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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
*! Division of Food Additives, National Institute of Health Sciences,
Kamiyoga 1-18-1 Setagaya-ku, Tokyo 168-8501
** 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)-diphenyl-2-picrylhydrazyl (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 &-tocopheral, 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)
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L L, Baheknfld 2 VWi EEMS Y EEHRIERICE
WTHEFRES 2ECTIRS, EErSBREERNG
BoLiiRMEnE THuhE, HEVDREZETIES,
EHM» S BELRERL L L, ERORELL LE(RM
ballictib, ERUREETIVARE(RRLEC
L d, EE MHETEOWUSRICEBLTI, LiIFL
ALY OMEE £ 75 & OIS VT L AHE
Sh, *ORMIEIAATH LY, BAMOR SH»OMEF
ATUbLEREDES S VARSI L5 bD LIRS
nTHnaI",

TAINE BiEa-ra7so0-VdHEHREHRERT
HZRALEAEDETHD, invitro" B LU in vive' I©
BOTHENIRETRI CEPMBEATVE, ChidT A
anEvita-t3 70— MM A NEEET S
BTN, a-b2720-0H35 PHLERELLRIGHE
EPAINEVEMPRITL, a-F 27 20—~ EHES
Ao tiRLBEEZONTVS, FofioflasbeT
{2, Pekkarinenn &' i3 ) / — B2 F LOR{LERBRT
KEWT, 73X /4FTHEE VeFvBLULF i}
a-+ 37 20— LOFETTIEBRNLGRELEERT D,
e F ZERNATHREGETRTCLEEELTY
%, Hiramoto 5'2 (3}, AKBE~+4 #Hh o5 ZHF
TODPPH 7 VA VHEBERMERIBVT, TR W
triiia-t 372 0-LORESBERDEETRT LD
D, HTFHEPTI yHEU Y IEEDREREAMVLE
LTwa, —4, Murakami &' (3, DPPH-HPLC &#& Y
vy —afifto 2 ooEBEEAVWLECS, T EHoA
FERUHL—F, TEATEAH L=, FteFrida-
b3 7 20— AFETFICEWT DPPH-HPLC BT 248M
FISREEEEE R, ) # Y — AR T BRI
BltEE2 Ry CLEZHOhc LTV A, HA5DEEN
THY, BEUTHSEIHT ORO Y, RoMOBEEERD
EREEERES L ORRT 2B LB IckET 5 &
EXohTULA,

LT, APHETHEEMIHEMIKEE ) 2 ki
WEhTVaB—H 50w 38/EMIEN 11 B 2 KaiRE
# (55:8b) Iz MBLRE%Z DPPH 5 ¥4 Lvik
EHEEVT22ORMELATRHELE. X5ic, BE
EHHENB L VT oORAEROHES,H S, TEERE
M HEMM, 75+ /4F8, 20 UL
O 24 HOonE{taE My, £ollaabe (276:0)
TONBIEHR GG TR L 2.
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DPPH RIEETRMEF V2, H—lk&ib o

SEE(LRAILA 11 7 : BHA, BHT, (+)-# 7%~ (CT), #
Nt F v (QC). trans-7 = 5§ (Fer), {RRFE (GA),
1) v (MO), £4E— i (SM) BRF(LEY, p-a-+2
7 = @ — b (aTOC) (& MP Biochemical &, p-a- + 2
Zx0=J (dTOC), =578 (EA) 3 SigmaMEHH
f:. ZREMRM4HE ; p- £ Vo ¥ v LB &M (pHyB), 7~
=) «f (VA), 7ot A7 78 (PA) tBATFEE, &
BMSA3F ; » 7 <8 (Caf), p-7 =i (pCou) &7 =
WoEE, 738/ 4 FRIZHE; TEY =~ (AG), ~F
AU ¥ (LT), rv72zo0-1 (KM), ¥iktFv, £
¥, 1) eFr (MC), #F¥ (RT), 7 1+ F v (FT),
Y724 (TX) »T=2v (CY), A3NT=3y
(PG) ¢h7+v%, K71 vHi2@ . TAOAME VYRR
(AA) ta-ba37:0-0%E, VT2 B30, 07
|) @ (Ros), # s B (CarA), A/ v — i (Car)
BFOEEETE, HR{R 77225301 Sigmadt
LHBALYL. FooRELTRONEBEESE, ki
Milli-Q 7k & .

