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SUMMARY
(FEL o)

Root bark of white mulberry (Morus alba) has been used as a traditional
oriental medicine to treat fever, urination, cough, pain, wheezing, edema, and
infection, and to reduce blood pressure. Recently, it has been known to protect skin
pigmentation by sunlight by inhibiting tyrosinase activity which is a major enzyme in
melanin synthesis; therefore, it has been used as a component of natural cosmetics.

In this study, we found that the major whitening agent of root bark of white
mulberry was mulberroside A, a stilbene containing 2 glucosides. It has been
reported that aglycones show enhanced biological activity (for instance, antibiotic,
antioxidative, and skin whitening activities) compared with their glycosylated
compounds. Biotransformation is often used to improve chemical activity. Thus, we
performed biotransformation of mulberroside A to produce its aglycone, oxyresveratrol.

There are various kinds of Morus alba and they have different components
for skin whitening. Therefore, we collected many species of mulberry cultivated in the
different area of country and in China, produced the ethanol extracts, and measured
their whitening activities. We choose the Morus alba cultivated in Andong area,
because its extract contained the most amount of mulberroside A and showed the
highest inhibitory activity on mushroom tyrosinase. Among various B-glycosidase, we
used Pectinex obtained from Novozyme which has been proved its safety from FDA
and has been widely used to clarify fruits and vegetables juices.

The optimum condition of the enzyme activity for bioconversion was pH 4.5
and 60C. We found that mulberroside A was converted to
oxyresveratrol-3-O-glucoside (OXY-3) containing one glucoside and further to
oxyresveratrol (OXY), an aglycone of mulberroside A. Therefore, to evaluate a
potency of these stilbbenes as cosmetic agents, we performed their purification
process and investigated their whitening activities, inhibitory activities of melanin
synthesis, cytotoxicity, stability, and skin sensitization and irritation tests.

In the first year, mulberroside A, a glycosylated stiloene, was isolated and
identified from the ethanol extract of the roots of Morus alba. Oxyresveratrol, an
aglycone of mulberroside A, was produced by enzymatic hydrolysis of mulberroside A
using the commercial enzyme Pectinex. Mulberroside A and oxyresveratrol showed
inhibitory activity against mushroom tyrosinase with an 1Csp of 53.6 and 0.49 upM,
respectively. The tyrosinase inhibitory activity of oxyresveratrol was thus approximately
110-fold higher than that of mulberroside A, and tyrosinase inhibitory activity of
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oxyresveratrol was 1500-fold and 43-fold higher than those of arbutin and kojic acid,
respectively. Inhibition kinetics showed mulberroside A to be a competitive inhibitor of
mushroom tyrosinase with L-tyrosine and L-DOPA as substrate. Oxyresveratrol
showed mixed inhibition and noncompetitive inhibition against L-tyrosine and
L-DOPA, respectively, as substrate. The results indicate that the tyrosinase inhibitory
activity of mulberroside A was greatly enhanced by the bioconversion process.
Oxyresveratrol and mulberroside A strongly inhibited melanin  production in
Streptomyces bikiniensis and exhibited dose—dependent inhibition of tyrosinase activity
and inhibition of melanin synthesis in B16F10 melanoma cells. Oxyresveratrol
demonstrated a great inhibitory effect on tyrosinase activity and melanin synthesis.
We evaluated the antimicrobial activity of oxyresveratrol. It showed higher
antimicrobial activity than mulberroside A, which means that the antibacterial activity
of mulberroside A was enhanced by biotransformation. The activity was higher
against Gram positive strains than Gram negative strains.

In the second vyear, the enzymatic hydrolysis of mulberroside A with
Pectinex® produced oxyresveratrol and oxyresveratrol-3-O-glucoside. We tested
oxyresveratrol, oxyresveratrol-3—-O-glucoside, and mulberroside A 1o determine
whether they could inhibit ultraviolet B (UVB) irradiation-induced melanogenesis in
brown guinea pig skin. Topical application of mulberroside A, oxyresveratrol, and
oxyresveratrol-3—-O-glucoside reduced the pigmentation in guinea pig skin. Low
anti-pigmentation effects were shown in the 1% treated-samples. However, 2% and
5% treated samples showed clear depigmentation effects. These compounds
suppressed the expression of melanogenic enzymes tyrosinase, tyrosinase-related
protein—1, and microphthalmia transcription factor. The anti-melanogenesis effect was
highest with oxyresveratrol, intermediate with oxyresveratrol-3—-O-glucoside, and lowest
with mulberroside A. Mulberroside A is a glycosylated stilbene of oxyresveratrol; thus,
the deglycosylation of mulberroside A resulted in enhanced inhibition of
melanogenesis. Histological analysis with Fontana-Masson staining confirmed that
these compounds significantly reduced the melanin content in the epidermis of
UVB-irradiated guinea pig skin compared to the vehicle control. In anticancer test
with oxyresveratrol, it showed higher cytotoxicity effect than mulberroside A in breast
cancer cells. The result means that oxyresveratrol produced by biotransformation of
mulberroside A has enhanced whitening activity; moreover, we found its availability as
a candidate of anticancer agent.

In the stability test of oxyresveratrol, it was stable in acidic condition but
unstable in alkalic and neutral conditions. It kept its activity over 90% in ethanol and
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1,3-BG. lts stability was measured according to the material forms containing
oxyresveratrol and we found that it was the most stable in HP-3-CD followed by
microcapsule, nano capsule, liposome, and silica. All forms were stable in cold
temperature, but oxyresveratrol in HP-B-CD form was consistently stable in any
tested temperature. Microcapsule form was stable after a designated time has
passed.

In the third year, we carried out the mass purification of oxyresveratrol and
oxyresveratrol-3—-O-glucoside and produced significant amounts of both compounds
having over 96% purity. Antioxidant activity of oxyresveratrol was higher than that of
oxyresveratrol-3—O-glucoside. Antioxidant activity of oxyresveratrol was higher than
that of ascorbic acid at 1 pM concentration, but ascorbic acid showed higher
antioxidant activity than oxyresveratrol at 5 uM concentration. Oxyresveratrol showed
a significant reactive oxygen species (ROS) scavenging activity at 5 and 10 uM
concentration. Therefore, oxyresveratrol might be suitable for a candidate for an
anti-aging agent as well as a skin whitening agent.

Stilbenes are known as antioxidant and some of them show
anti-pigmentation  activity. We also investigated whether oxyresveratrol and
oxyresveratrol-3—-O-glucoside produced by biotransformation of the extract of Morus
alba root show skin irritation and sensitization. In skin irritation test, 1%
oxyresveratrol, and 5% oxyresveratrol, and 1% oxyresveratrol-3—O-glucoside showed
P.LI score 0, 0.04, and O, respectively. Accordingly, the two stilbenes were evaluated
to be practically ‘non-irritant’ materials. In skin sensitization study by guinea pig
maximization test (GPMT), 1% oxyresveratrol, 5% oxyresveratrol, and 1%
oxyresveratrol-3—O-glucoside did not cause edema and erythema at 24 h and 48 h
after topical application and exhibit sensitization score 0 and rate 0%. Consequently,
it was confirmed that oxyresveratrol and oxyresveratrol-3—O-glucoside had no contact
allergic sensitization in GPMT,

In summary, oxyresveratrol and oxyresveratrol-3—O-glucoside produced by
biotransformation f7Hm mulberroside A showed the enhanced whitening activity
compared with mulberroside A and they did not exhibit skin sensitization and
irritation. Therefore, oxyresveratrol and oxyresveratrol-3—-O-glucoside might be potential
candidates as skin—whitening agents without serious side effects.
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Dejol A 200730l = oF 3739 @ 20080l = 3979 @] qFEel @kt (Fig. 1).
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Table 2. 7] 5A3ZE 45 EZ9 T4

T 5 *E
gy FE2 2%
AHE (Albutin) 2%

v o " o2zl o€l (Bthyl ascobyl ether) 2%

715 09X Nz =ZH

qm oS EETEE 0.05%

o (Oil soluble licorice extract)
Ascobyl glucoside 2%
Magnesium ascorbyl phosphate 3%
€= (Retinol) 2,500IU/g

==

" o}Eli=4l (Adenosine) 0.04%

ik

N EEXE B RS .

Ar  (Polyethoxylated retinamied) o
#Eld Zr|H o]E (Retinyl palmitate) 10,0001U/ g

A &5
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Table 2. 7|54} FE 945 EH9 T4

T8 T F
=M ¥ 1} (Glyceryl PABA) 0.5~3%
=2 W EZE (Drometrizole) 0.5~7%
Oza=z<d EgegdolE (Digalioyl trioleate) 0.5~5%
3-(4-H A A edl) 7

S A ) i 0.5~5%
(3-(4-Metylbenzylidene) camphor)
W FEZ L ]E (Menthyl Anthranilate) 0.5~5%
Wl 23] =-3 (Benzophenon-3) 0.5~5%
2]
_ Wl 29 +=-3 (Benzophenon-4 0.5~5%
bt P

715 wzw=s3 (Benzophenon-8) 0.5~3%

PERc]

T Rd dsAOzd g 0550,
(Bytyl methoxydibenzoy imethane) . ’
A=A o] E (Cinoxate) 0.5~5%
SEAYZ (Octocrylene) 0.5~10%

284 Uud vy

ol Y d gt 0.5-8%
(Ethylhexyl dimethyl PABA)
qEEH Y v ZAAUH | E

] 1521wl o] 0.5~7.5%
(Ethylhexyl methoxycinnamate)
o A& 4 4] # o]E (Ethylhexyl salicylate) 0.5~5%
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Table 2. 7| A} ZE 95 EZ9 T4

72 % o3
o A3 A Egjo}E (Ethylhexyl triazone) 0.5~5%
ddolr| =Wl Z Q] o R =
a2} P.l i H l 0.5-5%
(p-Aminobenzoic acid)

2-s il =o| S5 A F YR A = 0.5-4%

(2-Phenylbenzimidazole-5-sulfonic acid) ' ’

SR8 o] E (Homesalate) 0.5~10%
A SAle]l= (Zince oxide) 25% ()
ElElF $Alo]= (Titanium oxide) 25% (H )
ool p-m] = A 4} o] = _

o)A p _ ] 10%(Z o)

] (Isoamyl p-methoxycinnamate)

AL 2o AR S A s WEA Y Eg o}y ]

7]}:_ . .. 10%(5’] EH)

°© (Bis-ethylhexyloxyphenol methoxyphenyl triazine)

AE Haw dd gaAvnE HESAZYOE AFO 210%
(Disodium phenyl dibenzimidazole tetrasulfonate) (Ad)
RV EYSY EYAEL i

PlEE meE 15%(H o)

(Drometrizole trisiloxzne)
Hol 2o 4 REHE E2oE _

. e = 10% (A o)
(Diethyhexyl butamido triazone)
Zo) A5 2o dudndeolE)  10%(H )
H2d Bla-dxEZ oS JdHEZAME FH
3= (Methylene bis-benzotriazol tetramethyl 10% (H )
butylphenol)
HEz2e)d g dEd ) 2 9F 2H0 210%
(Terephthalylidene dicamphor sulfonic acid) (Hd)
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Table 3. Pheo-melanin®} eu-melanin® ¥®]x

Property Pheo-melanin Eu-melanin Specificity
Color of Yellow to reddish Dark brown to L
oW
tissue brown black
. ) ) Soluble in acid
Solubility Soluble in alkali ) Low
and alkali
Elemental C, H, O, N (8~11%) C, H, O, N L
composition S (9~12%) (6~9%) o
: DOPA Low
Ultimate Cys-DOPA )
precursor 5,6-DHICA High
Mono_mer Benz‘othi'azine 5. 6-DHICA High
unit derivatives

32 Aztde BAFAY B=

Wl ol AFgAHS L-tyrosines 7| @ ZA tyrosinaseol 23] L-DOPAZ 7 35
3 Al DOPAquinonel 2 3 ¥ o] HFH o=z @egtdo] ), o] Hxo d&
ol Watd A x4y TA Y.

