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trans-Resveratrol (3,5,4 -trihydroxy-trans-stilbene, RES), a naturally occurring polyphenol, is well known for its
antioxidant, anti-platelet, anti-inflammatory, anti-aging, cardioprotective and cancer chemopreventive properties and has
recently attracted increased interest as a health-beneficial agent. However, the recent incidence of rhododendrol-induced
leukoderma highlights the risk of using compounds having p-substituted phenols because of their rapid conversion to
toxic o-quinones. Based on its p-substituted phenol structure, RES is also expected to be a substrate for tyrosinase and to
produce a toxic o-quinone metabolite. In fact, RES was found to be a good substrate for tyrosinase. The results of this study
demonstrate that the oxidation of RES by tyrosinase produces 4-(3’,5’-dihydroxy-trans-styrenyl)- 1,2 -benzoquinone
(RES-quinone), which decays rapidly to an oligomeric product (RES-oligomer). RES-quinone was identified after reduction
to its corresponding catechol, known as piceatannol. RES-quinone reacts with N-acetylcysteine, a small thiol, to form a
diadduct and a triadduct, which were identified by NMR and MS analyses. The production of a triadduct is not common
for o-quinones, suggesting a high reactivity of RES-quinone. RES-quinone also binds to bovine serum albumin through
its cysteine residue. RES-oligomer can oxidize GSH to GSSG, indicating its pro-oxidant activity. These results suggest
that RES could be cytotoxic to melanocytes due to the binding of RES-quinone to thiol proteins and the cosmetic use
of RES should be considered with caution. Equol (7,4 -dihydroxy-isoflavan) is one of the end products of the intestinal
bacterial biotransformation of the isoflavone daidzein which is phytoestrogen found in soy and soy-derived products, and
a nonsteroidal estrogen of the isoflavone family. Equol is not a natural constituent of plants, but established as a bacterial
metabolite of daidzein. Since equol has the p-substituted phenol structure as well as RD and RES, it is expected to be
a substrate for tyrosinase and to produce a toxic o-quinone metabolite. In order to examine whether equol produces the
o-quinone, we performed the tyrosinase-catalyzed oxidation of equol. UV/visible spectra showed the unstable quinone
absorption at 420 nm within 15 min. Converting the o-quinones produced by tyrosinase oxidation of equol in the presence
of ascorbic acid to more stable catechols, we could obtain three compounds by preparative HPLC at UV detection. Although
these compounds have been known to be metabolized from equol using human liver microsomes, it is the first time that these
compounds are formed by tyrosinase-catalyzed oxidation of equol.
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trans-Resveratrol (LANS ha—)b, 354 -FYk
Fa ¥ -trans- AF VARV, BLFRES &4, 1 o(1)
&, TR, XY= E—F oy R EORYTRALELR
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HEFE LTEEEOPE T > Twb (Baur et al, 2006;
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2011) o SRICELBERETEERILABACT A & LR IbhEMIC
92 HMWTRES (1) 2352 E~DBLA, &
ERIFICE > Twab (Na et al, 2019),
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— L EENDEHELRANTASNT, A5V BETH
BL—=RATFVBIT A ATV OEEE LT
(Ramsden and Riley, 2014), 8 ¥ F—¥ix, RHKDIHE
HThoHL-Fuy 7213 THL, ZHBOp-EIET =/ —
WVBIWATa—VEEBELT, AV X7 U EAEKT
BIENTED, o-F /7 VIFEF IO B LAY
T, FAIVEEEEMEAL, EERFEM (ROS) 2 EK T %
LIz k) MiReE 2 %HEE T 5 (Bolton et al ., 2000), F
72, 0-F% ) VIE, ATV —LNDF YNy F L AR
HELTCAHATIBEZEETINT T E L TOUIEHL, &
PRI AT ERI T EDHMO5N TS (Westerhof et al.,
2011)0 FEBE, L DTz ) —ILEWH, o-F ) ¥ ~D
LB U T, € FNOEFICHEEYFET S &2
BNTWh, TNH6DT /) —=VvDHbH, 4-XA X7
=/ =)V (Riley, 1969), €/ NV VY (4-RY I VI F¥
7 x /7 —)V) (Manini et al, 2009), 4d-tert-7F IV 7 =/
—)V (James et al, 1977), @ K¥ > Fa—)L [4- (4-v F
O%y7x=)) -2-7% 7 —), LLFRD &W$] (Tto
et al, 2018; Sasaki et al, 2014) B L T AXY) —7 bV [4-
tra¥xy72=0]-2-7% 7 ] (Ito et al, 2017a) »%
monTwab,
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1 FA-IOFEET, THLEIEFEETICH TS RES (1) OFOLF—EBIEORISERE X 2

AWFFETIE, RES*¥/ V@) 2 FFTRHEL, 74—V ¥
NRIETHLYVIMET VT I Y (BSA) 2&bF+—)L
ILEMEDRINERRLZ L2 HMWE Lz, W T, RES
DOEBALAERY (RESA Y T~ —) @ pro-oxidant i&¥: (BE1k
PRAETEE) 2 720