2. DPPH 3 I ANHEEEENEE

Y IR TIT- . Thabb, 27/ —IiciERL
72E0E 200 p1 42 0.1 mol/] Tris-HCI B®#E (pH 7.4) 800
pl, 0.2mmol/l DPPH-x % / — AG# | m) 2 MASCEM
L, 0BMHMRAK ZEREATICTIOSMBRELLE. £
D&, 517nm QWAL (As) 2RE L. BES#OKD
hiczy s, —-n2ENLELBEORALEE I o -
(Ac) &LT, BHOHERELTOR TSRS, £1-,
50% HEBLZE5X 3HEEHOBREEL ICw. 25% iHER
P5ASHHBELIC, & L1

iHHE®(%)=(Ac—As)/AcX 100 1)
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COBEEERVWT, LidHEICTDPPH 3 94 LilEFE
# (In) 2HE L.

—# i DPPH 7 &4 WidEiEH 2 18% L /- DPPH @&
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LTRiglbahac &n®n, LoL, BBV TR
EAMOREBERACLE2BMET I LY, booy s
ATORBLIRTHT, fbbhicEH A+EH B oRE&Y
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Lzhi=T, TOTFHIE I & RRIM 1 & 2L, BE
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D FRIM e & ERE e OTFE@OZDORELEITV
R TEOFEREEELL. /WM IEETE
BEEDOBELHEENR LT TEERShOBSE
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MREWV (12ELE) 30D VEE (08 LITF) Wite
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1. #H#o DPPH 5 ¥ HILEETH

& HiRE{LBS 1 %o DPPH 5 9 A WiHEEMER | 107
T EEBTHV . ) AEOBMLBILA O/ERE L, REHEK
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M{EMLERO 0% EERETO 2 RSRERICEIZHER (%)

ICy(pg/ml) BHA BHT CcT QC SM

Fer GA MO EA aTOC dTOC

BHA 3.89%0.07
BHT 7.32%0.13

75

— 73.4%+0.4 69.5+0.7 69.0%0.9 66.1+0.5 76.0+0.7 68.9%1.3 73,0+0.7 76,3%1.4 73,3+0.7 64.2%1.6
9%0.3 74.1+1.6 70.3+0.2 77.6%0.4 73.90.9 76.5%1.2 76.9%+0.6 78.8+0.2 72.3*1 .4

CT 2.63%x0.03 — — g 72.0£2.5 70.8%X0.5 73.4#0.9 66.4+2.5 75.01.8 78.4%0.2 65,9%1.4 65.6%2.0
QC 2.13%0.06 — — - — 72.240.2 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 — —_— s — = 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%x0.06 — == == — = = 72.84+1.0 76.6+0.5 67.5%1.4 67.3+0.3 72.4%1.4
GA 1.56+0.04 — - = — tn s - — 76.5£1.1 78.6%0.3 70.7%*1.2 69.5%1.6
MO 6.41%0.41 —  — = - - — - —  78.540.2 74.5%1.7 77.2%1.2
EA 2.24%0.08 —  — - - - - - - —  74.3%0.2 76.9%0.1
aTOC 6.3740.10 —  — - — - - - - - —  61.1%2.5
dTOC 9.89%0.17 —  — - - - - — — — - -

iz 3 EoWDE LAETOTSE L BRES THR

%2 BMIEHLEMO BEAERETO 2RSBRRLEISEEE () &TFHE (1)
BHA BHT cT Qc SM Fer GA MO EA aTOC  dTOC
W le W e W e W le W o W ol e e W Ik o w e o Ie I I

BHA — — 58.0 55.3 51.6 51.] 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 — — — — 51.051.251.3 49.8 51.0 48.2 4B.7 46.9 48.5 47.3 48.2 46.8 49.0 47.8 49.9 45.9 54.9 51.0
CT — - — = = — 6.9 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 — = — — — — — — B57.450.8 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
Fr — — = =— =— — — — — — — — 4B.543.9 47.5 40.4 38.4 42.5 45.9 41.5 51.6 46.6
GA — — - — — — — — — — — — — — 37.536.8 43.0 40.7 42.7 37.5 47.1 44.6
MO — — — — — — — — — — — = — — — — 44.439.849.7 41.4 48.5 43.7
EA - — — — — — — — — — — —= = = — = — — 433388 50.6 4.6
AT — — = = — = = =S = = = = e = = = = = = A2
4qTOC — — — = — = = = = = = = = = = = = = = = = —

