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Source, Biosynthesis, Biological Activities and
Pharmacokinetics of Oxyresveratrol
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Abstract Oxyresveratrol (trans-2,3',4,5'-tetrahydroxystilbene) has been receiving increasing attention because of its
astonishing biological activities, including antihyperlipidemic, neuroprotection, antidiabetic, anticancer, antiinflammation,
immunomodulation, antiaging, and antioxidant activities. Oxyresveratrol is a stilbenoid, a type of natural phenol and a
phytoalexin produced in the roots, stems, leaves, and fruits of several plants. It was first isolated from the heartwood of
Artocarpus lakoocha, and has also been found in various plants, including Smilax china, Morus alba, Varatrum nigrum,
Scirpus maritinus, and Maclura pomifera. Oxyresveratrol, an aglycone of mulberroside A, has been produced by microbial
biotransformation or enzymatic hydrolysis of a glycosylated stilbene mulberroside A, which is one of the major compounds
of the roots of M. alba. Oxyresveratrol shows less cytotoxicity, better antioxidant activity and polarity, and higher cell
permeability and bioavailability than resveratrol (trans-3,5,4'-trihydroxystilbene), a well-known antioxidant, suggesting that
oxyresveratrol might be a potential candidate for use in health functional food and medicine. This review focuses on the
plant sources, chemical characteristics, analysis, biosynthesis, and biological activities of oxyresveratrol as well as describes

the perspectives on further exploration of oxyresveratrol.
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Oxyresveratrol (trans-2,3'4,5"-tetrahydroxystilbene)> 4712] Ak
715 zh= 2" eo] E(stilbenoid)E 2] Eo] RAEES] Y] 9
g e 2EfE 9 QA A 5o 288 2EH ATt
AS wf AE HE] 8 Rt=e o] =L Al (phytoalexin)
o|th(Fig. 1). Oxyresveratrol> A2 Artocarpus lakoocha®]
ARl (heart wood)ollA] Hx=Z EE|H AT (1) oF BT (Morus
alba), XV B=Z(Smilax china), LAN1R] QAR (Maclura pomifera),
FAZ (Varatrum nigrum) 5 71 B oA ERIFATH?2-5).
Oxyresveratrol A|ZH-2 3,5-T}o]3}o]| =E-A] o} &3] i=(dihydroxy-
acetophenone)S EUEAZE sl FAAW ol¢o BTl o=
kel FE]FAP| =9 Wl AL = (mulberroside) AZF-E &2
7ol ofgh AESE W R vlwA Al AR F UTke).

2= oxyresveratrok #4+sh(7), FIXH(89), FF=(10), T
&(11,12), FHZ(13), FufolH2(14), HAHRE(15), v g3}
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(16,17), DNA £438]15(18), 7+ B3 71%(19) 59 theksk Ag
71%5°] ‘French paradox’ E&=Z 2z ¢# 3] resveratrol ET} -
g o2 AN 2 IS B Uth weEp £ reviewdll
A& oxyresveratrobs s A&, EE18 A4 9 4, A
A7g, AW, hdsk oFESHE A% 71574 HESLES
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OxyresveratrolE MMshk= A&

Oxyresveratrok> GUAW<] “Monkey fruit - Monkey Jack”
o2 AHR A lakoochal] A (heart wood)ZHE HzZE £
HATH). A= FlA 2EHeo] =8 Aitele FHfamily)E=
B 3K (Moraceae), = H(Vitaceae), ] 3+2H(Liliaceae), 721w
23} (Smilacaceae), AL Cyperaceae) 5°| &4 Uth. o8 F
oA oxyresveratrolS AJ4Fetiy A# R F(speciesyS Eu3}
9] A. lakoocha, A. heterophilus, A. gomezianus, M alba (2}°3),
M. bombycis (*P8), M. lhou Koidz (=7%), Cudrania tricuspidata
(A%, M. pomifera, HvlND=EFH] S china, S. glabra, S.
kampestris, NI V. grandiflorum, ArZ2F2] Scirpus maritinus
Soln] o]E9] ¥, 71X, #a], FujolA oxyresveratrol®] EA)7}
BRI = A TH2-5,20-22). E < oxyresveratrol2 AJ4Fsl7] S8l 7
BWol dtEe AE T2 o a1 S, g, 48, ", H
7] TolM AdEelemor ARl BT WM albayeltt
(23-26).
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Fig. 1. A variety of stilbene derivatives.

Oxyresveratrol2| igHy 2pPd

A EoA g o= 32 H'd &Eld (phenylalanine) <
< glo]Z A (tyrosineye EEHOZ phenylalanine/Z 2] 2|0 E
(polymalonate) 722 FJ¥ITh(Fig. 2). Phenylalanine> phenyla-
lanine ammonia lyase (PAL)Sl 2]&l cinnamic acidZ 3 o=
A GAk4-810| =2 4] 8} 8 4 (cinnamate-4-hydroxylase) (C4H)ell <]}
g}g}sfo] =2 A A FAHp-hydroxycinnamic  acid)Z A=}
Tyrosine< tyrosine ammonia lyase (TAL)oll 2|3l p-hydroxycin-
namic acid® 3T} o]9} 7ro] A p-hydroxycinnamic acid
= 4-coenzyme A ligase (4CL)°I 2J3l] 32r1E A (p-coumaroyl)
CoAZ A3E 3 o] 3719 2 (malonyl) CoAS} ~EHHITH]
F A (stilbene synthase) (STS)oll 23t E3at-gol oJs) g2 w|gE
E(resveratro)Z FAE =] o] o] HA wkSEEE A3

oH27). /3 resveratrol> AFsloll €J3)] oxyresveratrolZ 3L ©]
= FE|FA7IHAE R A (glycosyltransferase)oll 213 T8l o] %
A O Z mulberroside AS $H/d3Ht}H(28,29). Stilbene synthase= -
AF%F 90 kDa® 2 45 kDad] AT FHE 4% dhdolm
ZTlHxol= A G492l chalcone synthase= ©}7]:=AF homol-
ogy’l 65% ©]’3 FAFSITH30).