DOPAquinonel & A 3+ %

Lo,

< HF &2 pheo-melanin® A IA A=
eu-melanin® ATA A=Z2=2 vy, WA, pheo-melanine] AT A=ZE= tf
S 7 #Ztt.  DOPAquinone A 3t 3 o
cysteinylDOPA 2 % 11, o & & A 9 2S5 A alanyl-hydroxy
-benzothiazine®] ¥ % pheo-mealnin®] A4 ¥t} (Fig. 5).
$tH, eu-melanin® A $A H=ZE DOPAquinone®] leuco-DOPAchromesS A A
DOPAchromes AFSAIZI Y5 ®= vA] 5 A=R=Z ol Ao sty
TRP-2(tyrosinase related protein 2, DOPAchrome tautomerase)°] 2] 3f
DHICA (5,6-dihydroxy-indole-2-carboxylic acid) & X =i TRP-1
(tyrosinase- related protein 1, DHICA oxidase) ol 2] 3 A
Indole-5,6-quinone-2-carboxylic  acid® Asl 4 Z FFHE-S- o o] 3

eu—-mealnin®] AAIHE FAZo|t. = & = DOPAchromeol| A A5 A3} 5 of

M

glutathione& & cycteine ¥}
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DHI(5,6-dihydroxy-indole)S A * tyrosinase 5%+ peroxidaseo] 2J3f] 4F3}x o]
indole-5,6-quinone®] o ¢ A=z} o] F3HHESE A A eumelanine] AFAFE = H
degtd e A S

il d o] A eA S tyrosinased o &
¢1zF¢l tyrosinase blocking

interferon(INF), melanocyte

Sol Wy Az A4

2 o]t (Fig. 6)[70~72].
+= DOPAchrome conversion factor®} & #|3}+=

=738 =

factore] FEFS
stimulating hormone(MSH), vitamin D3, histamin

W=}, ®E3k  prostaglandin(PG),

Holdtes Aom dHA JdT[73~76].
Tyrosinase Tyrosinase
oLH H2 O H 1] Co.H
TN TN Y
HO H [a]
L-Tyrosine L-DOPA DOPAquinone
glutathione
or
cysteine

o CO.H HO COH
- HH NH
Pheo-melanins «— < -
\\/U H N<

C0uH

Alanyl-hydroxy-benzothiazine CysteinylDOPA

Fig. 5. Pheo-melanins®] A 3A F=.
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Tyrosinase Tyrosinase

oo Ho HO CouH u} CoOH
H HO o

LAeosion LRORA, DOPAguinone

aH 8]} oH
H | g CO-H
i ; E o :‘:[ ;:N: =
P B CO:H OH N oH i H

DHI Tyrosinase DOPAchrome LeucoDOPAchrome
/ or Peroxide

o DOPAchrome |
H
N
H DHICA

Indole-5,6-quinone
b, T

| DHICA
\ . s oxidase
o
B

Eu-melanins Indole-5,6-guinone-

2-carboxylic acid

Fig. 6. Eu—melanins®] A{AH F=.

3.3. ZEtd A A 717

U abgkA A debd gk AAe o d Fuky d9F uheS olAlw@Th e oy
el AxE AL A A HFFA Foiu vusFFAdE BE YRrow



i g e TR

=4, Aol E7F<l (eytokine) o] A& FAste]l Wepbd S AT Ao ETL

2 "Hopd AlEo] Hepde] e PHEste Aadd EARA ALo]ETRQIe #

&S JAetE detd S AA & F 9)\‘3}.

A A, tyrosinased A& Aslste] @} oo #\ebd A AH =

A L-tyrosine® 4B DOPAquinone . & K*%‘rﬂl:— F3ERES-S F v dli= tyrosinased]
245 Asfste] Aepde] S oA o

ny

o

>«

5, Mo
12

2

ok

=)

A, A&itst whes ofAstel debd Ade 9 Ad. DOPAquinone°] A7 %
o] -9 #AEAksl Wk A2 o) HXHEG. ojul FAYNLE AANET 2N
Apsikst wbgS AAsty Wepd e AgS A o

adar AAISE AAstel A4S S vF gHer ek Ads AAsE 7
Zrol Atk &, A4dS A AAE FAAA o] AdE "Hepdel wiEgSs &l

A AAA Aol x7] EATEANA A ATHT8].
ARtH o 2 tyrosinase &/ A e ¥ 7hH F(mechanism)2 F 7HAZ Us & U
AR = tyrosinase® ZAF-9ol EFFH 3= Cuolol #Z o]l (chelation)¥ = Z
ojth. ol¢ WEA =HARE A Ut EAl= Cuol2d Aol He B¢

=
ks g el ol YEHY BARE dREo| 9

Ir

3.4. Tyrosinase

Tyrosinasex= VA E, A& 9 &5 5 Ao EE AE Fo x5 Qlon, 3t
St ¢+ A (metalloprotein) ©] tH79].

Tyrosinases Wetd o AFAF BRoA Ao vb&E F 7HA 45 e
t}[80]. 31} E  monophenold hydroxylation*] A  o-diphenol® A 3FA] 7] =
monophenolase &4 ol 1, t& 3} o-diphenols oxidation*] 71 o-quinone
o =2 AH3A 7] diphenolase &Aeo]th[81, 82]. F A A F
monophenolase &4 & tyrosinase? £E= %2 Ao #A g o2 &
of 71d ¢ Frol dFS W=vH[83~86].

Tyrosinasex™ & F 9 <tel 23t 9+ Cuol9 FH e 233

al
2o uwe} catalytic cycledl Al 37FA ¢ formE ZFXu. @A43F H@H dHo
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oxy-tyrosianse(Eoxy, Cu” -02-Cu®)E 8 %9 Cu”9 A2 X3t ot} v
g3t B deoxy-tyrosinase(Egqeoxy, Cu'-Cu)E Cu*'ol o] 34" Fe2l Cu'ol
2072 &A%Y 2A2E ¥ AdA o vpA T O 2 met-tyrosinase(Emet,
Cu”-0-Cu’)7} Ltk (Fig. 7)[87, 83].

L-tyrosine®} #Z & monophenol2 oxy-tyrosianse® A H ¢ H 3o
Cu?o] €3 chelation® T oxidation¥ o] & w] %31 diphenol® A 3
¥ t}. Diphenol> tA] oxidation¥ o] #Hgtd A FE A< o-quinone %= A
Z v# 3 o] W oxy-tyrosinase® Cu®ol £ o] 3 Q3w A H G433 I
B} Q1 deoxy-tyrosinase® A& ¥}, v &4 3 ¥ deoxy-tyrosinasew & & %
o 9o AA2E FFWol oxy-tyrosinase® YA A 3 E o] monophenol
I oAl §kgs A # oH[89].

Q Diphenolase cycle

ny‘tyrosma se

Mettyrosinase

Monophenolase cycle

2 N :

cut cy?t
N/ \N

Deoxwyrosinase

M/ T \
|
+H,0 "
a

Fig. 7. Tyrosinase &4 Zu] #lo]& .

_24_



3.5. Tyrosinase inhibitors

2 AL g5 o] A Q1 ascorbic acid+ tyrosinase
2 oolu A4dHE Hogds 3y doydow
A A AME IA ) =vH(Fig. 8). LH Y ascorbic— acidE FAFAZ A dloll A wj
BotAetal, Iedor EE E3 557 odu. old dis Bestr] 9l
ascorbic acid® OH 7] & "& =4= X&d F=AE°] /IEHAT. dExdo= 29
A OH 7] & X &3k ascorbyl glucoside, ascorbyl phosphate®t 3H A OH 7] & X
3+3t ethyl ascorbyl ether7} I th. H=gt X W4k ester formo 2 & ¥ ascorbyl
palmitate, ascorbyl stearate’} ATk, o] &5 HFS- 7|7} Ao Qlo] 3o
] -¢- ¢+ 8k tH(Fig. 9).

\‘\\\\O

HO Ie)

Fig. 8. Ascorbic acid 3}83% +Z.

“Rgg

(@)

Fig. 9. Ascorbic acid’s FE=A 9 384 Fx.
(a); ascorbyl glucoside, (b); ascorbyl phosphate,

(c); ascorbyl palmitate, (d); ascorbyl stearate.
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=

Webd ALE JARE $Hol YolHE FSEAENR =AMl Y F
}

A3 AFA3}E 7R 2 Q). Fto] =2 H =L tyrosinase? diphenolase & 4
S Assted L-DOPAVF Regtdoz A= HAS WA (Fig. 10). ¥bHE
F AL tyrosinase?] A form<¢l oxy-tyrosinaseel Cu®'# Zd oA

o]
tyrosinase®] &4 & A& h(Fig. 11). 28y =Z A AL 3+ £
o] A& o] FAEHAA, SfolEEZFH =2 AEY AFo] A

5%ml vt H7k7F 8 & = Ao

]
o ¥
o

HO OH

Fig. 10 Hydroquinone®] 3}83 =%,

CH,OH

Fig. 11. Kojic acid9] &34 F+x%..

2] 2} 8,
FE ATCEE 4" Ay FEE x FEE ol dth
(cowberry)$!, W= 9 = (cranberry)¥ SolA F&3 A A EA o th(Fig. 12).
Tyrosinase®] monophenolase &4 <& A 3dsle] dWepde
o2 = AFA Dol Bl TFERE Fol=RE

ol Qo Heky mMUs

ad9= 34 4 R wAEAn
Fus e bR (Moraceae)] &% B L FHIAN RO RelE Az
AR 29, WEEQ, WE, AR A, AG, AFFEC] Yol WA FARE



&9l oxyresveratrol®] tyrosinase?] A4S A= A7 R JTG2~
55]. ¢ " A Aokd mwMAds R 1A H .
Hxe Ay et bR &9, Fdefole s a3 59 A&o] ol TFEH} A
Fl A HA AR AFEHAA o Fx FEE T NPT BE e

glabridin®] tyrosinase &4 & Adsto] Wetd AAHS gAY £ A4
EATY styEA AEFHRAl Foe= FH ol Avh(Fig. 14).
ojdtel = gt FEE, = HE, coenzyme Qio, a—hydroxy-
acid, oFA gk 2k, HE =212k A A 2H(salicylic acid)s ©] tyrosinase A A 3] 2

ole] 7kA zZtgo= 1% Mg st Qe Aow oA At

rir

o _|H‘
W
it
fu{n
)
o,

Fig. 14. Glabridin® 3383 F %,
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B
=
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Ela=|

g d e

HH

2ED

Wil yto] WL (Morus alba 1.)[47-51] =& <&

=K

B7} wal A wuae) )

W v Hold &
4374

e

=4doltt (Fig. 15).

mulberroside A,

i)

=
L

] 0]