@Wi23E» 30 6EOMNELAETOESHMTRHR,
TORESFRFEL TR, 2AMoEEE+SicEmL
HWEEL SOt O TRICEBHEOTENICAS ICx *
ETRTRECORAFOWHEET- 1. = - + -

3. 5% HEREICETIRESREE T Y T

CofiATTARORS£MANE, hegmemal (A1 1° . S
2N ORABALENL, 1l ot <To#ssbHE + + |+ - [ +1+

R = TQC | + + ++ | + + + [ ++ ] +

(55 80) TOFERELELE. £, MEFOBRELER o T I+ =+ e Bl ]
Ta-0i, ZREOMELLBARY LN ICEERE 0 [EA
L. BENOMER (X (2) KBIELBLUNL 2RY B2 REBLMOBSEDOEICLS DPPH 3 Y0 k%

fo. RLLTATOMAESHEORMHAER (Iw) &FH#l
HER (0 2577, By & hii—HT2EEERLLE,
SHsebe B I EGEoZOEEELHEL S
ShbexF2icTd. Hofid | LETHRES OIS
SbeHERMR, Hoils | LUTeaRESs nolad
HERERYREYELALLCS, S5l OMAEHED
35, 36 ) THEDR, 1@ (7=2158L x5 78)
THREDEMNBEIh:, Lil, YE5oophRicsuT
bEOHIRAT 12120, BT IIEETSHY, bTFh
IcHEmMRE LS, H3VWTOHIEETH -1,

BEEFHECHTIHR
+ilu/lh DM 10U E 12 RS THRESL D
4 I/l OHD 2L ETHEEBSD,
—:Iu/le @A 08 LLE L0 RIETHMES D,

1. EQCEITIREREE

BHLAL N EEOMLBERORERICE T 2L
BEY, bfhicEnHRE EES, 30 I3TRSEE
TH-CEh G, VW 2O EB VTR RN
Lz, bbb, XEEMPE M HEMRMIA, 75
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JAFHI12H, ¥y o8 Yo~y H3HEHERAV
T, iHteteMin ofASHhEICE TS DPPH 5 ¥ h WillE
EERE L. RICEEHO G, litTY. EHoH
SR EREMM, HEME, 7oK/ M1 FHETADLE, 72
s =K ROBIEELTED, Choiz2WTILsH
SHICENTVAMETEHENY L —H4 3. ®icilioh
HEEBREC, ChonilAebeOElcRIITERC
SWTHRETL &, 7%, pHYB & AC REARUTIRREAL
Stk R& i -7 (pHyB ©iHERE% : 50pg/ml2.0% ;
100pg/ml, 3.0% ;200pg/ml, 38% ;300pg/ml, 47% ;
500pg/ml, 57%, AG DiHER% : 20ug/ml, 2.6% ; 40

%31 ERALCEMIESHED IC, @

ICy (pg/ml) ICs (g/ml)
pHYB =500 MC 2.58+0.08
VA 12.8x0.28 RT 7.10%0.07
PA 2.14x0,01 FT 2.42120,04
GA 1.63%0.04 TX 4.0420.04
pCou 125+6.5 cY 2.88%0,07
Fer 6.58%0.14 PG 8.17X0,40
Caf 2.96%0.06 CT 2.57%0,02
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

il IEoRnELMECOTEHBLEEEETET.

pg/ml, 54% ;60pg/ml, 7.3% ;80pg/ml, 89% ; 100pug/
ml, 121%) 4, £h€N 100pg/ml ELT 10pg/ml &7%
ALHICHANL, BRABMIcTIcLELL, £ B
2 :—Bfli 55A4 S5 (GA, Fer, QC, MO, CT, aTOC
O15#0) IL2WTi, FRBiETS &L 24
SAEbHICLIERHERE FRMERER L, $128
Bl L ATEMTRIEICHT SHRER 3 ITRT. 2716:8b
oOEASbEOS 5, 14 HD THESDR, 61 @0 THES
BEEsh, ¥HERENNTE-7. LhL, ®3ILE
B MEREE JUBBRETE, WA 12 BLERRL
EHAESOEIR 148D, WIS 0BLTE£RLAMEE
ASHHIRBANTH-10. 12LEOHASEDED IS, 6
@it aTOC DA SHYE, 4D Ii2PA LO#AED