S, Ao ARl EAlshE 2L RO FEMIEE
2 R 5SS F7e 2EURe] HE 232 phenyla-
lanine $H3¢] A% AK(shikimate) A 2E E4d3}51e] resveratrol &
4L X weba] A3 ZEH S stolx AT TR
= AdzAe x=rRh oF 5589 resveratrold I|A|olEFE
(piceatannol) o] 5713819 TH31). &) resveratrol, piceatannol
T2 7o Fof 54 717k w5500 ol S7HATK32).
TS EE9] resveratrol Y 8 F RO 7iae] ulel F4
3] Z7relAEY ole 89 Aol wet stilbene synthase &
o] F7tel oJsk Zo2 HIHUTKE3). X=E T8¢ T
£JA 2] FARE resveratrol, piceatannol % 1.5-28] Z7MAIZ T
(34). ol= =gl E-9| o] AuA| ] A, 78 Fo| £
T B A ofgk F=o o3 FU 2 ¢ AS vERdTh

BWpRol A9 AT (Mori Cortex)i= oxyresveratroll2.C} 1l
A2l mulberroside A2l %o] ¥ @& o7 Yepdrt v A
A|(M. Ramulus)= oxyresveratrol $#©] mulberroside A Et} ¥
Al YERES ™ oxyresveratrol> EF, X, Al-d wgl 5o
A 2ol HIHATH26,29).

Oxyresveratrol2| 22|& 8% ! XM=

A 4257+ $-83F5ATIUPAC)2] el W2 oxyresveratrol
o] FAHAL 4-[(E)-2-(3,5-dihydroxyphenyl)ethenyl]-1,3-benzene-
diolo] 2 AL frans-2,3' 4,5l E}slo] == A 2~ Ml (tetrahydrox-
ystilbene)®]TF. Oxyresveratrok AU 2] Z~Elo] e (styrene) ©]%
A woll EdX(rans) -2 A (cis)@ o] o EA = EEE
= rans¥o]l © 2 FEE =t} OxyresveratrolS
C H,0,0 EAS zh= BRI 24424 g/mole] F =] &
U2 CAS W& 29700-22-9¢] =& o|t}. Oxyresveratrol> BI=
1468 g/em’, Z=F 201°C, =3 523.8°C, AsH 260.9°C, =4
& 1.8, Hhgr o 329nme] 2213 A4ES 2 4= 20°C
oA 2d o BdEHAl Bie 5 Slt}. Oxyresveratrol®] &
o] thek &s= mIEHE(methanol) 406.6 mg/mL, Tho]o| €
Bl Z (diethylether) 355.3 mg/mL, °€F-&(ethanol) 328 mg/mL, ©}o]
2 4-eh-&(isobutanol) 173.5 mg/mL, 1-F]4FL-(hexanol) 114.1 mg/
mLE F7180dA Sal=rt =2 wH =23 4 S5 (pH
7291 ZHzF 0.64 mg/mL, 0.1 mg/mLe] & & ES Bl
Oxyresveratrol®] pHell tigt SHF94S ZAMSH Ax, S &9
X E Bo8ale] 0.01N NaOH (pH 10.5)2] £olA 4A] &
s = ATt

&7 oxyresveratrol RS SLEZQ 3,5-dihydroxyace-
tophenoneS methylationd}<] 3,5-Cto]H| EA] | do}H| E4F(dimethox-
yphenylacetic acidyE 93 ©]E Willgerodt-Kindler WHS-ol] 2|3
3,5-dimethoxyacetophenoneS A %31t} o] Z5E] Perkin Z3HHS
o 93l E-2,3-diacryacrylic acidE& #|Z3F ¥ decarboxylationd}]
cis-stilbene F7HE YHEQL ©]E demethylation?} isomerization &
S AA oxyresveratrolS A| X3 THFig. 3). ©] TAHY F&
30% O1URITF ransB 2] oxyresveratrol A|ZE 93+ SolFl &
gHoe R Hstar Zu] A4 olrk35). §, Kim F(6) ¥

T
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Phenylalanine — p-Hydroxycinnamic acid —— 4-Coumaroyl-CoA + 3 Malonyl-CoA

[e]
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Oxyresveratrol ~——— trans-Resveratrol

Fig. 2. Biosynthesis of resveratrol and oxyresveratrol via the phenylalanine/polymalonate pathway (27).

5 i)l g2 HE] =Z% vDA mulberroside AE Pectinex
a

ether (1:1}&No 2 FEa3tt. 52 AR oA AZ
At & 80°ColM FF A=x3k F oxyresveratrol A3

th36).

