Hil
5 &, LEERE EEBE KM, QC, MOBXU
CY, PG & oltizidif o hofifz ;A b & A4
SPLAEN, AFa—AEEOERICLAHEARNDICH
EHRAWMABMETH A, §hbb, #H-o{beYok
&&ﬁh%mf@ B - fo R s s T

Zicbbod, 2lAMOBREURENET I EHE

)%mki%dbchbﬁ,L®é065,§ﬁ®WWK

YIS A TH B C ENE SN S,

A#&# HAEOEORREEEEmMTtH Y, /it
FHEB L OHESDENREY ol abE it 0T
b, 202 BEMGEREELHLSMIC LR, 50 E T
BIEETH L T EMMO N ES -k EF S (3 66 FH
OHRE - HFEOMETRO DPPH 5 Y A vl kiGtt s ® Y
7=/ —VEBEAMEL, RIS S WEKRMABO T L
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