#THH, BLITOMASDOEDSS, ITHNI VAL
DA EDYE, 12:0 (2 pCou LOHABHETH -1,
x il

2HASHEDI6, a-+ 37 20— (aTOC) L O
LA4EbEEUELLE, B DS EHETNELTRL,
7RI 2B (AA) LOHAEDE TIREM 240 1.24 &
s L, —#, aTOC & 754/ 4 FLEDMASDHY
$a3L, EEHRMELONELbDELFA Y ¥ (LT,
Frr2eo-=0(KM), fatsr (QC), €19 (MO),
712F 2 (FT) LOHAEHETED, TOM (TEX
=7 (AP), Y +F~» (MC), ##+¥ (RT), #¥% 72
Y (TX), #T=¥v (CY), =5n0F=2» (PG), #

+ -
++ - +
- +
++ —_— +
++ e + =
- | ++ | + + [+ 1 +
. +
+ — | + | + +
— |+ | =]+ ]+ + -
+] -] — + |+ + 1] + — | +
— | + + + + + | +
- - +
ayee + e + +4
-+ | + - + | =+ + | 4+ | 4+ | ++ + o
+ — ]|+ - +[+T +]+ + | + + | +
+ + — + | ++ - + + - +
+ + | —1 + + + + = - + L
PA | CGA For |Caf | AP|LT|KM|QC IMO[MC|RT| FTITX [ CY| PG | CT | AA WTOQ Ros [CarAl Car

H3 UloiR{EROBAEHYICLS DPPH 5 SHLEEZTEFHMCMT 02

+ ol LSt LOLLE 12 RRTHRES Y,
++ /e O I2ELETHEZS D,
= Iw/le DEMOBELE 10 RETHEZS D,
== lu/lg DM 0B kil THEESD,
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*® 4 HMILHRO 5% HEBRATO 2 WA BERICETHNER (L) SFNE (o

pHyB VA PA GA pCou Fer Cat AP LT KM Qc MO

lu |: |u Il II-I iz Il-l le Iu l; !u ||-, Iu 11 iu Il Iu I: Iu I[ lu !: Iu I!
pHyB — — 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 13.0 21.2
VA — — — — 30.8 50.7 34.0 53.0 40.1 54.9 34.3 49.6 30.7 52.4 35.7 32.8 35.0 45.3 33.4 52.5 36.4 47.8 37.5 46.5
PA =1 = o= = = 41.8B 38.8 35.2 43.0 46.5 42.2 50.7 40.7 23.6 24.5 37.0 39.3 53.0 42.8 46.4 35.4 45.4 41.6
GA - — — — — — — — 349 455 48,5 43.9 44.5 41.6 23,2 24.0 36.0 36.2 46.0 45.3 44.9 4.1 37.5 39.2
poy — — = = = - — — — — 38,7 44.0 38.2 45.0 290.8 31,8 31.3 41.5 35,9 51.2 39.8 51.2 35.5 #4.3
Fer < S = — — — — — 45.7 36.6 21.5 19.8 41.8 38.7 46.8 43.5 40.1 38.5 48.2 40.4
Caf w1 dl e = g = B . = - — — 29,8 32.5 38.8 35.0 57.7 51.2 59.5 51.4 48.6 41.0
AP == L E= ) = g ) A S - : - = = = = 1.9 3.7 30.5 28,7 17.9 21.2 33.5 35.0
LT - e e = e e e = e - e = = = = = = = 0049 50.) a5 8. 8
KM - = = = = = = = e = e = = = = = = = = = A9 348 B
QcC = ke B we e e e =R b SR ek e — == e = = = LY
MO T — _— = wm ey e s aw e e ee - i — = = - _ = =