T4 —=V(EQ 7.4-YVe Fuxs -4V 75N X2
?6)) 1%, KEUBLOKTHRRBIIEETNLHY T A b
Uy THiEA VT IR TAEAL L OGR4 EN
BHWOBRBEEYD1OTHY, AVIFKRyT773I)—0DI
Z257aA4 K2 basr v THb (Lephart, 2017), =7
F— VIR O RKIRE G TIE R L, 74 EA » OMBH
FEWMTHDLIEDNASN TS (Setchell, and Clerici,
2010; Lephart, 2016), EQ (6)1%, RD & RES LR L & 9 12
p-ET ) —VEEERFoTwE LD, FrYyF—F
DIEERY, BEODLo-F 7 AACHWZERL, B
LARAEE 2R3 2 LS S s . RERDEQ(6)1E, S-
O-hE R-O-KOZHHOLF » F A —PHET %o
FIT, T F—NVDo-F ) KERERTENED) I E
B 72012, FHNd, S-()-EQ(6) »F 1 ¥ ) — Ll
FAL SR A2 ATV, RICERALARAENG 1 & AR IR 72,

2. 7 &

2.1, L7RAVEVBELEEN-TEFIVATIY
(NAC) DFFETELZRFETTOFOIF—EIS
&BRES (1) 713 RES-H7 33—l (3) DEAL
100 uM RES(1)% 721 RES- # 7 2 — L (3) D (2mL)

% 50mM V) ¥ B U 7 ARRAEE (pH 6.8 $72135.3) 1, 37°C

TFayF—¥ G0U/mL) 2L D ERLL, WIRA~XY ML
DAL % EHIIZ 60 7B R L7z, BefbiE, 1000uM 7 A
INVE UEEFE 7213 200uM F 7213 300 uM NAC DFFEAE T T
bAT o 70 BB ZFICIISHAE S & 5 72912, 200ul @
—sE & 20uL 10 % NaBH, ¥ {R& L, #Hiv T 180ul
DOAMFEEZRAE L2, TAINVY U, CySH T 721

GSH DFAE T TOEERTIZ, NaBH, DWRMNIIERS L 72,

2. 2. DINAC-RES-A73—JU4) KUV TriNAC-

RES-A73-J)l (5) D57 &t

RES (1, 20.5mg, 0.09 mmol), RES-# 52— (3,2.5
mg, 0.01mmol), NAC (163mg, 0.4 mmol) ®T% J —)L
2mLiE#W % 98mL 50mM ) Y EEF b v 4 (pH 6.8) LR
Gl BEWEITCTHMLCIREL, #1211 mL O
i o Fa v+ —¥ (20,000U0) 2MMZ 72 BRILD 30 4
#%, 2mL® 6M HClZ ML Tt 2 kL, REWE
100mLD 1-7% 7 =V C2HH L7z MEFTI-7
y )= ABFHE Sk, FRil % HPLC i H Rk i 12
L, SECHPLCIZ T 720 40HL L 7255 O BUREHEMR IS &
), DINAC-RES-7# 72— (4, HPLCHEEE 97 %) & LT
13.6 mg (22 %IX%), B L P TriNAC-RES- # 7 2 — )L (5,
HPLCHEEE 99 %) & LT 18.3mg (24 %) b7z,

2.3. 2,5-V-S-[(N-Z7EFIW)YATAZI]
-3,4,3 ,5 -7 hZEROF DRIV ARFIAY
(DINAC-RES-#73-).4)

DINAC-RES-7 72— (4)1F, '"HNMR AR bk
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YC NMR A7 VB & OE R LC-MS X U ik % i RES-7% 72— VB (1.7mg, 31 %), 3 & U MonoGS-
L7z, RES-#7a—NVA (ZNZFN1.0mg 18%) 72, GSH
BEROBIE, EIRRE LC-MS T X - THEZEL 726

2.4. 2,5,6-Tri-S- [(N-7&FI) ZATA =]

-3,4,37 ,5 -FhZeFOF NIV ARAFLY 2. 6. RESE{tAEM, RES-#)dv—DERL{E

(TriNAC-RES-A73-J, 5) A

TriNAC-RES-catechol (5) &, '"H NMR A% hL & BRI L7z & 912 (Tto, Hinoshita et al., 2017; Ito,
BC NMRA X2 MV, EREELC-MS & 1 #3238 L 720 Okura et al, 2017), RES#* 1V I~—& RDF ) T~ — i,