Oxyresveratrol2| 01 & 24

Oxyresveratrol®] 3 EAM O 2= pravimetry, capillary zone
electrophoresis, thin layer chromatography (TLC), high perfor-
mance liquid chromatography (HPLC) 5¢] &&14 121} HPLC
AR 7P dwH o g ARgEth HPLCO o3 4o
Mei 537y diode array detector, Alltech Alltima™ C,, (250x4.6
mm, 5um), 210-380 nm, 25°C, 1 mL/min Z=738lo|A] o)Ate] &
] A= SH90.1% formic acid ¥3}), € BE methanolS A}
&3] &l BE 5% TE 100%7H] F5A171H 388 F<F 7%
7] g2)5kdtt. & ohE WO Zorbax Eclipse SB-C (250x4.6
mm, 5 pm), 303 nm, 30°C, 1 mL/ming] Z7AselA o1& &nj
AE methanol, &7 BE SHTE AH&stel & AB=2971%
28 tH38). Zhou (29 Hypersil BDS C,q (200x4.6 mm, 5
pum), 320 nm, 40°C, 1.0 mL/min Z71oA o5 &vl A= ace-
tonitrile, €7 B= S/F5(1.0% 4’3 formic acid X3, viv)E &
o A-8v) B (595, vA)olA &1 AUl B (30:70, vv)E 258
7+ 71%7] 42139t Maneechai 5(39) phenyl-hexyl (150x4.6
mm), 254nm, 0.1 mL/min, ©]53-2 methanol:5F5=822] =4
< AHE-3IATE Oxyresveratrol £ & F 4 9] oxyresveratrol
S Luna Cjs (250x4.6 mm, 5 pm), 320 nm, 0.6 mL/min, ol%
A+ 81 A= acetonitrile, 81 BE 5F57(0.04% formic acid £
ShE 30:709] 7o 2 Y315 Tth40). OxyresveratrolZ} 70| 47)]
9] V15 SHslal = piceatannol®] #2492 Kingsorb S5 Cj,
(250x4.6 mm), Perkin Elmer LS 30 fluorescence detector, excita-
tion} emission wavelength (345, 405nm), 1.5mL/min, ©]&7
Sl AE acetonitrile, 87 B 5F5(0.04% formic acid X3})
5 25:759] 270X sIATHA).

SHH, A lakoochall9] oxyresveratrol®] 21 B Ael= TLC
densitometric o] AFEE AT B4 AL TLC aluminum
sheet (silica gel 60 F,, plate, 20x10 cm), H7]-8wlE methylene
chloride:methanol=85:152 A}&-3}32, TLC scanners ARE-3}e] 254
nmol| 4] 24331 TH39).

Oxyresveratrolo| A4 E28}% £t

o
fol

Oxyresveratrolo| EX|& 1t

A G5 (hyperlipidemiay> Eoll W lipid <Fo] FdHET &
Fro 2 AYA Fr(cardiovascular disease)?] FE Yot} &
2 73 81 (atherosclerosis)l] 218+ 3522 SH(coronary heart dis-
ease), = E5(stroke), 4734 (myocardial infraction), 734} (cere-
bral infraction)Z} 242 HEF AS o] fsixe S
HE9] =7 A9} low density lipoprotein cholesterol (LDL)2]
Aksl JA7F asity IAEF AEHOE Y FZH 2
Ef(total cholesterol)?} LDLS] 42 233 HDL (high density
lipoprotein cholesterol) & ¥ol= 9F&go] o|&H+=d A
LDL 23t oAlehs =2 el A9 ofeo] F2 o&
Aok 2y 2l Alge] B2 88315 (thabdomyolysis),

o takg Bagel 9l

r
(o3
O
2
S
as,
=
)
t
12
o
1o
N
olr
o
2
If
O

gt A7 olth(®).

HZ IAEFE A7)V F3 B2 AEZHEH fHE
HAEZ] phytochemicaloll thalh A7} o] XaY=]o] 2El
ZhEicols, JHIX T s S e EdE5E LDL T
29} LDLe] AkslelA] @37l ERIEt) Alloxanl 2 Jxs
=3 E7]9] 1 mgkg?] resveratrolZ I FEAES 4047 F
o & yAPF aIE AES A, resveratrol A7 resver-
atol2th & FYZ=HEF LDLE Z4AAFI HDLE S/
th42). 3, Jo S(43)> oxyresveratrol®] A ZREEIAIY
(thapontigeninyg FFH|ZHIE 2o] FHol| Folgt AN F F
g 2=H &3} LDL, triglyceride -2 HA3] 7431 21} HDLS
AAEA] S AFE AU g IFHAHE 2]o] FHoA 5
mg/kg oxyresveratrol £t AJFol|A] oxyresveratrol £ F=
LDL, S & E, triglyceride Fo] @A8] 7Hashv; HDLS 5
7Vete AIE AUk 53] oxyresveratrol HFH Y] HEE %
AR A3 AZEEEHE Folddl s FAEJT A7 A
AR Aoz YERITHS). Oxyresveratrol @] 4% gl &2
& Ag3le] 7hoA EaEE g4 &4 A (rate limiting
factor)?]  3-hydroxy-3-methylglutaryl coenzyme A reductase (HMG-
CoA reductase)?} squalene synthase®] A3l &S vt A}
thapontigenin®} oxyresveratrol®] A3l &do] F31A YERT)
9). WA oxyresveratrol -2 oxyresveratrolE T} -3 AR
FAFEES IXEF N GF Z2 A 71548 HELEA
M 7FsAe] & 2o AlsHT
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Fig. 3. The synthetic route of oxyresveratrol (36).

Oxyresveratrole| 44 25 3}
AZAA 3 (neuron)e] E|3}el] 71915t dAIE AAA LEYA A
e IS e &5 ol A Gxstoln] Ak
2 4lo]Z(aphasia), 719’34 (amnesia), $1X]E5% (agnosia), <&
E5(apraxia) 50 T TENE vERdTE 22Ee|E Ao o}
2 gzstolm ] Al EAE o tau AT} wEfold
Zol= sEefe]=(B-amyloid peptide)2] =3t F2o|t}. B-Amyloid
=22 amyloid Z23 P47} neurofibrilary YHE F=51
& o3 HEY ARE Hslsle] HAx] 9] S
o UERdTH44). oFd7EA] o] AWELS A4S S
= A olge ST X Yol diiol MeEA|
l %E}EJ‘:OIE 7HZl 5o AAEZREH o
7
w7