A
=

glyosylated

e @A =udA o

S

mulberroside A+

a1z

piceide % o]t}.
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stilbene .2 Morus alba

=]
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2 AFEE I 9t} (Fig. 16).
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HOl

HO

Fig. 15. /&% 9] (Morus alba L. root)®] A}3

HO \\\OH
HO \
OH HOI:

O
NoAveS

O
" HO

OH

Fig. 16. Mulberroside A¢] 334 F=.
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52. 2E2HW Y A9 3 FEA

22l (stibene)ol & 3}st2jo] CyHpll WS @sfriz A9y ERAY F 7HA
ol ddAZE =l WFHS dAgEEAe MY Ld dEH < A9 shvold (Fig.
7, 8). 12-volalde o] g s Al 2F e

A A sk 29

bR, Bolle 2 54 GAT f71Eel = v F o=

of oeir et

2 ASAEY o UFrAd, 5d FE EA5ie AEsHer &S T}
A= olxA HatEzA AEA WA= resveratrold e FEAS HElR EA ST}
[57]. phytoalexino] & A=A Ujoll A vt ~E# 2o Rkgate] JHHE= &

Aol EAlst= ~Ewl FXA (stilbene derivatives)© HEZ o] dFolgt & 4 9l
[58]. WA (heartwood)oll ="Hl F&Ao] A& A= Ao A= wWztdFo 3
Qo Aidr. oy IS EI vAE HAA (microbial pathogen)oll o3&

oyt F& dA (colonization)ol] thdk WS- o7 WSO X 7% Jh=d|, thgd T

ERrge] 2"l FEAES ey 2 (Fig. 17). ER2F] 2"l 72430
Az g2 287 YA T/ ugt Edo] nuiHEE & 4 Auh oxyresveratrold}
resveratrol> R3¢l Z-&7]e] wet AAel #Hrk R3¢ #A&7I7F OHY A5+
oxyresveratrol©] A9t HY 74 9= resveratrole] ¥t} E3F rhapontigenin® rhaponticin®]
5% RS ZE7)el wet AAo] "H5 & At rhaponticin® Ry Abg]o] Zo]d
Fo] Dol Aol H7} 2214 rhapontigenine] ®uth. of®l 324 FAM S o] &3

FNGHE B BAL wEC Y gk
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Fig. 17. (Z)-stilbene (cis-1,2-Diphenylethylene)®] 3}st3 =%,

R

Ry

Rs

Fig. 18. Stilbene derivatives®] 3383 F=..

Table 4. Stilbene derivatives® 3}std F+x x}o]..

Substituent
Compound
R: R Rs R4 Rs
Oxyresveratrol OH OH OH H OH
Resveratrol OH OH H H OH
3,5-Dihydroxy-4'-methoxysilben
OH OH H OCHs
e
3,4’ -Dimethoxy-5-hydroxystilbe
OCHs OH H H OCHs
ne
Trimethylresveratrol OCHs OCHs H H OCHs
Piceid OGlc OH H H OH
Rhapontigenin OH OH H OH OCHs
Rhaponticin OH OH H OGlc OCH;3
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6. Oxyresveratrol

6.1 Oxyresveratrol® A 7AHd 2 &3

Oxyresveratrol< 2'34’ 5-tetrahydroxystilbene 2. % mulberroside A<¢] aglycone®|th
(Fig. 19). Oxyresveratrol< resveratrol¥ FAFsE -2 =2 FHo] o] gAA o] =4S ¢
23] A z37) % FH59].

Oxyresveratrol &4F3} #H8-o] 9lo] radicale 7FAal 0+ reactive oxygen species
(ROS)-¢} reactive nitrogen species (RNS)- £S5 A A3e] ROS9F RNSe] #Haj4 <l
B3AZ A AH60]. Oxyresveratrol:= 4AF3} ¥x] 9 antinitrosative &5< 3] <
A& & o4 Hld8o| neuroprotective &3S H.o]il mitochondriaol A Alo]E T &<}
caspase-3 43 = Astslo] apoptotic A¥ES] HS5S HATH6L] E TE A=
oxyresveratrol® 9% ZFES HuFrH62]. H resveratrol HUF FHold tyrosinase

Al &4, kst A S Zte Ao BauEolA JF wmA R AFSE AL 63 ~66].

HO

OH
HO
HO

Fig. 19. Oxyresveratrol®] 382 J%..

7. A7EH

HAA7EA G W w o] tyrosinase A 8] A 2= arbutin, hydroquinonel67], kojic acid[68,
69] Sol Atk 2y dA kojic acidE HY JheA wWlEol Abgo] FAHYL
hydroquinone& A=A 3 ¢tAA wjio] 1 AF&o] A|FAHoln arbutine wjwl {37}
- wke FAH Fo] Art o9k B FAIHES A4Sty ¥ %2 tyrosinase # 3l

A kA H AA el A= MEE AsiA JiEe] agrE Al T



L AAEQ Wy F=E09] tyrosinase A EAlo] -Fotar A=A o] v QbAA
o] Yt A LR HAJT wEA Ay FEFES A2 A ugst sgEel #

Zhel o glow wmjwl g 3lo] FAE-LS mulberroside AR ¥rE Ktk

T3t mulberroside A+ 2719 2
3} oxyresveratrolo] € Ao &
2 7bF et e 4R
Az A171 AMEA BEE

-+ 5

= et =3 AE A3 A, 39 tyrosinase A A3 wWabd M A A
A
01‘

[e5

A8 2 AaAE mulberroside A9t oxyresveratrolol tyrosinase A8 A, #Habd A
A A, B & T APS st VA SFFoEANY Y Ve S HE
A,
HO \\OH
HO N
OH HOIln
0O OH
0] 0]
HOl 0o
/ HO Mulberroside A
Hd %
Biotransformation
HO
Doy
HO

HO
Oxyresveratrol

Fig. 20. A EA 3] 93 Mulberroside AR E oxyresveratrol® #|Z
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T, AR, o4, e Bad o4
A

o

1.2 A2k

B oAgos g42% Pectinex” (Novozymes, DENMARK)S AH43199 31 mulberroside
A3} oxyesveratrol, oxyresveratrol-3-O-glucoside 2] w|¥] 2 H|WE arbutin,
resveratrol, kojic acid, rhapontin % rhapontigening A}&3o] Ml A3} T}

Tyrosinase A 8]&A =A o] AF8% L-tyrosine, 3,4-dihydroxyphenylalanine (L-DOPA),
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mushroom tyrosinase, resveratrol, kojic acid 2 arbutin< Sigma (St. Louis, MO, USA)
A %S ARSI T Rhapontin 2 rhapontigening 2 A3 Ao A w32 5E F=
3t rhapontin?} ©]& &AHd3be] 93] aglycone® ® %= rhapontigening A8 3

[61]. =3 buffer Az A€ ¥ sodium phosphate monobasic anhydrous, sodium
phosphate dibasic anhydrous® F& % ®4d A8 % DMSO, ethanol, methanol,
acetonitrile, phosphoric acid % I ¢]9 A JELS 75 E EF ASS AFESA
t}. Goat polyclonal IgG tyrosinase, TRP-1, TRP-2, MITF, Actin, anti-rabbit IgG
HRP conjugated antibody+= Santa Cruz(CA, USA)A} A#S, ECL nitrocellulose
membrane, western blotting detection reagent< Perkin Elmer(USA)#|%<S-, western
blotting®ll AF&= & Alekd Ao Tz A 7F Ak Bio-Rad(CA, USA)AF Al&<, Total
RNA extraction® Pure Link RNA mini kit(Invitrogen, USA)A|¥#<S, cDNA 3HAl2
RevertAid First Strand ¢cDNA Synthesis kit(Fermentas, Germany)#]3# <2, Real time
RT-PCR-& SYBR gPCR premix(Finnzyme, Philipin)& AF&3+912. 1, oligonucleotide &+

)& Bioneer (Bioneer, Korea)#|#& A}-&3Ft}.

1.3 717]

Mulberroside A®}  oxyresveratrol®] AR 2o A& 3
Electron(USA)AFe] HPLC LCQ Advantage MAX
=243 enzyme Kkinetic assay°olA AF£3% UV-Vis spectrophotometeri= Cecil
Instrument(ENGLAND)AFS] CE 9020 AF-& 3k 3ot
T3k, MALDI(Matrix-Assisted Laser Desorption Ionization)-Mass+ A&t F
A 3} 855 7] 7] ol A B3kl Q¥ Applied Biosystems — Inc.(USA)9
Voyager-DE STR Biospectrometry Workstations AF4312m, 'H NMR9} C-NMR
2 FFugu FEAHAEHAA Ef{sa 9= Varian Inc.(USA)S]  Varian
400-MR(500 MHz)& AM&stth. d4l&21 7= Gyrol730 MR(Gyrogen, Korea), @t

A2 microplate reader SpectraMax 430PC(Molecular device, USA), electrophoresis

7171  Thermo

i
M
>
oo
ol
2
o
B=AE

, tyrosinase #] 3 &4

I\

power supply®} 32} F%7]= MJ mini thermal cycler, image analysist ChemiDoc
(Bio-Rad, CA, USA), & 347]= MP fastprep(MP, USA), UV ZA}i= UV irradiation
chamber(THREE-SHINE, Korea) ¥ UVB lamp (SANIKYO, Japan), melanin *|4 %2 3%
HEZ] 5= 9] =742 Mexameter(R600, Germany)E, RNA =S UV/visible
spectrophotometer(Nanometer ND 1000, USA)E A}-83}
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B A5 AbgH oF 350g9] female brown guinea pigi= dF4 Hlo] (¥,

A71&)ol M & F ol Aol ARS8t

Mulberroside A%} oxyresveratrol®] A= #2412 HPLC (LCQ Advantage MA

X, Thermo Electron, USA)Z T3 E At} ol B2 B A&%¥ HPLC =1L t
&3 Ztr (#%7] PDA detector, A% W& 325 nm, 4 Z% Luna 5u Ciz(2) 100A
(5 um, 46 mm x 250 mm, Phenomenex®), A% F4# 10 pl, +% 1.0 m/min, A7 &

uf| CH:CN : 10 mM H3POs = 35 : 65).
2.2. Mulberroside A%} oxyresveratrol® TLC ¥4

TLC #4d &= HPTLC Silica gel 60 Fay (25 glass plates 10 x 10 cm, Merck) & A}
g3t A/l &vwl= chloroform @ methanol = 25 @ 15 Al&3ilen, UV =

anisaldehyde Ao = 918} ¢ T},

2.3. Mulberroside A%} oxyresveratrol® A% 2 72 4
AEHAE & By AAFE oxyresveratrol®] #AF#F Qe 3kl o] Hewlett Packard
LC-MassE AF&sF . T &2k Fx9 o= ddustu 35 njdlEo] B3}
i 9% Varian 400-MR (500 MHz, Varian Inc, USA)E A}g3}e 'H-NMRZ
YC-NMR< &) &ttt

2.4 Tyrosinase A A& A3

= ==

FZ5E9] tyrosinase A3MEAE Tomita (4) 5 W3] &3 o] =A3Ig}.