BEEARES (1.1mM) BLXO'RD (1mM) 5 50mM 7 k

2.5. RES*/(2) £EAT1>2(CySH) $KUVJ VA VRS (pH 7.4) W CHRBL 2, Fu Y S —

WEFF>2 (GSH) EDOFF IR IS ¥ (200U) % & RiBFAEI 2mL IS 2, SOSRAW % 37

RES# 52— (3, 2.5mg, 0.0lmmol) ¥ X *CySH CTTI1200 M4 v Fax—F L, WRELTFOIF—
(4.9mg, 0.04mmol) ® 10mL 50mM YV YHEF bV 7 4N DA (100U/mL) EH L7, X T = (2,000ul)
v 77— (pH6.8)#E W% 37TCTHMLLIRE Lz, o % 10mM GSH (200uL. 1mol%+#) EEAL. 37CTH
WZImLONYy 77 =2 LFa I+ —E (2,000 U) UFaNR—=F L7 0, 30BXT60 55D InKEET, X
A 720 105 OEEALE, 0.2mL O 6MFE2HML T IIREY % 100uL L ) KL, 0.4M HCIO4 (800uL) &
Wbzl U, IR % 3 F CARRBIE S 872, Rkt BAE LT b 2L Lz BRACRISY o GSH & GSSG
HPLC TR 22 L, 7 IUHHPLC A 7 AT ¥, 42 OHPLCH:ZMM LCHHr L7 (Imai et al, 1987;
S L7z BB LCEHR LAWmS, RICHEH LW S, & Ito, Hinoshita et al, 2017; Ito, Okura et al, 2017), 1L
AWM Lo skl LT, £ hZh, DIiCyS- BB (20 ul) i o @iz bk % % pH 7.4 #E & (180 ul) T
RES-# 72—V (0.8mg, 17 %IL%E), MonoCyS-RES- WML 72t Bl ETHN Liz. AiLBEEYZ
catechol-B (1.3mg, 36 %), 3 X ¥ MonoCyS-RES- 7 Ampliflu ™Red #&3E (200ul) & KIS &4, 568nm DOIZIL
Ta—NV-A (0.6mg, 17%) %72, CySHEHOKUL, WK % Fpo Rt 3 & A% E & 72 (Zhou et al, 1997)
FFHEEELC-MS /AT I & o THERR L 72, 3 4 =

RES-7# 72—V (3, 2.5mg, 0.0lmmol) & GSH®# - A
i# (12.4mg, 0.04 mmol) % [FFRIZALEE L, 47HUH HPLC 3.1. RESMOFO> F—EMEICESEILI

T ATHWL 720 RSB LMy, RIZHEHL RES-F/> (2) Z24£mMT %
7Sy, ERARICUEE L 72 & MR LT, 2R, Fu ¥ F—+ (B0U/mL) 2L %RES (1,100 uM) OfEL
DiGS-RES-7# 73—V (2.8mg, 33 %I{Z), MonoGS- iE. pH6.8 ®50mM V) Y BRJ ~ Y 7 A, 37CT
(a) RES, pH 6.8 (b) RES, pH 5.3
3.5 35
3 Fal omin 3 A Omin_{
o 25 l \ ——2min_| o 25 /"\ ——2 min
2 [ \ ——5 min 2 ~——5min
& 2 + 8 2
k] I l ——10 min kS ——10 min
E 15 [ \ 157 E 15 ——15 min
a 1 ~——30 min | < =30 min |
0.5 !:N ——60 min 05 k—m min
0- v\% : : 0 ; .
250 350 450 550 650 750 250 350 450 550 650 750
Wavelength (nm) Wavelength (nm)
() RES, pH 5.3 () RES-catechol, pH 5.3
100 4\ 3 n
— —+—RES . ——0min |
E 8 -8 RES-catechol * / \ —2min
‘; 60 \ g 2 =3 min
% \ g 15 l \ ——10 min
£ 0 2 ——15 min
g ’M 2! k—m iR
8 20 05 ~——60 min
[ ' + 4 0 \ - - ]
0 15 30 45 60 250 350 450 550 650 750
Reaction Time (min) Wavelength (nm)

X3 RES (1) 8&UVRES-A73—IL (3) OFOLF—tEEBIERIC EERANDHPLCH I

—177 —



QXX hAY MRS Vol. 28, 2020

FERiL 720 UV/TTHANRY MVoZE{bZ 60 45 HaH L7
EZA, HIRBRWINZEFO ) I — DR R B AR S
N (X 3a), o/ YALAER OIEF I H O K BUGH
IRENT=DT, pH5.3 THLEZITH L TRIExEL L7z,
K 3bIZRT LIS, EBICHISIZEL ol UV/ W
ANRY NVOEAEKEHEICH N0 T, ®RIZ, pH5.3T
DA% 310nm TO UV 23 % il L T HPLC T By
L7z B3cimd L9912, RES (1) 1%, 155 DANICINE
XN, HPLC COPRFERER 5.5 47 (RESIX 6.9 72 8ins)
RO LWL BN, FO/EIIRES- 7 a—
W(EXeT5 =), 3) Lt Sniz, RES-/7 72—
(3) OHEEIX, HPLCIZX 2O LT v/ — e D
FIEEAIC E DR sy ZORES-F 72—V (3)
FElcky, 4-(3,5 -Yeruxy-+5 v A-AF L
=NV)-12-XvJ* 7 v (RES¥/ », 2) £ LT485nm
TR K % 7R 971 5 O 22 W) O R 3 ASHERR S 7z,
3clZRT X H1Z, RESHF /7 » (2) 3IEH SO B WL
EWTHHERDbNR, REST/ Vbt ) Iv—
AW % i HET BB ) T kb ol HI3dITR
T LI, FOBMLICX D, 24 INIC 485 nm (2 WX Y
— 7 e FEOLBE WS BRI A L7,

Fu v+ —EEikd, RESH 72— (3) oAE, pH
5.3TO 10mol ¥ &N T 2 TV ¥ V(1,000 uM) fE7E T T,
100uM RES (1) #W{b3 52 &12& ) XS ICHERR I N7z,
FM4allnd L9912, RES (1) ®UV AT Mid, 2~5
/3 CTRES-catechol (3) DUV A2 MVIZE XHZ Sz,
FOBREW O HPLC M2 X ), RESA 72— (3) 755
SHEICREIE (80%) ICAHICAK L, RESA 73 —)Vig,
RES¥ / ¥ (2) I b Shize 20, TAILVE VBT
NRTRESF/ VDML I LD SNz (K 4b) .