N

Agk A7 AFEHZ Uk
&.J(cerebral stroke) ¥ &4 AATHE F437] Hs)
= 384 =49 (rat middle cerebral artery occlusion)2] | oxy-
resveratrol (10 32 20 mgkeg)yS 7 W £ 23} &34
73 M (brain infarct)®] =717} 54, 63% Z+z; ZFASFATEH S
oxyresveratrol?] FoJ= HEZAPES] X]3EQI cytochrome C, caspase-
3, 2EaL ke MEAPE FFrE AA ] FaskATh(15).
ZA vt F cortical neurong AE-31] B-amyloid -FE Al
7357doll tigh oxyresveratrol?] G35 AESH A3, oxyresveratrol
Ca¥* Z71= Al 28] B-amyloidel] 28l 2= A
£t A, ROS (reactive oxygen species) WA JA, glutamate
AA| 5o EHE Ho ARG FEEAY sl
FRIFATHES). <o) ﬁlt Fet HEge] gle HAE A
3te] oxyresveratrol?] x| P FI-GS FAMSH A} ¥
£abo] e F9 oxyresveratrol F3-Eo] 68 A UERiTH o}
2}A] oxyresveratrok> - “JH (blood-brain barrier) &7} 7+
ot HAMA AkstH Q] ZE# 2 o yehte EEA
S ARE 9IS FeESHQ "*%o] g F Adso] FHHA
th(46). Jeon 547 S. rhizoma®] FZE°| B-secretase A3l &
ol =2 RS FQlslar o]ZHE resveratrol, oxyresveratrol,

o =2& 29 AAskin ol =2 F

oo PN o Hd rlo od
e

g

i O

X of

veraphenol, scirpusin

cis-2',3,4',5-Tetramethoxystilbene

HOOC

H,CO
H GOCHB

3,S-Dlmethoxyphenylacetlc acid Methoxylated phenylaldehyde

COOH

H;CO H5CO
OH X X
OCHj,4 OCH,
OCHj, OCH,4

OCH, OCH,4

E-2-(3,5-Dimethoxyphenyl)-3-(2,4-dimethoxyphenyl)-acrylic acid

oxyresveratrolk> H]7 A2 (non-competitively) SAIAZ Ki 5.4x10°
M, ICy, 7.6x10° MO|2H resveratrol Rt} &F 28l 73gt #s)|&
4& YERNRITE Chao 5(48)2 neuron 54 =291 6 hydroxy-
dopamine2- neuroblastoma SH-SYSY A|2zo] *2]$+ & oxyres-
veratrol?} resveratrol®] neuron E% {3E H|WIISTE o] A
ol|A] oxyresveratrol resveratrol T} M| I3jeo] X7 49
lactate dehydrogenase®} caspase-3 dS A3 FAAAFL wHH
o] SIRT1 ¥ IA S7M7]= Aoz YER} oxyresveratrol
o] resveratrol B} 371 AW X8 = ¢ 7leAo] At
Rk ole

Oxyresveratrol, resveratrol, piceatannol 52| Z~EWFE3} cur-
cuming AME-ste] B-amyloid FA Al oJgt AHRE EHRE
2N HESH A3, e-veniferin glu0051de7} 93%= 7}
A 431999 resveratrol> 63%, oxyresveratrol> 32%, piceat-
annol> 25%2] A= L]-E}L]- oxyresveratrol_“iﬂr resveratrol©] P-
amyloid 84 A @37t 73 Ao YERITH49). Weber 5
(50)2 neuron¥ glias EAl HH %3t in vitro stretch-induced
trauma 2] glutamates ¥ 52 =EFAX] $ oxyresveratrol
9 35 ARG A Ao A 94 & oxyresveratrol2]
el dAS AX APES GAIS AoE Yepoy =2 &
=9 glutamated] =& & oxyresveratrol®] A= ME APES o
ASHA] Fshdrt.

in vitro

Oxyresveratrolo| gt o2t & &t St

2012 WHO®| Hie)] mE2d &2 d AAIFSCZ 5d U
whire 3 @xperh 32608 W, dd W AEA wE &4
T7F LAIOYF 53, o do] o] A os AP SAb7E 8208 W
Q1 Awgolrt. ]—E AstzAtel] wWEW 5 o] dAE X%
T, A, Ax T ARES ' AFT e e A
sko] et oS o ]HP(chemopreventlve)o 2ol gk ?“i:r”}
Bo] 13 Fol A

Jang 551 23l resveratrol]
five) Bdo] HZ2 BIE I chora

¢

<Fell Wl (cancer chemopreven-

ool W P A7t
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Z13Y = AT}, Resveratrol®] analoguesE AFE-3F &tazt Al oA
resveratrol .0} &t B8 =3 HAAME| T AlE A4S
S Tt B2 E0] FRIEATH(52-55). Tan (56 <l
M wittiorum®] &7] AAS 5= AAsl 4L 9% B4 F
oxyresveratrol®] 17F At AlE o} 99 HEo) tht A XA
o] IC,, 0.66, 1.31 pMZ 247+ Jeht} 71 stk Rusksd
o} A7F A AELQ] HT295 ARE-3H A oA oxyresveratrol
o] resveratrolx} piceatannol®t} ¥ AXEAS YERUY. HT-
29 cell?] HIE5/32 apoptosisol] 7108 ZOZ caspase} Bax2l
2493}, Bel29t COX-2 (cyclooxygenasey= &13F %A = ATH57).
ool Aol A el 7ol oxyresveratrol> A|F7FA] B2 A7t
218 %E resveratrol BT} =& ¢ o¥gye}l gdads AL
Aol ¢k dt & Ao A% 715 AFLE JNE ssAel 2

3 Al

Oxyresveratrolo| &gt &1}

T B8 g FFOE type 139 type 22 FEHTE
Type | B2 AT B celle] A7t Hedukgo| ot smjz R
B 2YEe Qed o Ao A T T 10% v
qkolt}, Type 2 Bx=H2 Q& W7 (insulin sensitivity), %
3 A3 (glucose tolerance), Q& 1] (insulin secretionys-2] 2}
|72 Agto] WAlsle] Vbt Ao R o 23k 90%
oS A g A FdR ABAZRE AEHS HES o
glucosidase A4, sulfonylurea, biguanide 5°] AFEE2 AT
olF BT A7te #38-S VA glo] A2 s BHS 7
= M2 AAE digt 277 S718kaL Uth42).

nR-2~0l|A resveratrol HFH = AHAT TdEZ 73 SIRT1
I PGC-1a2 BA3}sl] nEZEgo} 7|5 a4 thidsio s
FE BE, gurkel lEd EujRkgo] Sty B ETH(SS-
61). T3 4712] hydroxy”]E 23 S+ oxyresveratrol2] ©]4d2
A9l piceatannol> T WAF] F83 TS Sli= adenosine
monophosphate-activated protein kinase (AMPK)2] &43}9} glu-
cose transport 42] ©]FS Y& sl Fd= THE YeR
ATH62).