Tyrosinase™ L-tyrosines L-DOPA=Z Z%13}3}+= monophenolase®€ % L-DOPAZHH
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dopaquinones A4 3+ diphenolase®A S 53] melanin §4S FEstt). wepa 2 A
T2 tyrosinase@A A3l A3 el 7%= monophenolase 2 diphenolase@Xd # 3afol tf
3 AES Wagstgr G40ES 93 96 well plates AbEdtG o WS- 7 well
o] 0.1 M phosphate buffer (pH 6.8) 150 xf, 2 mM L-tyrosine (2= L-DOPA) 30 uf,
DMSO (dimethylsulfoxide)ell =91 Al& 10 @, =F5 100 wle] WHSAS wHE 5
mushroom tyrosinase (2,000 U/ml) 10 & #7}sle] 25Cel A 107+

% Microplate reader (Spectramax 340pc, Molecular Devices)S ©]-&3to] 470 nmol A
FrE S48 dxwo2E AlRdld DMSO 10 fE Argstlon, HuEd=
kojic acid ¥ arbutine AF&3F3 Tl ®3F tyrosinase W4l 0.1 M phosphate buffer (pH
6.8) 10 ptE 7Fate] blank® sttt olwfe] &4 &4 A& (%) ofefeh o] AL
shal, 40 A4S 50% Adfists wRE WAPHoR Tsto] ofF ICh #o® YEh
At

oo}

Tyrosinase &4 A& (%) = {[(A-B)-(C-D)I/(A-B)} x 100
A, OD at 470 nm without the test substance but with tyrosinase
B, OD at 470 nm without the test substance and without tyrosinase

C, OD at 470 nm with the test substance and with tyrosinase

D, OD at 470 nm with the test substance but without tyrosinase

2.5 Mushroom tyrosinase &4 A JA 7] %

Enzyme kinetic assay:™ 7]¥% © & tyrosinase As&A =AM Hy FA3 =4 3o
A FBEAY. & L-tyrosine (5= L-DOPA)9 %= 727 0, 0.0 2

mM=Z W3IAA Zhzhe]l Ao A 83} Th Mulberroside A2l 49+ 7H7)

100 pM 2 W3lA A A 83890 21, oxyresveratrol® A%+ 0, 0.1, 0

AA HE3FA T 25Tl A 103F vHEA1 2

5 470 nmolA EFE=E =AY =A
A= Lineweaver-Burk plots ©]-8-3to] #4513tk

2.6 Streptomyces bikiniensisZE o] €% Wad AAH JdAZFH A

Tyrosinase A& &4 3} vz 7k 2 Tomita [62] 59 WHS W] v o] 2
gt Webd AT Streptomyces bikiniensis KCTC 9172+ KCTC (Korean
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Collection for Type Cultures, Daejeon, Korea)Z2H-H ZH3IATE 2 = -70TCA
sARASL 271& ISP No. 7 medium (Difco)ol] EZ3dto] 28Tl Al 4817t w43k
t}. V-8 juice (Campbell Soup Company, USA) 200 ml, glucose 2 g, yeast extract 2 g
(Difco), CaCO3 1 g, agar 20 g= <7< 800 mlol &3|A|A A|Z3F Papavizas’ VDYA
agarol S. bikiniensisE Athste] 28ToA 253 sttt 3] A7 A A
U EHF 2 mlo HE3 328 IS HEA]7]a, Bacto-yeast extract (Difco)Z
0.2% 323%3F= ISP No. 7 mediumd] 0.1 mlE =E3te] HjA o] FFA1ZITh v A 2o
A3 w2 Alm £ 20 pl& 8 mm paper disc (ADVANTEC, Toyo Roshi kasha,
Ltd, JAPAN)ell &5A121 5 iAo Tl 2L, 28TolA 48413t wjFatgiet. o
Alge] %% 20 pl Wel 100 pg, 500 ng, 1,000 pgol %= 3% al, control DMSO
S AFE ST Wik 3 YElYs= inhibition zone®] =7]+ vernier calipers (Digimatic

caliper 500-182, Mitutoyo Corporation, JAPAN)E A}-&3}o] =331t}

27 3y FEE9 Ax

718 o w e Ay FEES A SHA(SP 207, DIAION) 3LE AH&ste]
420 ml/min &2 EIA|A F2AIZ

2 3}7] 13 Methanol 6L&

80gS AAUT.

2.7.3 Mulberroside A ¢ £ AHA

MPLC(FLASH 40M, Biotage) % Silica 5=*|(Silicagel si 60, WATCHERS)100g & ©]-& 3}
o] 47 HRe® &2 Powder 3g= gl 83kl o #}&kal loding $Htt. Loading 3%
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o]-& 2 (Chloroform : Methanol = 2.5 : 1)= AF&3}9] 10ml/min. 2 2] 3Fth. TLCEI(
Chloroform 2.5 : Methanol 1, UV¥ Anisaldehyde 24Fl) & #26 ~ #35 ¥ 8S FH3stx
=5, Azx3te] 0.18¢2] Mulberroside AS At}

2.8 #HIdd AWAHAAEE o] 8&3 AMEUW tyrosinase A A3 %L melanin
A A

281 MXE g Ak

B16F10 (CRL 6323)> # 2] melanoma MEXF2Z A -&tgal =M LT3 o)A <]
39t Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine serum (FBS),
antibiotics (100 U/ml penicillin and 100 pg/ml streptomycin)© Gibco BRL (NY,
USA) A 43Tt Synthetic melanin, arbutin, resveratrol, a-melanocyte
stimulating hormone (MSH), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT), DMSO (dimethyl sulfoxide)= Sigma Chemical Co. (St. Louis, USA)
AN ko] ARt

2.8.2 AME¥| ¥

B16F10 A3+ 10% fetal bovine serum, 50 U/ml penicillin-50 pg/ml streptomycing St
3 Dulbecco’s modified Eagle’s medium (DMEM) vj %ol H % & 37C, 5% CO, v % 7]
o Al wj gt AT EE AHE 5 passaged] AEE o] &3t FaASIATE RS A9
sk Alm Aol = 100 nM a-melanocyte stimulating hormone (MSH)E % 7}sbo] v &
skt

283 MEEAANF

3-(4,5-dimethythiazol-2-yl)-2-5-diphenytetrazolium bromide (MTT) A
Mosmann([67]¢] W& Waste] A8 AT} B16 melanoma Al EE 1x10° cells/well &
2 24 well plated] 53 A X ARE A st 48A13F &k wigstAth vl S
aspirationdte] A Ag & MTT €4 (1 mg/m)<S H7bstar 37C, 3A 7+ ¥ &2tk 10%
SDS (in IN HCDI68]E #H7FsH ¥ 540 nmell A 535 SASIAT A8 vA e A
L& control® ste] Al A ] Al AEES ALt

H
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2.8.4 M EY tyrosinase@i =7

M EY tyrosinase &4 A WLS Wu et al
BI6/F10A Z5 2x10" cells/well 2 5% &
SRR AESG] UEUA &2 w5 e HellA 37k
o YAYPETLOZ arbutine 50 tM<

stimulating hormone (MSH)E #7}sto] wj kst 3U 1t vl + trypsinA 2l st A=
£ 3000 rpm/minell Al 10&7F LA a8t =3 £ ice-cold BB A HT (PBS)E F+ W
MAsEA T A M EZ 1% triton X-100 2 0.1 mM PMSF (in PBS)E % 7}slo] 30
FAXEE S3AZ] F 47T, 10,000 x goll A 258 YA EElst] AR E a4 SAH
/‘Pﬁf?} Aok HhEe PBSe e Al2FE S (30 pg)ell 0.05% L-DOPA7F 3 7He
S-S 37Coll A 1AIZF Fot viekstiaA v 102 % 405 nmollA &3 =S A5
H]E—r%%lﬂg] G g2 bovine serum albumin (BSA)S X FE 42 319 Bio-Rad

protein assayH = AF-&3}%1
285 AEZY HAzd JF

Wakd AEe Tsuboi [66] 5o WS Wyste] ARgstdth wiEH Al (60 mm)ol
B16/F104 £ 5 2x10" cells/wellZ A XS EFa}3 24X 2F s Fatgich 2441 7F v eF 5 A
S A EEAo] JEA e % HY YoA VA 2 e N85S HEsty
ow FHUHELOE arbuting 50 uM= AHE&SEIHh 2t ARl 100 nM a-melanocyte
stimulating hormone (MSH)ES % 7}3lo] uj %3} 347 vl 3 trypsin® @] ko] A E
= 3000 rpm/minoﬂf\i 1057 994 Basle] 443 & PBSZ F W A Zsa. 3
AEZ A2A7 F 10% DMSOE 843 IN NaOH 250402 #718ke] 80CAA 1417+ &
A7 B 16000 x goll A 308 QLA Resle] AZolS F4dth Aol 2o wWad &
2 405 nmell Al OD405 #t<= =
HE 7} welldl A AdE Aty S ks
=

Feoll e dod TR 7] ge] A

)

52
r“~

A

[\)

¢

28,6 #A=® TAA

RE AdAdE HE+rZFAXE Z7|89 1, EAA 8= SigmaStat 35 (Jandel

Scientific, San Rafael, CA. USA)E ©o]&3tAtt. FA4 2442 one-way analysis of

_43_



variance (ANOVA)2} Duncan’s multiple range tests® 3} 2™ p gko] 0.05 1w wf =

Adow foscha wastart

29 UV &5 dig A4

Aol d e dF =gt 2o v Fo T dE dAe] Fadloly vRes fishs 9l

omE delA vk Wb AH ARENE molt BAL ul EFA 7)5A
FEARE 088 4 vk wehd B ATeH UV-A (400320 nm) % UV-B
bl ot

off

(320-280 nm) AHEHE A

Table 5. UV-A 2 UV-BY =23 #dd {3

UV-A 400nm-320nm aging, wrinkle, weak carcinogenic

UvV-B 320nm-280nm erythema, burns, skin cancer

29.1 UV &8 =4

DMSOo°l &€3al¥ 25 mM2] A& 3uE 14702 methanolel] €3AA FHFFE7F 50 uM
o] ¥E&E A% 5 250-500 nm HE WA JASCO V-630 spectrophotometerE ©]-8-3}
o] FHEE =439t Resveratrol®] Ao+ 50 uM F=oA S3F=7F Hi SHAE

ZHetg oz 25 tME 243t A5

i)
oL,
|\
o
11
o

Kl

et

o o

DN
—
o
‘:o{t
B~
)
o
ox
oX

2.10.1 AH&TF 2 HiA

Hoodqto] Ab8-¥ #FE Gram negative bacteriall Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853, 18] 31 Gram positive bacteria?l Staphylococcus
aureus ATCC 25923, Methicillin-resistant Staphylococcus aureus (IMRSA) ATCC 33592,
Enterococcus frecalis ATCC 29212, Vancomycin-resistant Enterococcus fiecalis (VRE)
ATCC 990428, Propionibacterium acnes ATCC 6919 2 3t jAd iFF-S&af o A Hofuko
clindamycin WA 1 5¢1 Propionibacterium acnes CCARM 9010 AF-&3tth 2+ 5+

=

3t ardE =AS Y8 Candida albican ATCC 90028% AM&3tth. P, acnestt
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GAM broth (Nissui, Tokyo, Japan)& A}-&3Fe] 37Coll A anaerobic gas generating pouch
(GasPak EZ; Becton, Dickinson and Company, Sparks, MD, USA) ol 43A] 7t v F3l &
A Aol AbEsE o, 1 99 #5523 Muller-Hinton broth (Difco, USA)ol 37T

ol A 18-24413F viF 5 Fvtd Aol A&

2.10.2 Minimum Inhibitory Concentration (MIC) &3

Mulberroside A, oxyresveratrol, retinol (Sigma) % rhapontigenin®] MICZ4S 938l

CLSI (Clinical and Laboratory Standards Institute)®] microbroth dilution methodE ©]
23ttt 96 well plate?] ZF wellel SAEZ 3AA A8 (05 pg/ml - 2048 pg/mh=E
gH3k w200 ploll AFFFE 100 cfu/mle] FE2 HEFSL 37CAA P. acnes 5