3.2. RES*/2(2) ENAC EDRIGIE, Zfthnfk
E=ftEEEKRYT S
WIZ, RESF/ ¥ 2) BFF+— L&MW AT oh L
) A&7 RES(1) (100uM) 25, pH5.3 T 2mol 4
HONAC (200uM) OFFAEF T, Fa ¥ F—+ (50U/mL)

(@ RES + 10 eq. AA
3.5
3 ’ﬂ\ 0-min
@25 A ——2 min
= { ——5 min
2 2 ——10 min
P
§ 15 15-min—-
< 4 | 30 min_|
05 ~——60 min
o . ‘ ‘ .
300 400 500 600 700

Wavelength (nm)

W2 &0 ERAL S -y, BRABIZ S 0 DANICA I HE A, 450
nm IR ARBEDEREZ RO o-F /7 YRR L 72
(K52a) SHEDPRYVESREZLTHL, ELED, 2
mol YEDOFF = VOHFETTOT = /) =)V (BIOH T
a—V) OFuvF—YELiE, EE. ErARmE L
THOLDE ) F =N EERKTE2925THS (to,
Hinoshita et al, 2017; Ito and Prota, 1975), L722%> T,
NAC#EE % 3mol 44 (300uM) IZHR L72& 25, 450
nm TOWIL 35D 1A L, 2mol Hw= D NAC % fili
HALAELD D 3188 L1U8282nm TD 2 2 D WL K
T X DBMEIC R 572 (5b) 248D NAC Z M L7724
A 50O RSEE TOHPLC/HTIZ L b, 3tk &
2RO RFFRF A ENEN 485 L 9.6 557 TH5H 2D
DEERALEWOER AR E N (RES (1)1 11.7 471
WL (K50 LAL, I ZEAEDAEEME, F/ v BAD
BABIZ L0 15 LIPS L7z 3 4O NAC M7z
iy, o 2 DO, ZE L7IRETH -7 (M 5d)o

INS MM OREEZFET 572012, 4mol YD
NAC (4mM) OFFAEF, RES (1, 1mM) OE{bZ17- 72
A, T EL T L o DT, WA B2
L3 TELDo72DT, RES-# 72— (3, 0.1mM) %
filiiE e LTl L7z, €0k, 2FICKSII#EITLT2D
DEEEMEAERL, TN % 5WHPLC THlEL 72, =
NS L&Y oREEIZ, "H-NMR, 2D-NMR, “C-NMR,
FOREEMS A MTICE Y HE L, 262k, 2o
TriNAC A O (7) % [ L7z,

3.3. RES-+/2(2) £EBSAZESOMOFA—ILE

)3

WU, CySH % 7213 GSH & @ U % i~ 72, 3mol 24 &
» CySH % 7213 GSHOAFET, RES (1) (100uM) O KIS
X, 72/ —VOBILICBIIAEFF—VOHERHIZED
FEFIZW 5D EHELTT B LW h o7z (Naish-Byfield
etal, 1994), RES# 72— (3) (100uM) &, pH5.3 T
3mol %4 & (300uM) OFF —VIFEFT, FuiF—+

50U/mL) 2 & W EBIL L 72, 6a, bIZ/RT L 912, CySH
(b) RES + 10 eq. AA

100 +
— —o—RES
S 80 -
=2 ~#—RES-catechol
§ 60
E .\
[T}
NN
S 2

om \LJ —— »

0 15 30 a5 60
Reaction Time (min)

X4 7X2)ECEFEET, RES ()DFALF—tEBERIEE HPLC 24
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a b
(a) RES + 2 eq. NAC (b) RES + 3 eq. NAC
35 35
3 N —omin 3 N 0.min
25 {\ 2 min. 25 I\ —2 min
o N o "
E 2 I \ 5 min 2 ) I ‘ ——5 min
2 I \ ——10 min s [ l ——10min
215 ——15min | o115 15-min-{—
i 1 M ——30 min '& 1 J] L ——30 min
o5 A ~—60 min 05 l “ ~—60 min
0 T . 7 1 0 %—,—,
250 350 450 550 650 750 250 350 450 550 650 750
Wavelength (nm) Wavelength (nm)
(c) (d)
RES + 2 eq. NAC RES + 3 eq. NAC
100 100
s ——RES s
E_so §. 8 ——RES
- -8-DiNAC = !
660 o 60 SoDiNAC |
= —4—THNAC = a = . a
Sa0 = _ —a=TriNAC |
O g =
20 \ 5 2 V'-
° &\;ﬁ: K
o 3 — T > .
o 15 30 e 60 0 15 30 a5 60

Reaction Time (min)

5 NACF#ET, RES(1)0FALF—

Reaction Time (min)