-5 ARES Fd gy} AlFoA oxyresveratrolS o-glucosi-
dase 48 At type 2 BB S AWl AET F de=
&35 XAt} Oxyresveratrol?t mulberroside AS ThF $H3-3F
B 712 A4S 30% oeheol| FE3 AZXE2] a-glucosidase
9} sucrase®] 1C,, 2 8.05} 0.24 pg/mL= YERSITE Oxyresver-
atrols type 28 mR-ol 2ALel 3 FoAd & A 3G
(postprandial hyperglycemia)®] 88 ZAMSH A3, o] dA
8] st AFE Uehlo] i AFAEA G TFsAel AlA
HArh63). F3hHglycations E=9 2 I} e F Eapel
dald s o] HEAAY Ff ARE She AoE JRy
doyle Fa3k AAE UHA U=l oxyresveratrol®] T
5} 24L& aminoguanidine (IC,;: 10£0.08 ug/mL)2] 1/591 2.0+0.03
pgmLE UERlo] -85 FRBASAZ MEd F As A
2 BIFATH6).

Yo o

Oxyresveratrole| &z|2[o}, &Mz, &xI7, sHjolz{a 1t

Oxyresveratrol> 2]&0] M4, &30], vfolg2 2% 59 A
Yol ojgt AETH 2EFH2VF YE o S I 5
NeE EYGYLNC R gokst njAlEe st A 2 F2Y
A 28-S ZH=T}. Oxyresveratrol> &date]o}l X E4)<1 chloro-
quinedll WAE 2= P falciparum 3D79 T8k in viro FLeElE]

2

549

oF AJgA IC, 0.05 pg/mLe] 73+ dhdete]ol &S RWYTh
(65). T3 Swiss F-2E AMEEE in vivo AEIX ED 10.26
mgkg® 2 Faete|ol a7} v e Ao vEeidth w
Z}A oxyresveratrok> 7]5£9] chloroquined] WS Hole Zaly]
oftol] gk ddEte|ol o] ARG TFsAde] A H AT
gjFre] gle] w= X Trichophyton rubrum, Trichophy-
ton mentagrophytes, Trichophyton tonsurans, Microsporum gyp-
seum, Epidermophyton floccosum 5| g+ oxyresveratrol2] MIC
(minimum inhibitory concentrationy= THZF 2.0 mMZ R I F At}
(66). Senapong 5(67)°] A. lakoocha 71% % & (oxyresveratrol
SheF 80% ©1%d (ww)E AHESI 1% Candidadl g 214
45 =43 A3 MICE 0.05-3.12mg/mL, MFC (minimum
fungicidal concentration)= 0.10-25 mg/mLe]|$1 2 vlo] QI E A
S AT WA 4. lakoocha FEEE Candida® X8 2
oik-g 9k FERS| N 7FsAde] ATkl BIETh
MR ZRE oxyresveratrol, 2-arylbenzofuran, cyclomorusin,
morusin, kuwanon C 5% £/t ol 529 S aureus, B
sultilis, M. flavus, S. faecalis, S. abony, P aeruginosa 5 67l
n A Eol tist MICE 33 23} oxyresveratrol] MIC= 125-
250 pgml F<ES BIATh68). T, AFEe AlFow 4
718 a3 4992 P gingivalis®} A. actonomycetemcomitans®l
gt oxyresveratrol2] MICE 0.08 mg/mL2} 0.04 mg/mL, MBC
(minimum bactericidal concentration)= 0.16 mg/mL<} 0.08 mg/mL
Z Yeht 3821 F7HZAAI] chlorohexidine o} 73dh St
a3E BTk X3 lipopolysaccharide (LPS)Z *12]%¥ human
periodontal ligament (hPDL) M ZoM &9Z a3E HES 4
3}, IL-1B, IL-6, 1L-89] &S dAsl] 95 a3k RIS
TH69). 4. lakoocha % 71Z%-Z(oxyresveratrol SHaF: 95% ©]/d)
o] FX 9 XFEe AAFFA S mutans & 1050 g
7 &3} vpe|odE A A3 APl MICE 0.1-0.39 mg/
mL, MBCE 02312 mgmL2 23] v]gEe] et g7} n}

o

= S
EEL A AA 2 AIHIRS] 750l AAIEIATH(70).