=& A8AF g a1 9 #FES 18-24A1F Wi F 600 nmelld FEEE

|

ok 5542 AES 33] vbEste] MICE 2435k
2.11 &4t A9
2.11.1 DPPH assay

| 3= Aitst AEo] Hold Ao® HiHI glow ASAE
AFgo] Hol W Aow delx dvk wmebA 2 Al A e A o
FEE 3 AE<Q mulberroside A, oxyresveratrol-3-O-glucoside % oxyresveratrol 9]
gatsteE S SAstdoh ks 249 b 2 5AAA 1AL AR HdYZ (free
st Aol o] 7ZhE ol gdte] A4t Aol kil AZE= =49
Frrstss S8 dAkst EHE A g dAaE Folste] ols dAHo® <F
goA mbEel AR EhZe]l ZHAA Sl= S54S #2274 "d. DPPH
(2,2-diphenyl-1-picrylhydrazyl)s= $}st# ez <tAste 84 Ztozoly wet
= =itk o] HuZE &3 5 fFrIEeA bAskH, kst &do] e =
Iy A gpr o] AdEo] ko WEth e tha Ay
He 4SS A A oo 7 =
spectrophotometer® 7438t b Hom Ago] ditsl 58S AT
dikslss SA4staA = &2 mulberroside A, oxyresveratrol-3-O-glucoside,

oxyresveratrolo]™ &2 1,5 10 yM%Z DMSO9] =] A&3l3 DPPHE 1 mM 5%

Ao
1=
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2 ethanoldll Fo] whEo] WYokiol| H st stockoZ 3tHA o]& A3 e 100 uyM
FTLERE g)Alste] A&kt 96-well plateoﬂ 1, 5 10 uyM¢] A% 100 pl& 53k}
Y dxzwor Fitstsol dvkal & B2l ascorbic acids AE i THFol
5o Y sEE AR ks =4S ﬂﬂfs}?‘] F e A7l AAAE AR

8019l DMSOSH 7% 100 ul%— 253 o7l 100 uM DPPHE 100 w2 tjs}a
A3t ol 37TColA 2027 HAg $ 517 nmelA F3=E S

2

e nEdEgn sEAREA939 srHEsdM s KUIACUC-2010-130)&
353 o A wet AT e 23552 Institute of Laboratory Animal
Resources®] “Guide for the Care and Use of Laboratory Animal” (1996, USA)el| <3}

of FFetArh. APERe FIRe F bR FRAPYAR &4 1797 462 AA

il

TE AP $4L 2241°C, FE 50+5%, BT 124104 ks fA sk, A
A 717F 9t A& (vitamin C deficient Guinea Pig Diet, TestDiet, USA)$} A4H =
< ZAHrE A Fwst o Brown guinea pig® & H-91E animal clipper(A-plus, Korea)
& ol&ste] 95 #a, #7IWE7] (Panasonic, Japan)® 7§%o] WXt UVB ZA
95 2cme] AAMAPRGS 5E 2, 424 578 AES o] &3te] A sEA ¢
g F AEF 22 AFsAdh (2" 22). UVBRAF S9F AAR-9o 224 A48

el wA oA EeteE nAHES AAEte] guinea pig7t wAolA EIEE 1A F
UVE 2Abske eaks Hastsitt (1" 23a). UVB i*}—‘& THREE-SHINE (Korea)
o /] & A2tgk UVB irradiation chamberg ©|-83to] A =oloA dAg A HE<t
UVE ZAF8t} 302nme] UVBE WEsh= 1amp(SANIKYO Japan)E AME3FSaL, 1
3] 450mJ/cm”® F#Fo 2 3U3F AL o® dto] F 1350mJ/cm® ZAMEF T (1E 23b). 1
3] Guinea pig®] UVBZAI# minimum effective dose(MED)+ 200~300m]0]l3_§y oF F
HI (2MED) 7} o] ZAFS ARSI T UVB ZARe] o3& fare A3 Ayt wjiE
A& EFste A 4442 UVB A 5 b5 95 Adda2 242 1%, 2%, 5%9
Mulberroside A, Oxyresveratrol, Oxyresveratrol-3%, YAz 1%, 2%, 5%
Arbuting A& T §uidETS AIFEHES Fo] AFE3 §wl[propylene glycol:
ethanol (9:D]E =¥&gich "MEd =¥ w3 10ul  (1%-0.025mg/cm’/d,
296-0.05mg/cm’/d, 5%-0.125mg/cm”/d)# 19 18], 551 EXa %t (71).
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Fig. 22. UV ZA} 59 XA
(a)

(b)

Fig. 23. 4@ 524 UV ZAMA
() 4T 2AE S8 AATE] AAE A4S 2Y

(b) UV ZA}ol] o]&3F UVB irradiation chamber
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2122 89 3y £

h=]
) Addk weEtAd FyTks A2 HEE EEste] Ao A}
NaBr (in PBS)el 4T, 2A]7+&<t incubationdte] ¥ 2HE #3]
(72).

A 717124

-
)
ol
r]I.
N
4
A
ol
filo

2.12.3 Wz d XA

g o] Weld X4 (melanin index)} EHF A= (erythema index)™ Mexameter (MPA
5 CK, Germany) (18 24)& AF&3te] v 54 WhHoz MAHA HslE SA3 T
(73, 74). Mexameteri= YF-MZzEMo] 717 AHstal Walda Ao HSsls AR

g2 3Fe A4S 2 29 16707 902 MAE A4 probed SHOE di =

1t

A 7] ¥ (narrow-band reflectance spectrophotometric measurement)S AF-83+t}. Guinea

pig I1%e Aiw 2ol probeE HAHAZ F 33 B ZAse] BAFE Tl A

=
15 AE 2 Fwe] ANES Andew W, BASG (75, 9%

&3 FRS IR P EY
AxE= gAEg 7hv ek (FinePix F450, Japan)® &< slo] nv] w s}t

Fig. 24. Mexameter
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2124 JEZzZ 9 =ATH #F

&

AFE M Fz24S Ao 10% T4 2T g 2427 143 5 wiebdo] X
ekt ZujE 22 S 5 mMFARE sectiondt ¥ ARMAQl I F A #Esy] 918t
o] Hematoxylin-Eosin (H&E) 94 & stgon, Aepd Ao AdHstsE #E3t7] 9
& Fontana-Masson's silver (F-M) 9M< $=3 sttt (76, 77).

2.12.5 Tyrosinase &4 &3

2M NaBr& o]&ste] I=id #9s &£ F, 22 F9x42 248§
homogenization tube Matrix D (PM, USA)o] ¥ i 1 mL9 lysis buffer (0.1 mM
phenylmethanesulfonyl fluoride(PMSF)”7} *¥3%t¥ 1% Triton X-1000& 713 3
Fastprep (MP, USA) (19 25)% °]&3te] w43}t atqirt 4°CellA 1,000 xg = 5%t
AAEs FsdE 5 T S AS tyrosinase B S0 AFESEA T @A
A2 Protein assay kit (Bio-Rad)E& ©]83}% BradfordH o=z =733}t Bovine
serum albuming ©]-&3}o] standard curveE #Adstal o] & o] &3ste] 7} Alme @l
¥S SASAY. Tyrosinase &84S A5 g vb&d2 @A 30 ugs 5 mM
L-DOPA”} ¥3%4¥ phosphate buffered saline (PBS)oll Y1, & %37} 02 mL7} S %=
gto] A ZFsFAT. &4 HESo] 23 Dopachrome & A2 microplate reader SpectraMax
430PC(Molecular device, USA)ZE 37°ColA 10% 7+A o2 1A17HE<E 475nmol A &3 =

o) Wl A ATHT).

_49_



Fig. 25. 7o 27y @94 3J+& A% =34 348§ 7|7 (Fastprep)

2.12.6 Melanin A ZF<e &4

Melanin Ad ZF9] 44 2182 =
oA 80°Coll Al 1A17F &<t A7k = 16,000 xg oA 303t YA &8 3] }E]'%‘o—v%
ﬂ—rO}Oi =4 AF&3FS T} Synthetic melanin (Sigma)S ©] 8314 standard curve&
24 gk & o] & o]§ate]l AlEA el the melanin G FS ALsEATE (72).

Melanin A4 %] 23} 7S pg melanin/ug protein®. 2 AlAkste] W] a3} o},

2.12.7 Real-Time quantitative Reverse transcriptase—-polymerase chain

reaction (Real-Time RT-PCR)

2M NaBr solution®l] F#& 4
Gt 3k xylo] dAHFEES Trizol?d} Pure Link RNA mini kit(Invitrogen, USA)S
Alg3le] RNAES #83Fdth #83 RNAES UV/visible spectrophotometer (Nanodrop
ND 1000, USA)= A #F3 & lugel RNAES RevertAid First Strand ¢cDNA Synthesis
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kit(Fermentas, Germany)E AF&3}o] oligo dT primer, 5x reaction buffer, RNase
inhibitor, 10 mM dNTP, M-MulLV reverse transcriptase, DEPC (diethylene
polycarbonate)”} A g]® &3 &35l FHE HI7F 20 ul7b FA 3 F cDNAES 34
stth. RT-PCR 712 25°Cell A 5, 42°Col Al & Al wh-g-atlth. 4 ¢ ¢DNA 10
ugS AFgE3te] PCRS 433 %lt}h. Tyrosinase primer (476bp)e] <71 <E-& forward;
(5') - GGC CAG CTT TCA GGC AGA GGT - (3)% reverse; (5') - TGG TGC
TTC ATG GGC AAA ATC - (3'), TRP-1 primer(246bp)2] <714 <E& forward; (5')
- GCT GCA GGA GCC TTC TTT CTC - (3")3} reverse; (5') - AAG ACG CTG
CAC TGC TGG TCT - (3'), TRP-2 primer(1,043bp)9] 71 &2 forward;, (5') -
GGA TGA CCG TGA GCA ATG GCC - (3)# reverse; (5') - CGG TTG TGA CCA
ATG GGT GCC - (38'), MITF primer(330bp)2] 4714 &2 forward; (5) - CAG AGG
CAC CAG GTA AAG CA - (3)% reverse; (5') - GGA TCC ATC AAG CCC AAA
AT - (3'), Actin primer (350bp)¢] @714 g2 forward; (5') -TGG AAT CCT GTG
GCA TCC ATG AAA C - (3% reverse; (5') - TAA AAC GCA GCT CAG TAA
CAG TCC G - (39)°1tH7R). Z+7re] forward 1 ul (10pmole)®} reverse 1 ul (10pmole)
£ SYBR gPCR premix(Finnzyme, Philipin)®} mixtureE %59 Real-time thermal
cycler (Bio-rad, USA)E A}83}9] real-time PCR w45 438ttt DNA % %71&
95°Col Al 15+ preheating 3+ 5, 95°Coll A 20%, 56°Col A 20%, 72°Col A 40%3F HE-&-
403] WrESHITH mRNA A& 4 2708 AFESE actin® RS 7ITo®
FAB] TS A3k, actin® T 2 YA FAHs 4 sk F3122] mRNA
1