TEIERIC & RISERD HPLC 54

(a) (b)
RES-catechol + 3 eq. CySH RES-catechol + 3 eq. GSH
3 3
25 /\ ——0 min 2.5 /\ ==0min
g, / \ ——2min g 5, Im 2 min
c o c
-'-215 i "54 £ \ \\ ——10min g 1.5 ,*4/7; \ ——10min |
g 1 / \ \ 60 min g 1 / \ 60 min
os N \ o\ s A \\
NN N
250 300 350 450 500 250 300 350 400 450 500
Wavelength (nm) Wavelength (nm)
(c) (d)
RES-catechol + 3 eq. CySH
100 q- Ly RES-catechol + 3 eq. GSH
100
E 80 —+—RES-catechol  —*-MonoCys-A —_ —+—RES-catechol -=—MonoGS-A
2 ~—+—MonoCyS-B DiCyS i 80 e r— DiGS
»§ &0 5 60 -
o =
L — £ w
=3 [
£ 5 |k g 2 l
5] \ S A-:_F - "
0 v \ T * [ + + T +
] 15 30 45 60 0 15 30 a5 60
Reaction Time (min) Reaction Time (min)
(e) U] i
Mono-B Di
Mono-B
Di [Mono-A Mono-A
. L
| I I I
0 30 0 30

Elution Time (min)

Elution Time (min)

6 FA—IEFEET, RES-H73-(3)DFOL+—EE{LRISE HPLC AR
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(@
RES-catechol + 3 eq. BSA
3
25 ——0 min
g 2 ,/\ ——2 min
-rl: 1.5 N ~—10 min
S \ .
2 1 ——60 min
<
0.5 \
0 H -

300 400 500 600

Wavelength (nm)

700

(b)
RES-catechol + 3 eq. NEM-BSA
3
25 LA omin
§ 2 '/\ ——2min |
g 15 \ ——10 min
E 1 \\\ 60 min
) §¥§%§§_
0.5
N

500 600 700

Wavelength (nm)

300 400

BM7 o mE7IVTIL (BSA)HFET, RES-A73-LQ3)DFOLF+—tE1t

& GSH I 2 HUC S L T TR 28 7 F 4 — VAt
% U720 HPLC 20T, 3 2D F A oAk z R L
720 TONEEIL, 60 0 OBALFIZIZ—ETH o7 (K be, d)o
Cys— ¥y & GSH- 14 o HPLC 7#ri, 3 2 D¥—2 %
RL, FNOITE RS L0 ETE L7 (K 6e, Do

WIZ, BSALRESF /¥ (2) ORIGHEE#~N72, BSA
Wi, 170y 2AF URECMATIMO Y 254 V5
EWEINTVWD, BSAWR, ZOYAT4 YEEORE
BAIELHFEENTBY, o-F 7 VORIBIHIETH 5
CENHBH L7270, RENLTF A —NY X7 HEL
Tl L 72 (Tto, Hinoshita et al, 2017; Manini et al, 2009) o
BSAfF 1% 314nm TK & WP K % F525%5, 300nm
FKiDOBSAIZ L 5 RE LRI, NS HRFF—NDLD
WX & © S METIZ o7 (K 7a)s 314nm TOULILIZ,
BSAD Y AT A YERIERFEH L THER L 72 & )i
T& 5%, ZNUE, B/ FF—IWIMP DA F IV EDFHE
PHEZEDN TV DS (K 6e. £)o 400nm T ICA K L 7255
WL, BELLF 2 YENGERT D0 LIRSS,
RES¥F 7 ¥ (2) ~NOREEIZY AT A VRENHE L TW5
WL MR T H72012, VAT VEBEEN-ZF L
L4 3 F (NEM) T56ii L 72BSA & RES ¥/ ~ (2) & K&
B2 ZA(KT7h), RESF/ ¥ (2) ® 390nm T® 0.60
OWFIE X, KKRDOBSA (400nm T0.20) OWIEE L b
RTH3IHEREDP o7z NEMBHIBSALLDZIDKE %
Wi, NEM-BSA X RES-F/ > (2) o7 3 7 #EMo*x
A RO OEFRIREKN T2 WREERD 5, b O
R0, RESF/ ¥ (2) OKEGHB T ATA VEREENL
TBSAIKATAZ E#RL TV,

3. 4. RES#)Idv—I3GSH % GSSGICE&EL,
pro-oxidant /&t (BR{LIBEEY) ZF IS
BT A ATV EMABRICRIRO 7 =24 25 =13,