AdolA EEE kel WS zhe dexxiubo] 2 (Herpes
simplex virus, HSV)ell tH3t oxyresveratrol®] IC7& 20 pg/mLO =
HSV-13+ HSV-2¢] %7] 8l 7] ©@A¢] ulolg|X BAlE <At
Aot T3 30% oxyresveratrol 3 AE FFF UM W W~
of FAAOT ARGEE A} FF BG4S AR vlole gt
doll o8t APgS JAFATHTI). HSVel| thet 4 X 84o=
THE oxyresveratrol®] mlo]|A 2o H AL updlH o 2 A 23 oxyres-
veratrol AT HT} gjolg 2 F3rE 943 o2 UEPRHTH72).
o] 2AIQ1 acyclovirell thate] WS zte FFdidEzivle]
& 2 (varicella-zoster virus, VZV)ol] that A& elA oxyresveratrok>
acycloviregh= ThE gulelglX 7[00 2 3 vZv EFE HYS
W 3o A~ EHS B YTH(73). Oxyresveratrol, resveratrol, dihy-
droxykaempferol, kaempferol-7-O-B-glucoside, ~dihydroxykaempferol-
3-0-o-L-thamnoside & 5%¢] EE|#s9 I Ao H &
(human immunodeficiency virus, HIV)oll thdt Z2] A= 0.8-
4pg/mlLe] W& FEAE resveratrolo] 7 943 a9E o
ERd WEHC] 20-100 pg/mLe] =2 FXolA= oxyresveratrol©] 7t
st 294 23E HERIATHT4). Galindo 5(75)°l ]38t
M 30 ug/mL oxyresveratrol-> o} 2] 7F| x| & H Blo] 2] 2~(African
swine fever virus) 212 98-100% AN SH o5 24 %
7] wpol 2 T AL 58519121 viral DNA replication, 5
7] wlolgachild S AA|ete AR WIS

¢

N
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Oxyresveratrolo| SHMSIELE

Al ZjollA Edgle] Astsls vksAdo] mle =2 &4 2ka
F(ROS)S A3l E# 2 (oxidative stress)E &35t FA|H oz
Axeol| HE F= 242 4214 At webx ROSE AASY]
gt B2 AFEo] o|RAR L glom HIZd= 53| kst 2
45 Ho]= phytochemicalsoll thall #H4lo] F718laL A= FA
o™ flavonoids, polyphenols, stilbenes 5ol that aFxks} 4 A
TF7F RAEA QJek(76-79). €Wl £33 F oxyresveratrol®] res-
veratrol BT} 733+ dakslE S Hole o2 HIHUTE ABTS
(2,2'-azino-bis-(3-ethylbenzthiazoline-6-sulfonic acid), DPPH (2,2-
diphenyl-1-picryl-hydrazyl) W 5-& AR AfEi)zd 2A%S
X oxyresveratrol®] 797} resveratrol 2t} €53 ¥ AL
Holz Ao 2 el 3 DPPH AE A= oxyresveratrol
2 resveratrol®] IC,, %] 28.9 uM, 38.5 M2 R TK7). Oh 5
80)2] K1 23} oxyresveratrol®] 7A-$- Hep G2 A X9
tacrine F= AEZAo)] tis] AEZRT IS HYow 953
DPPH free radical scavenging &3} (IC,=23.4+1.5 pM), superoxide
scavenging &3 (IC,,=3.81+0.5 uM)E YERN AT} FeSO,/H,0,00
9J3t lipid peroxidationol] THalM %= 733k 3] 3= R ATH13).
Oxyresveratrol THgh 7]1de] o]gt 3islg S Hole Aoz
BI% Y JE=H nitric oxide synthase®] WS Adsl= 2HE-S
3}, heme-induced in vitro oxidation assay®l <]3l oxyresvera-
trol resveratrol RTF T F o]t metal chelation S35 Hol=
Aoz WIEATK13). E3F oxyresveratrok riboflavin photoreac-
tion WHg-ollA] ksl o] =& trolox 2 ascorbic acid® T O &=
£ DNA E3FE HITH18).

Oxyresveratrol= 471¢] hydroxyl groupsell 71¢18l= 3221
EAOR 3 et dilslE S HolBR ASIAEYEE T
A7) F85H o8 & e EAE o9Ee] Y8E o
71570 w2 ot} AR He] YR resveratrol
of et A= ohFet RopellA] A7t X WHH resveratrol
R} gakslE o] 9423k oxyresveratrololl th3k AtE v|E3E A
o=z ko =F oxyresveratrol®] WAl 75l gk At gt
3] 1= tgst 52 o]8E sl mlg & He=E
Ay zFE T

X}
thet Adns AEd TS Adlske Ae B2 TR
A X8 2 dio] =gl =5
Hol= oxyresveratroldl] t1$t A7 2 oxyresveratrolS ThEF -
3t Q= FEAE 53] BuUF FEES o83 IY
g GEHEgo] Hdle] HE AW XsaFd] tig dHEe] &
o] RIE ST} Oxyresveratrok in vivo A AAHAGA vt
-%-(neuroimmune response)S A7 o)l AYHOZ tumor
necrosis factor-alpha (TNF-a)) A& Aslsls E3fol] st Ao
2 BTk, B Hes FEES o83 F9F w3l
st AAsol 9JshH LPSZ =% RAW264.7 macrophage &
Z2d oA nitric oxide (NO) A4S JA5I92H, TNF-a9} 7+
2 %5 WAAEY S JAERL, COX2 B INOS (induc-
ible nitric oxide synthase) &4 A3 &35 R oxyresveratrolS
RO FFslal de WY FEE0] ¢ Fd55H
E UeEldS & § AATK82). T3 W] 4. heterophyllus
9] FEE2YE EZ3T oxyresveratrol®] Z$-o%= LPSE =%
RAW264.7 A EolA §% SFAOZ NO NS H2Ae &
7t B EJATHE3). B FEEEHE 22 HAS oxyres-

veratrolS ©|-8-3t in vivo 2 in viro FES A3 A A}
LPSZ F=% RAW264.7 Al EZA nitrite 28 Aslist= a3}
£ B3O Bo]xog iNOS 54 84 Adllolle a7t 8l
o} 23 oxyresveratrok> iINOS HH & FT& oJEFOZ A3
ato] INOS B4 Hikes Ui JFS vAE o8 B
HATH13). TS oxyresveratrol> LPSO| 2]+ nuclear factor kB
(NFkB)] 3] U] o]5-& Afslal COX-2 4L dA3] A3A
71 23E B9t webA oxyresveratrole G522 NF-
kB 274 3 COX-2 #4E A AsNTFEEA INOS LHS A
sl dAF IS Hole ZoZ A7 Oxyresveratrol]
T o2 IA35 7142 MEK/ERK signaling cascadeS A3

(C-X-C chemokine receptor type 4) "7l T A|E
ol S FAAA FAFT WSS Hole Zo=Z HIHUTKSY).