TS Ao Adtsit

ofN o

O_u

2.12.8. Western blot

g

Ay
Olr

Tyrosinase % tyrosinase-related proteins® &S 171 98] Western blotg 2 A|
3l th. Soluble proteing WM EZ=ZRE 183 Guinea pig LTI ZHE Eglsdlo] A&
39t ImMEDTA 1mMPMSE,ImM Pepstatin A, 1 mM Leupeptin, and 0.1 mM

Aprotinin®] &% protein extraction solution (PRO-PREP™

JIntron,Korea) & ©]-&3&}]
soluble proteine F%3}al 10,000 g, 4TollAl 30+ Aiglete] Aeds s

Soluble proteins (20 pg) = 10% sodium dodecyl sulfate polyacrylamide gelS ©]-83}¢]
sk

o

A7l Est FEd @ AS polyvinylidene fluoride (PVDFE) membrane®l] blotting

% 5% non-fat skim milk in phosphate-buffered saline/Tween 20 buffer (PBS-T)E o]
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&3to] 4TeolA 3F&% blockings A A|eA T Membranes PBS-TZ 33| FAlstal
primary antibodiesE # 2] & HAIZF A oA WY A A2 += Tyrosinase,
TRP-1, TRP-2, acting #=3}l7] $138] Santa Cruz Biotechnology (Santa Cruz, CA,
USA)ZFE Y3 rabbit polyclonal anti-tyrosinase antibody (dilution 1:1,000), rabbit
polyclonal anti-TRP-1 antibody (dilution 1:1,000), rabbit polyclonal anti TRP-2
antibody (dilution 1:500)& Z+Z A}&31%th. MembranesS PSB-TZ 33 4 %
secondary antibody (horseradish peroxidase-conjugated anti-rabbit IgG antibody at a

1:5,000 dilution from Santa Cruz Biotechnology)E 1A17F A2o|A Hkg A71 %

[UO

enhanced chemiluminescence (ECL) reagent (Perkin Elmer, USA)S ©o]&3lo] whulz

A=A

2.13. Oxyresveratrol®] SHAHA A

2131 ¢ARAAR 43 A=

Oxyresveratrol< ARALo A A xg AW (QMs)FEE5S Sa98sto] GAs &2
AHgEAT. F, M) Tk 70%0 B

oAk FEs] g oS U F5

(@)}
-
i
>
o
oo
ol
ol
e
0%
rlo
o
Q1
2
2
Do
>~
>,
tot o

—

* o] powder 150g—% ATt A2 powder
& =l &3lte] Pextinex AFPL-4& AF&3ste] i3] & H, F4F 24 SP 207 A}
L3te] AA kAT A w=35Fe] 42 oxyresveratrol $F#Eo] oF 30% o, o] = silica

i)

HAA S Eato] 95%0]42] oxyresveratrolS ¢St}

2.13.2 <AAFAZ ARl A&E 7T

ot Ao ALE3 <FH|olE = JISICOMA 43 J-IB1S AFE3 3L, rotary
evapotator= EYELAAF] SB-100029-S AF&3st9th. HPLC #4771+ 9#7]7]9

SP930D pump$} UV730D detector= AF-&3th. HPLC 4 =12 v 2

4 © 310nm, Z ¥ : Phenomenex Luna 5uM C18 (SIZE 250x4.60mm),
4= &) ¢ Acetonitril(35) + H3PO4(10mM, 65), Flow rate : 1ml/min,

Analysis time : 10min, Injection Volume: 20ul
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2133 AA=E AY AE A|x 49
2.13.3.1 pHY W= A E A

OxyresveratrolS 30% dimethylsulfoxide(DMSO)ol A& 0.5%7F = Al &3] 5, <14t
AAZT A 2AFSFT NS AMEete] pHEA & 77+ W Hof WA (10%), 243

(23728%), 40 A A #F 31T,
2.13.3.2 £ W AT AF

Oxyresveratrol= 2t &v] ethanol, 50% ethanol, dimethylsulfoxide, 50%
dimethylsulfoxide, 50% 1,3 buthylene glycolol] 05%7} =2 &3] 3 z}zto] "o Ho}
WA(10%), d-=2213(23728%), 4050 A HAA|#2 st

2.13.3.3 957} 2 AR Y

(1) Silica &2+ %Al
Oxyresveratrol 0.05g2 o €H2 3gol] &3] $ Teose silica 20gl A8l S2A]Z o,
o] F 40% oM Ax F BAIAES AT
(2) Hydrophobic B-cyclodextrin(HP-3-CD
Oxyresveratrol 0.3g®] &3 ¥ o] &2 10gS HP-B-CD 10g°] &3 5ol d= 240gol] &3
ako] Al z=skA T
(3) Nano capsule #| %23
Oxyresveratrol 0.2g¥} Poly caprolactone 0.4gS Acetone 40g°] &3] % H20 40gel A1 A
8] E3stdA 103 wHkskA Tt £3F & AcetoneW SR8Fe] Al x5

) EXJ Nt‘ﬂ

(4) Liposome A %23
Oxyresveratrol 0.5g, Lipoid S 75-3 0.3g, Alkolex-L oil 0.5g< ol €< 6gol &3 % H.0O
of MAs] FdstaA umrksto] 100ge Al %38

(5) Micro capsule #|Z2A (Y 32 H)
T AAL A EAEl & A GEol A BT = WH o R AlxzeATh ¢Hg Al PVA
05%AB1LE wHEsH A o 7]o] Alkolex-L oil 1.56g¥ Butylated hydroxytoluene(BHT)
04gS ol gt 3go] &afstly} Oxyresveratrol 2. 6g S Ethyl acetate 60gell &3l gkl

PMMA 48g-S Ethyl acetate 200gell &3lstS &3 & XA 3] H7lste] 2025 E4HA
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el 143 AAAA oA3gh 5 4050l g xske] F7 83t

AT 1 o5 9

21334 AFAz we 43

R

2o 3o A3 RE AIASLE 10%= 3ol Base creamell &3, A &3t}

2.14. Oxyresveratrol, Oxyresveratro-3- O-glucoside9 I #2344 =L 73}

4 AE
2141. A=

2.14.1.1 A

NetE FE=EZ5E mulberroside AS F8]3Fal Pectinex® A glsle] &4 A

}slo] aglycone?dl Oxyresveratrol (OXY),

g

H

oxyresveratrol-3- O-glucoside(OXY-3) &

Az 3} a1 2 Al g AF-&-sFS T A XL O R s DNCB
(2,4-dinitrochlorobenzene)®} WA 7 &2 Freund's complete adjuvant(FCA)&

=]
1
SigmarHUSA) Al AFE3S

2.14.1.2 A+& 7]7]

5 2] AFEe rubEgl= Coban'™ 1583 (3M, USA), 7H2 A& o) Alg3 F
AF71% 0.3 mlL Ultra-Fine™II (BD, USA), #|MH B E 9|3 7 x]+= Tegaderm TM Film
(3M, USA)S Alg3atth BEALFo] AE3 23S Bedding (Wekntolo®l 3H=)S

ARE Feu ARG, #5289

a3

21413 48 &

of A& ¢F 420g9] White guinea pig: tefufo] S 8lo]| A 24nte] & FE-oFukgrt)

=

B A
|

i
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2142 A3 =94
21421 A8 TE AlS

°F 420g°] White guinea pige Yo $ HlZ2 FEATEAZ &A 174 4&& Al

Atk s& Ao 3PS 22+1°C, % 50+5%, 27]3 15Q/h %= 150~300Lux,
gk A

Guinea pig®] 5 %$= animal clipper (A-plus, Korea)ZS ©
7](Panasonic, Japan)Z 7§ %o] A|R3FATE 2 Ao &
TEAY ATEEHAHEI Y 52 (F0H T KUIACUC-2011-146) 3}01] T =] o).

r{n oo
_OL
2
i)
1
N
K
=
)
(4
[y

Fig. 26. Breeding facilities and feed. Normal diet of rodent, fat 12%,
carbohydrate 63%, protein 25% are composed(a), autoclaved woodshaving

bedding(b), polycarbonated cage and water bottle(c).

2.14.2.2 BB A= AY

o

rlo

White guinea pigE AHE3%F A= A9

A& A A 244 7F Aol clipperet A 7|HE
715 ol &sto] ARSH L, AR g HFAFS sk

Fct A

tlo ©
ol

=

et @ Fo AP

o5

8
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2
o
il
of\

sk 3vl2] 9] White guinea pigE °©]&3to] T A M9 F+8(2cm x 2cm)=
102 9% v Zy IF 449 SEF F 7 PIAE leme] HES T
Al

=
FEH N9 F QEE NIE FA) v S ol gl M WFoR 24

ofjl N
m F
- g
ol
ol

ox, P

o

A Y= EA4EA o JrF WA g5 AR #FadE WA (Fig. 27).
T (ethanol:propyleneglycol (1:9), v/v)), 1% OXY, 5% OXY, 1% OXY-3
ethanol:propyleneglycol (1:9), v/v)ol =o] Z}7} %3} Q2% 3o 05 mLY =
xS AlY 9 AAE 37 A= da, gEEdE A8 v 3M FolH o
2 73R & AAE =94 v JPEAE7bA] A sl Ad 2E =X 24

k=l
T VA

A F AzE AR ARl 9IS 0AA RS AR APRAE veFR /)2
of Molulgeh. AWt F v oF 1A6] E¥s, g BAFAt AY B3
¥ R9E AT F 4~543 2440 % 2N Tl dehd 95 0 oo 5

X

- =
o] ZAAAE7IE" Aol “IFEATHES IR (Table 6)o mel vk 2 HFo o3
Al H7rste] M-S sk & 12 3 F A=A 5 (primary irritation index, P.LI) (Table

1 E o ok b 2006, Al 1999-61%).

Jut

-
il
£
e
ol
o
s
>
4
ox
o
o,
N
=
o
38
o
e
!
1>

Fig. 27. Normal (left) and abraded (right)

areas for topical application of the

samples for skin irritation test. From the

top, the boxes indicate the areas for

ethanol:propyleneglycol (1:9, v/v), 1%

OXY, 5% OXY, and 1% OXY-3

application, respectively.
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Table 6. Score of skin irritation

5 w9 el MAH S99 ge)

skin reaction (I]4-%+-g-) Score
Erythema and eschar formation (&%¥Herythma) % 7}3](scab))
No erythma (Z-Hto] 3] §l< 0
Very slight erythema (barely perceptible) 1
(C}F 7AMe U Ko AL AW 4w
Well-defined erythema (&% 3F 3-4}) 2
Moderate to severe erythema (F7F 43%F 3uh) 3
Severe erythema (beet redness) to slight eschar formation
(injuries in depth) 4
(18 FW - YT 04w Arel 7))
Edema (¥-%)
No edema (F&°] 3 gl&) 0
Very slight edema (barely perceptible) 1
(}F 7AMe BE - FAom AL A 7bE)
Slight edema (edge of area well defined by definite raising)
Ol $E - Fes] Folgetd WMAYst By pAs | 2
= 49
Moderate edema (raised approximately 1mm) 3
(REe] ¥F - o Imm A% Fo]2Re 49
Severe edema (raised more than 1lmm and extending beyond
the area of exposure) (A3 FF - Immol HFoj=23 = 4