W LIRS A Ho 2 LV 5T wW B (Panzella

et al, 2014), F41x, Llai, RDoOFa v F— Yl Tl

{LENZRDAY) Iv— (FLRRDZ—AF=V) P, &
BT AT = L UL SR R ALY % £ o
TWwbZ &%) L7 (Tto, Hinoshita et al, 2017)o L7248
5Ty RES (1) oF ) I —BbA KW TH % RES AV
I~ — D BALRAEE 2 T 5089 & #R72, RES
1) Iv—, RDA Y ITv— (BpPExtige UCfim) (&,
ZhZhn1mM RES (1) *7213RD % pH 7.4 T 120 471,
Fu3yF—¥100U/mL) THALT 22 L2 X ) T 72
%A T —1%, 1mol Y& GSH & 60 45 BG L,
GSH L BALEL 7 v 7 74 >~ (GSSG) DF%iwiE, GSHHE %
e 3 % 723 ® DBBQ % i Jil 3 % & 4+ O 455 % HPLC #:
W& > THMEN/ (Imai et al, 1987; Tto, Okura et al.,
2017)o M 8alZ/R_d & 9. GSHRIFE; KA, #
LT, RESHYI—BILXURDAY IT~¥—, D60 5H
DA YFaR—varT, TRENHS0%BLI0%F
THWA L720 GSHOWA DO KEIH 1L, GSSGNDIEALIZ
W3 %25, BPO—#1E, GSHOBALAER & vk
DFREGZEHLTHEITLTVWDEIICHRZ S, KIS, 2h
LOF ) T~ —I2X ) GSH OB I \EEILK FE A E K
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Wi, T MFIZz ey —2 %2 LZEQ (6)
SOMRBICIVAERTLIZERMONTWESD, EQ (6)
OF 0y F—EMEBILIC X > TERT L2 Edbholz
DR OEFHERLTH S, LLEOKEIZ, p-#ifRT =
J =K THBEQ (6) 25 LICX Y, MIfadME%ZRT o-
FIURERTAHIEERL TV,

— 181

3.6. EQ@®)DFOYF—ERILICEBNACELD

GSH DK

fil 13 @ 3’ -hydroxy-EQ (0.0l mmol) 7T, EQ (6,
0.09mol) &F v F—EafiliiE LT, NAC (0.4mmol)
EROSE A, R ofMEE  H-NMR B X 05 5 % ik
LC-MSHE#EANRY MIZ XY FAE L7z, 5 -mono-NAC-3'
-hydroxy-EQ (12%) & 5,5 -diNAC-6,3" -dihydroxy-EQ
(5%) BfEHNn7z (M10). —F, T+ —N(6) £LGSHE



QXX hAY MRS Vol. 28, 2020

(@

120

Control EQ-Oligomer

100 s GSH
uGSSGX 2
80
60
40
20
0
0 30 60 0 30 60

Reaction time (min)

GSH + GSSG (%)

(b)

25

20 =0min
E =30min
% 15 =60min
Qo
T

10

5 i ' i

0

control EQ-Oligomer

11 EQAYVIY—I(l&3 GSH DE{E & BEEKREDNEL

D, 3’ -hydroxy-EQ (0.01 mmol) 2 4 %5 & ® GSH
FAET, FuyF—¥WibL7z&25, €/ GSHA A
59%, ¥ GSHAHINAD3%DINETH LN, TNHD
W13, NACHKR LD T 'H-NMR, "C-NMR B LU
43 f#EE ESI-TOF & A7 MV bR E L2

3. 7. EQ (6) DERL{REEF M

EQ (6) oM bMRERREZ e L7z (K1), K8 & Mk
LT, MALIRAEEMEAS, RESH Y I — L RDAY Iv—
ORI KRS SN —, MBILKEOEAIC
DWTIERD A I~ — LB EIE SN (X
11b)e ZO#EHIX, EQ (6)F ) IT~v—2%, RAF Y I~ —,
RES A1) I~ — L FAMRICHALIREREZ AT 52 Lh%D
Nolz,

4. EREERE

RES (1) &, —ICEEIVIHLATFRYF—ED
BNHEREE 2 5NTW5A (Na et al, 2019), #2132,
Park & (2014) 1&, RES (1) X, ¥y Y av—aFus
—t% 1.8uM D IC50 Tl HET L2 L 2R L7z LA
L, Aff72id, RES (D ~v yal—2aFay+—¥on
TENRETHY, Jpto-F /7 Y THHRESF / v (2)
EERTHIEERL TS, LI 2ELIFEEFLDD
WCHEATAFayFr—¥id, 8F8Fhp-Efty /) —
WeB b L To-F/ V2T HZ N TES (Ito et al,
2014; Ramsden and Riley, 2014) .

p-EHT 2 ) — VD XTI H A b OO RE
PR b 53, £ OWZEHARES (1) OfHEEAK
TRIRZ WG L TWd, 728 21F, Lee 5 (2014) 1%, RES(1)
MAT ) —<HRBIZBIT A AT = VIREEE Y » 7 D
FBEMT &2, RES (1) ORFFH#EMIE, in vivollBiF
LENBEB TR SN EVE Y b OEEOMELEBE

EABICHHI L2 2SR L7z, Lei b (2017) 1F, RES
(1) HT-144 & b X 5 7 —<HlfaO % 5~ 10 uM O
IC50 Tid HE L7222 & 23R L7z, MRS, Okura b
(2015) 1X, RES (1) 25B16F1 <% 2 X 5/ —< i X
O'NHEMb b MEE X T = Yoz 2z 27.1
BLU32UMTHEL . ZOfIX, N Fufx ) v
(28.3B L 01M9.4uM) ICIEHT AMETH 5. — i, RES
(1) OMBFEEE2ZR DI E25bhY, JIORFETIX
IC50 &> 100uM T - 7= (Lee et al, 2014) .