E5S o83 HYuES| mXe= AF A
| 98l &% W immunoglobulin 45£°] S}

o

Qo whe-2ofl A BHAXEC Pasteurella multocida 734 =01
& APFES AsP7le AFHE BATE Ed SAAAANE
(carbon clearance test)2 53 macrophage®] ©]&& B]el m]X|
= 9IS A A7 phagocytic index?t FA8] F71ER o H
DNA EAE Aslste #2385 Yelll= #4#19l cyclophos-
phamide® FE¥ ZTFTHATOl H3] s 345 Ho Ao
) WY (humoral immunity) ¥5 ol MZui7id W (cell-
mediated immunity) ¥+-3%= S7MA7]E ZAoE HAFJATKESS). ©]
9} 728 AFNES EAs T oxyresveratrol> TS HA2E &
& A5 Aol AAE Hele BHE 9T A8 o) 714
o] &2 EZo|t}.

Oxyresveratrolol] tH&t TheFgh A=3H4<0 &dS Table 1] &

skt
Oxyresveratrol2| pharmacokinetics

2] - oJokFe] ARR A WA 75AE Hol7] fsixe
A FHAdo] &2 Edo] fedt AL 7 Utk Oxyres-
veratrok> ZZA Y9 Fpdo] & o2 HIEHUET A
EFFEES FAd AR 4, & 2 35S 24 4%
mulberroside A7} ZUjolA] tlF-E oxyresveratrolZ 3= S0 H
oxyresveratrol> AR FFE L FFE0] 50% ool eH
ZA o= 7FE 9 FFEo] A UEHTHE6). °1= oxyres-
veratrol®] 2o 7|91 Ao AztE e &g Fole uie
A mulberroside A 2T} HHIFA] oxyresveratrol2] 7H-$-7F 2]
Fr&e] =2 2102 A7) Huang 587y # E7olA
oxyresveratrol 2 resveratrol®ll Tt pharmacokineticsE HPLC

olgste] AT F e WHE By FHo| FvHd=

| ching) FE2ES AT FAXZ T FF 2 Q90X oxyres-
veratrol 2 resveratrol2 FHH o= 23t EFolA oxyres-
veratrol 2 resveratrol®] FAHUMEHS B ZFZ 029% E 0.97%,
2olME 72 081% B 0.65%th FvHEZ FEEANA #
2] A oxyresveratrolS F ol AT Fo T 2 H @F AR
S LC-MS/MSE 243 A3} 752] thrpitze] ZEjEsley o

=
=
S

(=

F UAMHES conjugated oxyresveratrolZ glucuronided, meth-
ylated 2 sulfated conjugates$ATHFig. 4)(88). Glucuronidation®] |
9 = 9 @FddA 7P BHEZAQ oxyresveratrol?] TIAMIZ S
™ sulfated THAMAS] A= HFAAT FHIA o9k e
conjugation oxyresveratrol2] X154E F7MAA HIES A
e Aoz AZHEY. Oxyresveratrol®] BIEA|21 mulberroside A
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Table 1. Biological activities of oxyresveratrol
Biological activities Test models and assay Effects References

Anti- hyperlipidemic Rats fed a high-cholesterol diet

Decreases total cholesterol, LDL, and triglyceride, but increases HDL

8

effect
Brain ischemic rats Reduces the brain infarct volume 15
. . Prevents B-amyloid-induced neuronal cell damage by interfering with
E)?glcal neuron induced B-amy- 4 i eace of [Ca**] and by inhibiting glutamate release and ROS gen- 45
eration
. Ischemic and non-ischemic rats Ingreases blood-brain barrier permeability in stroke model compared 46
Neuroprotective with healthy model.
effect Inhibitory activity of B-Secretase Non-competitively inhibits BACE1 with the Ki value of 5.4x10° M and 47
(BACE1) IC,, value of 7.6x10°M
Neuroblastoma SH-SYSY cells Decreases the activities of caspase-3 and lactate dehydrogenase, but 48
exposed to 6-hydroxydopamine increases the levels of SIRT1
Ii'g;:b‘“"“ of B-Amyloid forma- | 55 3304 of B-amyloid fibril formation 49
. Ovarian and stomach cancer ~ Shows toxicities to ovarian and stomach cancer cells with IC;, values of
Anti-cancer effect . 56
cells 0.66 and 1.31 uM/L, respectively
o . Inhibits the activities of a-glucosidase and sucrase 63, 64
Anti-diabetic effect Type 2 diabetic mice - - —
Shows strong antiglycation activity with ICy, value of 2.0 pg/mL
In vitro anti-malaria test Shows a very high anti-malaria activity with IC,, value of 0.05 pg/mL 65
Exhibits antifungal effect against 7. rubrum, T. mentagrophytes, T. ton- 66
. surans, M. gypseum, and E. floccosum
Anti-fungal effect - - —
Shows anticandidal activity with MIC range 0.05-3.12 mg/mL and MFC 67
Anti-microbial effect range 0.10-25 mg/ml
Shows antibacterial activity against S. aureus, B. subtilis, M. flavus, S.
Anti-bacterial activity Jaecalis, S. abony, P. aeruginosa, P. gingivalis, and A. actinomycetem- 68, 69
comitans
Anti-HSV effect ExhlblFS gntl-HSV §ffect by 1nh1.b1t1¥1g late protein synthesis and shovys 71
synergistic effect with the combination of oxyresveratrol and acyclovir
Exhibits antioxidant activity by scavenging using ABTS" radical and
Anti-oxidant effect DFRSA® and SSA® exhibits a DFRSA with IC,; value of 23.4 uM and SSA with IC,, value 7, 80
of 3.81 uM
Anti-inflammato Inhibits the production of inflammation mediators such as TNF-a. and
Y RAW264.7 macrophages nitric oxide 82

effect

Exhibits the inhibitory activities on COX-2 and iNOS

*DFRSA: DPPH free radical scavenging activity
"SSA: superoxide scavenging activity