Table 7. Primary irritation index (P.I.I) according to Draize method

Classification (Z}=¢] &/ P.II

Practically non-irritation (B]A}=43) 0.0 ~ 05
Slight irritation (2FAF=543) 06 ~ 2.0
Moderate irritation (55 % 2=7) 21 ~ 50
Severe irritation (%FA=43) 51 ~ 80
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21423 % A4 49

Guinea pigE o &3 JF A Aol A= ISO Al AHel F=38ko] white guinea pigE
A3 TE White guinea pigE AHE3Fe] 1709 ouba| S Ao o]&3tdtt. 24 o
Zae AYAEdFE FAHERTES 0.1% 1-chloro-24-nitrobenzene (DNCB)E, A3 =
AL 1% OXY, 5% OXY, 1% OXY-3& At&stdewn, 74 2 =2+ Freund's
complete adjuvantE AF&SI T 23 A2 A guinea pigel T FA7F WA FEE
dem x 6cme] 7|2 clipperet W7IWE7]E o] &dto] ARSI, AE] ok I Hz2}
== ¢+Ast 3 $o Fig. 28% #Zo] Alg &4 A8t

2

Forward

Fia. 28. Induction of skin sensitization and
skin reaction in guinea pig. (1),
intradermal injection of 0.1mL saline and
Freund’s complete adjuvant emulsion
(1:1); (2.intradermal injection of 0.1mL
test sample; (3, intradermal injection of
0.1mL sample and Freund's complete

Challenge adjuvant emulsion (1:1).
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2.1423.1. 2 1 (I HF )

12} 4 wES Yall, #A|23 guinea pig? AHIE 35 (2cm X 4cm)ol| Fig. 283 %
1 mLA IlFAE Skglek ST o= 0.256 mme] 3lgauge
100—15°Q e 74/\}-3}9}1:}, U FAE A5 ST
= =5y, Fddixael DNCBE
HE o] Aawsts P_Oﬂu} 1% OXY$} 5% OXY Fo -9
ol A= opghel AzZbAstE B o o= AFEAY afgAZelr] wioltt (Fig. 29).
SHAIRE 2441 7k0] o] %-¢] Wshi= DNCB FARFSjol A ut whzka daprzh dojupr] Al 43
i, 79 yE A BeeAE FulFo R 8 A EE597 herekeks ¥ EgE W
s7F dojuA ek (Fig. 30).
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Fig. 29. Guinea pig dorsal skin changes right after intradermal injection with
saline (negative control, a), 0.1% DNCB (positive control, b), 1% OXY (c), 5%
OXY (d), and 1% OXY-3 (e)
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Fig. 30 Guinea pig dorsal skin changes 24 hr after intradermal injection with

saline (negative control, a), 0.1% DNCB (positive control, b), 1% OXY (c), 5%
OXY (d), and 1% OXY-3 (e)




214232 ZAN(F44E)

72 [ogrRE 79 F wg Ao dem x 6cme] A7 E A RS Abujio] A HEZA
S yFAF P B9 Yol A8 EZAS filter paper(2em x 4dem)oll AA Eolal 10 ¢
— )=

of ¥ X](patch, 4cm x 6cm)E o] 48A17F FoF HA H¥sdTh 4847 HEE 37

ol 2 flol o= WFuE JPEA 2ol HAF oA A FA vk (Fig. 31).

Fig. 31. Secondary sensitization on Guinea pig dorsal skin patch test.
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A E AAS F 257 F AASATE Guinea pig

o] 9% ZHYE 4em x dem WA O R
A RS 3 2cm x 2cm 9 filter paperel] Z4ZFe] AFEEAS AHAA HRE B T 2447
AAAAAT (Fig. 32). AS AAstar A5 H7F 3ARE Aol vF2 J5d &
b= Ald=AE 3ol HobWlth TE ob7] - 24x]7b3 484 bell v F-3h A NS o
7k (Table )l we} whg-& H7hshaL, ‘9}%01 Uetd JHAE I EETE Sk 2

g2 Tohx AR B

H
FS v= [(FE s=/dA s=) x

ol

Fig. 32. The animals were challenged topically 2 weeks after the induction. It
was performed on the left flank of all animals at a shaved 4cm? skin site to

which a 24hr occlusive ’'patch units’ were applied.
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Table 8. Score of sensitization

Erythma reaction state Edema formation Score

No reaction (F45+H2) No edema 0

Scattered mild redness

(Furol HER9olN oA ek Shight edema !
Moderate & diffuse redness Moderate edema 0
(o] 4839 A ebd)
Intense redness & swelling Severe ederma 5
(AA Aoz 73 T 2@ BEo] gy
Table 9. Rate and grade of sensitization
Rate (H4H&, %) Grade (5%) Classification (&)
078 I weak (W5~ <F&h)
9~ 28 I mild (3
29 T 64 il moderate (}:.-§)
65 ~ 80 I\ strong (&)
81 ~ 100 \Y% extreme (W5~ 7+&h)
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oAH] ZAME F3te] AWy FEEUY v f8 A4S mulberroside A, resveratrol,
oxyresveratrol, rhapontin, S rhapontigenin 5] stilbene A9 Edd AHOE o=
H o] stilbene Al¥ EZ2& A#FsE= HPLC 2P oz A4S &gt o] gF o=
To] 7Fs3F resveratrol, rhapontigenin < Abg&3se] HPLC #4& 3 Ay}
resveratrol< 6.99%, rhapontigenine 7.77%N 4 £&5A o™ 10-100 ug/mle % W

Aol A o5 Edd N AFAH =099 ol’h)s &N 5 AAH(Fig. 26). E=7 ]

02#

= 9_31]_1:' 17 =23 f‘s/\Hu_q iimgxﬂ_«o 5} o] & jv,]_/\ﬂujq
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T QbEoll A e (e Al)
tHFig. 27). B3t fFaAdF o= oy e= 2158 Y =29 =3 tyrosinase inhibition assay
ofo] IAINE AESIZ] flste] YAk Ay F=ZE0GH] g4)d] gk tyrosinase
inhibition assay A3k A3} <eHEA|¥E o] tyrosinase inhibition &4o] 7} $-53F ZAo=w
el th(Fig. 28). & A3 Ay}, 213t (Melberroside A F4&2

e
tyrosinase inhibition €4 % =A YeRY 2150 Eo] nwWAdR 7S g AATE Q)

)

il
N
(o]

oft

©

i

tlo

>

= 5 2=~ o S} 3 3L o =2 7] 2= o
thar A Ak g ogE A AE(98)S e WAE =2 e
Fak A AEE FuabRs ge WAl e HPLC R4 21%dle §EE3

L = -
olglil AlR Y= A oo thket Aol vt & Asth uwhEbA Aoz dsl
ST - - = = = == -] = =
A, we GEARe) Aolrl S GAT & Alev] o FH Az 234
Av3 - = i [e] [e}Ke) S 5 =
SUAE ek AEE e AR RS 2 deS g@90d ¢ AT wEbd B AT
A = oo = = = 2~z alo
M= AAEE oA Aikd d8E AREste] AFE el
RT: 0.00-14.98
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gty B A oA 2 AP A Fdstad A
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45, BESAIE 4413

d3kol 93k rhapontin® =5
o = 5554, pH
A gy FEEESE AAEY] WstE g A
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)
of ek HH rleals 91 54 e 230 AFES Ak HAHY &4 vg =
4

AAe e, =%, pH 3 "t

S Azt W2 A E(oxyresveratrol FAE )2 FS WL
HESAL 2xdd e 218 HWE 2 (mulberroside A FAE2)e] A28 AYES &
= Hlagk A3 65T7F 7HE A dEwod 849 2k wE EMHAESS et
of H# WkE 2EE 60TCE A% 6}‘i’j‘ﬂr(Flg 31). &gk HA pHAE A3, pH 45004 W
SAl AR=E] Fol 7MY w2 Aow yeuth(Fig. 32). 1Yy & AdS Fote] a4
W Z7lol= 219 SHERYH 28 W =2 E Aol AHES AT F sl

Zbol Aojxel wet 288w =do] #FastHA 458d =AW= B)ol A

Eiﬂ’% }‘] ==
AES A 4 AAHFig. 33). 28+ EZ (WA E A2 mulberroside AZF-E ol
st FalE Ao oiE 455 22 (KA E B)2 mulberroside AFEH QFo] 27] #+
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st A g A4AHE F AAE =242 AWa Y FA%E<Q mulberroside A9 aglycone®
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B |
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, Mass #4432 FH An =52 HEH= mulberroside A
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Fig. 37. A9 A9y 3% Z(Mulberroside A)¢ 'H-NMR spectrum.
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Fig. 38. 443 $9 A A E(oxyresveratrol)® 'H-NMR spectrum.
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Mass Spectrum at 2.01 min( [M-H] =243) ) ]
{ “EMS. 1.934 fo 2.223 min from Sample 6 (2nd_5ppm) of 090918 _Testwiff (Heated Nebuizer) Wiax. 2267 cﬂ
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Fig. 41. 24733 ¥ A A" & & (oxyresveratrol)® Mass spectrum.

13l mulberroside A

el Axriy AWy 2HE FAE2 mulberroside A7F FE5 S
| A+ AT (Fig. 42).

2ZRE 43 293 aglycone?l oxyresveratrolo] A FH S0

=

::.HOIHH

ioconversion

Mulberroside A(MW: 568)

HO

o &)
OH
HO
HO

Oxyresveratrol (MW: 244.24)

Fig. 42. Mulberroside AZH B oxyresveratrol2¢] A E A3

T .
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7. Oxyresveratrol ¥ H|XEF £9] tyrosinase A& vl A3}

Tyrosinase@4 A sE L-tyrosines 7|42 3t AR5 Frdz =AH)E A
oxyresveratrol®] 7d-$- mulberroside A°ll W3] &AL AN G 7} A FFEF o 1
WEAZ AFE3F kojic acid 2 arbutindll HIAE €53 53 gAGAAANEHRE B
Aot (Fig. 43). Mushroom tyrosinase®] &4 Aslads g4 o FAE 50% Har7]=
ICso#ts 7o 2 vas] B L-tyrosines 7] 2% 3 monophenolase 73 A9 %
& 2124 2] mulberroside Aell Hl&] A& HA3A 7] T AAE oxyresveratrolol] 2]

g A s 7F oF 1008 o] F7Fskth (Table 8). T3k wjwl g7} 2 Fo=2 d# A H
el a2 9y AbEH o] kojic acid®] &4 A A& B 4387} F71gE Ao
2 et Arbutin® 359 mjWle] =5& F= V|sASMEFES dEE AFEYSE
FA A A A AT =&t} Arbutin® oxyresveratrol®] ZA A &S Hlnls] HA
oxyresveratrol®] -5 15001 o]ie] &4 A& 3E EAY. L-DOPAE 7]H= A}
43+ diphenolase®4 A8l oxyresveratrol® 7% kojic acidell H]&l oF 33ujeo] Al A
g S7Fe B At Mulberroside A R arbutin®] 79 3000 uMeol]/del A %= diphenolase®
4 AlE KolA skt wEtd AWy FEEF Y mulberroside Aot 22 WiZAE

AEH 3] o&] FS A ATOEZMN tyrosinase AMBALS D53 F/HAZE F IS

P~

AR

& 4= At} Oxyresveratrol®] -9~ L-tyrosines L-DOPAZ H3tel= wAldA e &4 &4
S 25 pMY] e oA A9 100% 2AIE ®ut olyz} L-DOPAE dopaquinonel. & g
= SOl Y] a2 T JAlshs B3-S YRR