RES (1) oRF#EHIE, —#Hi2, ERHICAFEL W) X
DYHEZRTHAHEEZONTWS (Na et al, 2019), L2
L, &40 Tid, a3y +—¥2%EMIZRES (1)
ZWALL, USHEOEWRESF /¥ (2) #ERTELZ &
ZRLTWD, mWIGTEE, FoZ 2 (M3) &,
DINAC-RES-catechol (4) 3 & " TriNAC-RES-catechol
(5) DERIIRTOERIZ L > TRENL. IHNIMED
AR D CySH & GSHIZx L THERR S 7ze T D ORERIE,
RES (1) "RESF / ¥ (2) OF F — & V87 FADMi&
W& D 2T = VHIRIR L CRIRR & 7R 3 T REVEDS D 5
ZEEIREBELTWS, RDAY I =3I TIER WD,
RES* Y I~ — O MALIEAETG PR M #5920
REVEDSD % 6

EQ (6) X, ¥uyF+—Y¥odBHERY, o-F/ V%K
HELA T a—VEREAERT 5 2 EHESEOEG, S Dh o
oo TOZLIE, EQ (6) 252 T = HMBLIK LT, Mz
FUARTWRESH LI LEZRLTWVWSE, EQ+Y O
— OMALIEEE Y, RESH ) I~v—¢ RDF Y ITv—0D
TRIMTH Y, —J, @EBILKEOEAIZO VT, RD
) I~ — LT RIE SN, EQ (6) 1, K
TEMEERLZEICKEAVIIR(FA4EL)H, B
OPTHMNOEQEAWIZL » TR S NAEKT S
Z SN TW5S (Setchell and Clerici, 2010; Lephart,

—182 —



REMMAERELUERAINILANS MO—ILESTICIIA—IOFOY F—EEEIEMIC £ 3 pro-oxidant &M%

2016), EQ (6) E&MArNEY (A MBAFY) Lk
APCT WL 720, KN TEERVE Y EPBE 2T 5,
EQ (6) oz, OmMERET, @mEMNEEH, @
FAEHEROSE, QHRO Y IRUHET LR L, KEE
L7 F, ENANR, @OPRRALIER 2 E2 5T 575,
FRCHRR72 X912, RES (1) £ EQ (6) Ok IZEk LS
NI/ —Vgkzib, Fuvr—tmibciiz
HMERT o~/ VK& AK L, RES (1) BLUEQ (6)
OFa v F—EWIZ X D ER LA ) T =25
RS2 RT S e bh ol U EOBEA» 5, RES(1)
BXUEQ (6) ZEHAE LTHRMICHRA LEA, oh
LoEARFu s F—EOMEIZR Y, HUAHY EE
AT B EEMEZRIRTE 72 RES (1) BXUEQ (6) %1%
AT BRSOV TIEE 2 RS 2 L8 D 5,

i

AWTE R et B BT, R BB A OV AR 40 5 2%,

I B PR RL R O & A B, LA B AT DA
BRKICEHH L LIP3, 7, '"H-NMR, "C-NMR 3
KO RREESI-TOF H @ A2 bV &2 fllE L CTIHW /2
FtT R R R A B iy B AT TR R N — B2 S F AL TR
HLLETFES,

(51 AASHR)

1) Afaq, F., Katiyar, S. K. (2011). Polyphenols: Skin
photoprotection and inhibition of photocarcinogenesis.
Mini Review in Medical Chemistry, 11, 1200-1215.

2) Baur, J. A. Sinclair, D. A. (2006). Therapeutic
potential of resveratrol: the in vivo evidence. Nature
Review Drug Discovery, 5, 493-506.

3) Baur, J. A., Pearson, K. J., Price, N. L., Jamieson,
H. A, Lerin, C, Kalra, A., --- Sinclair, D. A. (2006).
Resveratrol improves health and survival of mice on a
high-calorie diet. Nature, 444, 337-342.

4) Bolton, J. L, Trush, M. A, Penning, T. M., Dryhurst,
G., & Monks, T. J. (2000). Role of quinones in biology.
Chemical Research in Toxicology, 1.3, 135-160.

5) Imai, Y. Ito, S, & Fujita, K. (1987). Determination
of natural thiols by liquid chromatography after
derivatization with 3,5-di~tert-butyl-1,2-benzoquinone.
Journal of Chromatography 420, 404-410.

6) Ito, S., & Prota, G. (1975). A facile one-step
synthesis of cysteinyldopas using mushroom
tyrosinase. Experientia, 33, 1118-1119.

7) Ito, S., & Wakamatsu, K. (2018). Biochemical
mechanism of rhododendrol-induced leukoderma.
International Journal of Molecular Sciences, 19, €552.

8) Ito, S. Yamashita, T., Ojika, M., & Wakamatsu,
K. (2014a). Tyrosinase-catalyzed oxidation of
rhododendrol produces 2-methylchromane-6,7-dione,
the putative ultimate toxic metabolite: implications
for melanocyte toxicity. Pigment Cell and Melanoma
Research, 27, 744-753.

9) Ito, S., Hinoshita, M., Suzuki, E., Ojika, M., &
Wakamatsu,K.(2017a). Tyrosinase-catalyzed oxidation
of the leukoderma-inducing agent raspberry ketone
produces (E)-4- (3-oxo-1-butenyl) -1,2-benzoquinone:
Implications for melanocyte toxicity. Chemical
Research in Toxicology, 30, 859-868.