7t iAol elsl] AEHS =] A€ oxyresveratrol> Caco-
2 M EZole] F3=7} mulberroside Al Hlal D53 S7HEA=
4l o]+ efflux (p-glycoprotein 2 MRPs) ®i7l] 7o) H#AE|ATH
(37). B3 oxyresveratrole] 739 ZWFH S Z Z1o| A glucuronidation
o] dolivh= tAtFAEE AA Aol Fxpdo] Sk Ae
Z HIFEJC Tian 5(89)° 2lste] AHTE2 oxyresveratrolS
248 4 3lE HPLC-MSMS 4O 2 ol oxyresveratrolS
AT-FIst Foll 43 elimination halflife (7,2 0.693/K, (K,:
elimination rate constant) t2 HT}. Oxyresveratrok> 74 Al
7AR 5 28-S Ho|=dl oxyresveratrol®] blood-brain barrier (BBB)
g 54 & Jd=AE 9 A AU 2dA =
oxyresveratrok H]%F SO A R, SEAAF &
o] g3 A= oxyresveratrol?] o] F43] Ukl AL
Z Yepht=d ol E@H 2 (middle cerebral artery occlusion)
F o] s|dxZ A brain oxyresveratrol®] 660% 5 7FSF3ATH46).

o]& oxyresveratrol®] BBB £37} Z71E |8z oA o] 214
H3o 35 Hole AoE HIEHAT Oxyresveratrol> mulber-
roside ARTH FFHAME fEgh F25 7 dow wg
F7E Fol= glucuronidation F°] Yolut wjEo] &olgt FE)
2 A%EEe oz AzEn. =3 BBB T4} 7Fed Aoz
HiEo] HAl73d5e] ot 9 XRolx AN 7Hsg 71578 2
o] YEEA ¥F opE} oJokE YEEAME T8I EHS B

shaL it

Ho i

HE o Hy

2gdl 33E 5 mulberroside A, oxyresveratrol, resveratrol,
piceatannol> 714 AEAAS vEllle Zo2 d#Ae| w
g} o]¢} e 29l EAELS Tkt AW ol E A5T

e A EHE B e Aow et Hze)

o)l
[SR =1

IR
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Fig. 4. The metabolites pathways of oxyresveratrol in rat urine and bile sample after oral administration of 100 mg/kg oxyresveratrol (88).

AFAF] 25PH oxyresveratrol> BIFA| 21 mulberroside A 2
hydroxyl group®] sl -2 resveratrolol] H]3| aHitslE S H]E

3l tekel AE)7)sol o 953 Zle g B uEQtl. Oxyresveratrol
o s olg} gu= g A A, P, O,
vl g Fol YHAUA HE F IS B Ut 53] At
3}2] o] mulberroside A ¥ resveratrol B} 322 4ksld A

_I_E_gﬂ_/_:g]_ % wo ZTB:](O]— *76301— 37_;(]53 1:]_ %—_)94 oﬂbﬂ—
% AR wAAL A2 HAA, A2 3 A5 A9
Bl we} dzely Ha4 Age] W o] 343 F1ed

E]sgﬂg,}xqoa B o}x3loln] = AElA AEF A} olo] He
Aol WAEC] F7IIL = FACIRR o] siAdstr] 1%
AZ7152F = oFF 5O = oxyresveratrob ©|-§-3t3A} 3}
= A7 8 Tl sich

Oxyresveratrol AZe AEZHE AH Eolsh= W, resver-
atrol 27 FAste W 2|3 By Beld v EAlske
mulberroside AZFE| vAE & T4 JigEslol ofg Wy
o2 AxT 4 Ao} Oxyresveratrole E3] A AAHog A
=L Qe e E27108A) B e el ok e
Aoz A Atk LI AJAF2] oxyresveratrok =AM 7R,
ALz Ado] Mzl wet vl mulberroside AZHFE H]
WA oxyresveratrolZ F3Ho] LoJLpA] oxyresveratrol®] FEF
o] F7kstal el wet stE S BiRe 7)Aol SUkeke A
o7 HBIFAT Oxyresveratrol®] THF3H 7154 S nfgo=R
oxyresveratrols P1¥] g 3pAbsl R8-S Zhe SPIEC] YE=,
U W A AAH EFHE Hole oF H YokE BEA 2
g2 7715 4FY] 482 Aol 7 Aleltt 53] &Mzt
9 a7 wgt dA= FEe] 71 Aol g A &
ws] YL = FAlol Wt oxyresveratrolol] it 715 A
TE TS & Jdste] 4zl 7leAdT i A2 7]
4% TEshe A7k JdEojof & Aor AzHE. o
ol7} oxyresveratrol-‘% 71%573¢] Y= flavonoidsH2] E3tel <Js)
AR &3 A7) A% A= 8 Eojof & Zlojt}

oJekF o g sl fEiME MEEg F gl diE F

olrl

7} AFE H]E38}e] pharmacokinetics®l] tgh A7 FAH o=

R Eojol st} k)] EAo st A 2 QA H LA HS

&3l ZAE oxyresveratrol> T AWl NHEHE Hol= ¢

oFE 9 OHE HIAR s ke % oy, A AAH ez

QYEeE AEooRE 2 AFEo g o]gEo] & oxyresveratrolS

= @%0} Ae A, s H]%@ AAAs & A%
g 2 A7 AFEE S ZoE Azt

2 ATte %’—%‘%—tﬂ%%‘— AFARI AR E71E 70 AL
A, 114033-03 2 313028-3)9] A-7H] Aol 23] 3=} om
ol ZAt=Hu T}
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