MC RT FT X CcY PG CcT 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 21.9 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 4T.4 33.5 43.6 34.3 52.) 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 €0.1 50.3 39.1 49.6
GA 39.7 36.1 40.8 42,9 45.6 39.6 41.] 46.3 42.4 43.2 36.6 39.4 37.0 43.2 40.4 41.6 42.7 37.4 455 43.4 475 42.3 56.3 48,4
pCou 36.4 43.5 354 45.2 385 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 5|8
Far 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 45.1 406 49.7 40.3 40.6 42 4 42.9 42.5 47.) 41,5 45,5 37.5 57.5 40.4 58.5 48.4 58.6 49.4
AP 17.4 14.7 20.2 20.7 24.1 265.5 28.8 27.8 15.6 156 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.%
LT 31.3 30.B 37.4 35.0 47.2 46.56 61.3 52,8 486 44.9 355 359 550 55.4 33 ] 365 39.9 36.4 43.7 41,3 40.8 39.5 39.5 35.)
KM 36.5 35.9 45.0 41.9 50.3 43.0 46.] 41.7 51.1 49.4 43.6 41 B 44.5 48.0 44.9 450 515 41 | 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 B0.9 43.] 38.3 33,5 34.0 381 51.3 46.2 43.5 42,6 454 3B.4 51.0 44,0 36.4 42.2 425 41.]
MO G5.4 32.9 49.6 45.3 52.5 46.8 59.9 53.1 48.8 45.1 3B.0 38.5 56.7 55.6 48.2 45.3 45.7 41.4 50.1 42.5 43.0 40.8 43.3 438
MC RT FT TX cY PG CcT AA aTOC Ros CarA Car

m e W I I I I b I e I T I Ik I I W g I Kk W h W I

MC — 358 3.0 3.0 32.5 37.7 35.6 28.5 30,0 33.0 35.2 37.4 35.6 43.0 38.2 38.4 3.7 33.2 31.1 39.9 34.7 3.8 40.4
RT — = e — 38.4 36.9 17.2 34.3 41.7 38.2 37.2 38.0 36.6 36.1 38.9 39.7 43.7 39.8 47.5 41.0 45.5 39.5 4B.5 .7
FT —_ — == = — — 45.6 40.9 39.] 30.9 36.0 36.5 45.7 44.] 35.6 39.0 45,6 30.]1 46.7 42.6 43.2 40.9 45,1 42.3
TX — — — - - -— -_ — 45.5 39.1 36.0 38.5 41.1 40.7 38.8 42.7 49.2 42.8 44.3 4).0 40.7 39.1 44.9 43.0
cy - = = = = = = = = — 376414 #4.5 42.4 49.4 39.8 35.2 34.6 39,2 37.1 43.4 40.6 50.1 48.1
PG = = = - - = - - = 364 37.0 39,7 42.1 3B.5 3IT.8 48.7 46.1 39.7 381 3B.T 42.4
CT - — — - - — - - — - - — 38.0 43.1 43.5 43.2 42.4 42.7 38.5 40.9 38,1 40.3
AA o - - -— - - — - -~ — — -— - - = 431 4.6 56.4 47.1 36.7 40.1 42.5 47.0
aToOC — = — =5 == =i — - -— - — - - — — - - = 49.0 43,0 44.4 41.3 49.8 45.0
Ros e . . - _— e i — - - - - - - - - == 4B.4 43.8 50.2 53.4
CarA A — = = —= _— - — —_— — - — - — — - - -— o = =3 — .4 4.1
WI3IEHIVRECENELMETOTE@TRT. U, ICaHMoUR SN -7 pHyB 12 100pg/ml, AP 12 10pg/ml D&
TEMALE.

F¥+ 2 (CT)) LR3I TH -7, £/, AAL 734 LBEYMOFEEEELKLT, aTOCE7 34, 4 ¥,

{ FEDOHASHhEALE L, BEDRLBHONALGD  AAL7 K/ A FHITREMNTE 12 & EHShic
i MC & CY, HRUEMEW SN bDIRAPECT T LTW3, Murakami SOBREHBLIZ 75K/ 4 1
S0, TORUZT<THMEITH - 1:. Murakami 52 55 (QC, KM, RT, CY, CT) 10:@h 2K+ 2L, aTOC
DPPH-HPLCE AW TaTOC H 5 VIR AA L I5H®D  vsQC aTOC vs KM, AAvsCY, AAvsCT @450
75H/ 4 FEERFRI0DM TRE& L, &FHlE0H HI8b8THREMRY TV L L, Murakami &
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