10) Ito, S., Okura, M., Wakamatsu, K., & Yamashita,
T.(2017b). The potent pro-oxidant activity of
rhododendrol-eumelanin induces cysteine depletion
in B16 melanoma cells. Pigment Cell and Melanoma
Research, 30, 63-67.

11) Tto, S., Agata, M., Okochi, K., & Wakamatsu, K. (2018).
The potent pro-oxidant activity of rhododendrol-
eumelanin is enhanced by ultraviolet A radiation.
Pigment Cell and Melanoma Research, 31, 523-528.

12) James, O, Mayes, R. W., & Stevenson, C. J. (1977).
Occupational vitiligo induced by p-tert-butylphenol: a
systemic disease? The Lancet, 310, 1217-1219.

13) Jang, M., Cai, L, Udeani, G. O., Slowing, K. V.,
Thomas, C. F., Beecher, C. W. W,

M. (1997). Cancer chemopreventive activity of

-+ Pezzuto, J.

resveratrol, a natural product derived from grapes.
Science, 275, 218-220.

14) Lee, T. H, Seo, J. O., Baek, S. H, & Kim, S. Y. (2014).
Inhibitory effects of resveratrol on melanin synthesis
in ultraviolet B-induced pigmentation in guinea pig
skin. Biomolecules & Therapeutics, 22, 35-40.

15) Lei, M. J., Dong, Y., Sun, C. X., & Zhang, X.
H. (2017). Resveratrol inhibits proliferation, promotes
differentiation and melanogenesis in HT-144 melanoma
cells through inhibition of MEK/ERK kinase pathway.
Microbial Pathogenests, 111,410-413.

16) Lephart, E.D. (2016). Skin aging and oxidative
stress: Equol’s anti-aging effects via biochemical and
molecular mechanisms. Ageing Research Review. 31,
36-54.

17) Lephart, E.D. (2017).Resveratrol, 40 Acetoxy
Resveratrol, R-equol, Racemic Equol or S-equol as
Cosmeceuticals to Improve Dermal Health. International
Journal of Molecular Sciences, 18, 1193.

18) Manini, P., Napolitano, A., Westerhof, W., Riley,

— 183 —



AXX AT R E Vol. 28, 2020

P. A, & d’ Ischia, M. (2009). A reactive ortho-
quinone generated by tyrosinase-catalyzed oxidation
of the skin depigmenting agent monobenzone: self-
coupling and thiol-conjugation reactions and possible
implications for melanocyte toxicity. Chemical Research
in Toxicology, 22, 1398-1405.

19) Na, J. I, Shin, J-W., Choi, H. R., Kwon, S-H., &
Park, K-C. (2019). Resveratrol as a multifunctional
toical hypopigmenting agent. International Journal of
Molecular Sciences, 20, E956.

20) Naish-Byfield, S., Cooksely, C. R., & Riley, R.A. (1994).
Oxidation of monohydric phenol substrates by tyrosinase:
effect of dithiothreitol on kinetics. Biochemical Journal,
384, 155-162.

21) Okura, M., Yamashita, T., Ishi-Osai, Y., Yoshikawa,
M., Sumikawa, Y., Wakamatsu, K., & Ito, S. (2015).
Effects of rhododendrol and its metabolic products
on melanocytic cell growth. Journal of Dermatological
Sciences, 80, 142-149.

22) Park, ], Park, J. H., Suh, H-], Lee, L. C., Koh, J., & Boo,
Y. C. (2014). Effects of resveratrol, oxyresveratrol, and
their acetylated derivatives on cellular melanogenesis.
Archives of Dermatological Research 306, 475-487.

23) Ramsden, C. A, & Riley, P. A. (2014). Tyrosinase:

the four oxidation states of the active site and their
relevance to enzymatic activation, oxidation and
inactivation. Bioorganic & Medicinal Chemistry, 22,
2388-2395.

24) Riley, P. A. (1969). Hydroxyanisole depigmentation:
in-vivo studies. The Journal of Pathology, 97, 193-206.

25) Sasaki, M., Kondo, M., Sato, K., Umeda, M., Kawabata,
K. Takahashi, Y., --- Inoue, S. (2014). Rhododendrol,
a depigmentation-inducing phenolic compound, exerts
melanocyte cytotoxicity via a tyrosinase-dependent
mechanism. Pigment Cell and Melanoma Research, 27,
754-763.

26) Setchell, K. D. R. & Clerici, C. (2010). Equol: History,
chemistry, and formation. The Journal of Nutrition,
140, 13555 -1362S.

27) d’ Ischia, M. (2011). The haptenation theory of vitiligo
and melanoma rejection: a close-up. Experimental
Dermatology, 20, 92-96.

28) Zhou, M., Diwu, Z., Panchuk-Voloshina, N., & Haugland,
R. P.(1997). A stable nonfluorescent derivative of
resorufin for the fluorometric determination of trace
hydrogen peroxide: applications in detecting the
activity of phagocyte NADPH oxidase and other
oxidases. Analytical Biochemistry, 253, 162-168.

—184 —