120 120 100

100 -
_ ~ 80
5 8- E H
bl b Z 60 A
e} 0 =1
= =1 ,.9
E 60 £ E
9 2 o
£ E 2 407
§ 40 é 'g
& E -

20 1 2 —o— Kojicacid 21

| —0— Oxyresveratrol O Mulberroside A —8— Arbutin
0e T T T T 0 T T T T T 0 : : T T T T
0 5 10 15 20 25 0 100 200 300 400 500 600 0 500 1000 1500 2000 2500 3000 3500
Inhibitor (uM) Inhibitor (uM) Inhibitor (M)

Fig. 43. Oxyresveratrol, Mulberroside A, kojic acid % arbutin®] tyrosinase

g A 4.
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Table 8. Inhibitory effects on mushroom tyrosinase by Mulberroside A,

oxyresveratrol, kojic acid, and arbutin

ICso (uM)
Compound
L-Tyrosine L-DOPA
Arbutin 736.5 -
Kojic acid 21.1 387.9
Mulberroside A 53.6 -
Oxyresveratrol 0.49 11.9

8. Mushroom tyrosinase &4 A YA 7|z A7

Tyrosinase inhibition mode®] Wgt A3 A3} oxyresveratrol® 7-F L-tyrosines 7]%
2 3 monophenolase?] 7% mixed-type inhibition (£33 A &) AFAS eI
L-DOPAE 718 2 A3t diphenolase®] noncompetitive inhibition (R]7Z A4 Aa))S H
Aot (Fig. 44 2 45). Mulberroside A2l 4%+ L-tyrosine == L-DOPAE 7]& = A}
43l A9 EF tyrosinase?] active siteol] 7] @3} AAH o Astste] a4 FAS A
del=  competitive inhibition (FAZA  A3)ES  HAY.  L-Tyrosines 7|E=
oxyresveratrols A A= A8t H-¢ A A A2 inhibition constant (A7)} 1734
#13¢] inhibition constant (A7") #2.= o] YeERHRITE (Table 9).

Table 9. K; values for the monophenolase and diphenolase activities of mushroom

tyrosinase in the presence of oxyresveratrol and mulberroside A.

Inhibitory agent Substrate Ki (uM) Mode of inhibition
1.093+0.052 (Ki)*

L-Tyrosine mixed”
Oxyresveratrol 0.52140.172 (Ki’)

L-DOPA 1.272+0.026 noncompetitive

L-Tyrosine 49.821+0.637 competitive
Mulberroside A

L-DOPA 124.764+1.771 competitive

* Ki= [EI[I/IEL, Ki' = [ESIII/[ESI], ® competitive-noncompetitive
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Fig. 44. Lineweaver—Burk

plots of mushroom tyrosinase and L-tyrosine (A) or

L-DOPA (B) with oxyresveratrol. The symbols represent without (@) and

with (O) 0.1 uM, (¥) 0.5

uM, and (A) 1.0 uM oxyresveratrol.
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Fig. 45. Lineweaver-Burk plots of mushroom tyrosinase and L-tyrosine (A) or
L-DOPA (B) with mulberroside A. The symbols represent without (@) and
with (O) 10 pM, (¥) 50 uM, and (A) 100 pM mulberroside A.
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9. Streptomyces bikiniensis®l 23t melanin &4 A3 23

Streptomyces bikiniensis KCTC 91725 o] &3t Weld A gAgd)E JdEs 2y}
1000 pgel wZoA = Algel] AFE3E  oxyresveratrol, mulberroside A, arbutin,
resveratrol 2 kojic acid 5ol A] inhibition zone°] e}t (Fig. 46).

ANRE 1750 AHE¥® DMSOZ negative control® ©]-83F 7 $-oi= inhibition
zone©] WERUYA] eEQkT} Inhibition zoned A7]E wE JEHOE FUF S owH,
oxyresveratrol®] Hgtd A A Z 37 mulberroside A Bt} HolgS & 4 AN
(Table 10). Bl &&= A}-&3F arbutin, resveratrol % kojic acid®} Blwdle] % $-5=31
Wby A A ERE Bt o] Z3E tyrosinase inhibition =74 ZA¥e} vl us] H
A, 7 A3R7E v FAbste] =& A4S et 2 A7l ##EE inhibition
zonew Al =0l wel S bikiniensis®] 2] Zi]l‘uloi WalA Kol R o] F
A2 HAo Hepd MAE AAGEHA Hete] NS Y= FEo] A #EEe= 2
= Bt} o] A2 oxyresveratrol¥ resveratrolo] Hebd o] AA S A g FAo S
bikiniensis® 2 T3 A ttE ou g A 4= 9drvd. wEbA oxyresveratrol 2

resveratrol> el A oA B oy} FHAEA L o] & Tt AR Us AL
2 7]
(1)
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(2)

(3)

Fig. 46. Inhibition of melanin synthesis of resveratrol, arbutin, mulberroside A,
oxyresveratrol, and kojic acid by Streptomyces bikiniensis. The disk contained
1000 pg (1), 500 ng (2), and 100 pg (3) of each compound and the control
contained DMSO only. A, control; B, resveratrol; C, arbutin; D, mulberroside

A; E, oxyresveratrol; F, kojic acid
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Table 10. Inhibitory activity of the compounds on melanin synthesis and

growth in Streptomyces bikiniensis KCTC 9172.

Inhibition zone of melanin o
Compound (1 mg) ) Growth inhibition zone (mm)
synthesis (mm)

Oxyresveratrol 41.2+0.0 24.1+0.14
Mulberroside A 33.5+0.21 -
Arbutin 16.0+0.28 -

Resveratrol 21+40.0 14.3+0.14
Kojic acid 30.0+0.01 -

10. A& d AAAMEE o] &3 A XU tyrosinase @A A& Z melanin

B4 A
101 2Ed BPAZ dF AZ 54 43 23

Mulberroside A, oxyresveratrol, rhapontin, rhapontigenin, resveratrol % arbutin®| |3
=40 mAE FEE ARSI mEMARAE wd FEHEAE ZAASH] f&d MTT
assay S o] €3te] melanomaA Eol] 3 A BEZo AZTEZAATS AAEAT. AE
AEZo] 90% oS Holx FE+E Mulberroside A, oxyresveratrol, rhapontin,

rhapontigenin, resveratrol ¥ arbutin®] Z}Z} <F 40, 20, 40, 60, 20, 60 uM= YEFHI T}

(Fig. 47). Oxyresveratrol % resveratrol®] 74-¢- 20 uMeol]/do] =™ A EZ A o] A 3=
tH(Table 11). o] A3= S bikiniensisOl /\1 3}gHE- o] melanin$tAl A sf8Et oy}l o
o] AEE AASE A7E BAd A% didel S v

-
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Cell viability (% control)

Cell viability (% control)

Cell viability (% control)

Fig. 47. The viability of B16/F10 melanoma cells measured by MTT assay.
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Table 11. Relative cell viability of B16F10 after treating each compound.

Concentration (uM)
Compound
0 20 40 60 80 100
Mulberroside A 100 93.1£2.9 | 91.1£2.7 | 87.7x2.7 | 79.8+3.6 | 62.5+2.6
Oxyresveratrol 100 89.1£4.5 | 82.8+t1.4 | 77.6£6.0 | 59.7£0.9 | 51.0£1.9
Rhapontin 100 93.6£3.3 | 92.7£1.9 | 87.4x9.8 | 72.4x2.3 | 61.8x6.1
Rhapontigenin 100 98.6£5.4 | 97.3x£2.7 | 92.2+£2.2 | 68.6x£2.5 | 54.3£3.7
Resveratrol 100 93.0£1.0 | 78.1£1.8 | 61.2+£1.5 | 54.2+£2.0 | 46.5£2.0
Arbutin 100 98.1+2.6 | 96.7x£2.4 | 90.9x2.5 | 82.7+4.6 | 63.5*1.7

10.2 AIdd A A EHY tyrosinase A JA) 438 A

Webd g e

d2 AEUAaA o8 dAe d§S AA L-tyrosineS = FH
Al EW ol A 9] melanin$t
A Ed ol A e el 34 A

=78} 7]

= = R e
o= e A
#FsteE ga42849

stimulating hormone<
=74 3k3l

mulberroside A<

A& =

AP AR

© 1™ rhapontigenin % rhapontin®

BHE FQeE

Aam Aol A=
t} (Fig. 48). MSH#7 <

A4S B MSH H A g a9

tH
alr

it
o,

24 A4S HAY. Mulberroside A %

aa 2494 27k 24 F7F dkA

A° 7% rhapontin % rhapontigenin®] #] 3l

t}. M EZ W tyrosinase @A AFfad= A

o] 5 Hol7|&= 3ty A XU tyrosinase A A3 B I=

MSHE
EEEE
Aol AdTel 2

= mulberroside AE Z}

S Ho. duEd =2 AF&3E arbuting

[e)
3
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4 e

K
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A3 E
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.
o
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g A Ao mpIR AR Z EOF tyrosinase A S AdEE Ao R el
H A, 18y mulberroside A9t oxyresveratrolZbe] A XY EA A oA 9

Z Aol E HolA ¥ FoR YEN

©
S
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Fig. 48. Inhibitory effect of cellular tyrosinase in B16F10 melanoma cell for 36
hours. The cell were harvested and measured tyrosinase activity at 492 nm.
Results were expressed % control of only 100 uM MSH treated group and
expressed mean+SD (n=3). Means with the different letters are significantly

different (p<0.05).
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10.3 A3d A AEXE o] L3 melanin A JA 248 23

BIGF10M X o] A 5E Ax5Ae] e shdAr sz Az §F Axd
AE Fede] &S SASAY. AYd AR sRe AEEAE 435 Fu
o] oxyresveratrol ¥ mulberroside A2l A% 0

21319 2™ rhapontigenin % rhapontin® 4%+ 0-50 M ®HYHAA =AH3A
O AgaEE = gEHer debd Aol A el s th(Fig. 49). MSH H
o A% 33 pg/mg protein F =2 melanin®] A EH AT MSHWS A @3k Al X
°] A 887 ng/mg protein %9 melanin®] A A H AW oxyresveratrol =
mulberroside A°l A% ZF A& 5 uM AH#A F Alm AL EF 385 ug/mg
protein & %2 melanin®] A H AT, A EHZ AFE3 arbutin® A $o &= 50 p
M A2l Al 64.7 ng/mg protein 5 =2 melanin®] A A & A . Mulberroside A %
oxyresveratrol®] 749 arbutinol] Hl& Watd AAAAA 237 ZA F7F F L
™ rhapontin % rhapontigenin® W] alsto] = WHd AHAAH g7 F A=
el o ey AW tyrosinase@€ ] A sle]l A9 2ol mulberroside A %
oxyresveratrol tell @Webd A A F o] Aolrt Aol yEuA gk Wl
d AGAA a5 Sd oz ##Aste Fig, 500 HeEdt. dxzao = A&
gk MSH A ejatolA wepd A Aol a4 F7tetdes a0 & Adr. A
gAgTAE oLy depbd A v A4 3

ol = MSH Hl A3 & Aol7t & Az dapd M7 dA43%] 74
t}. Oxyresveratrol % mulberroside AX w2 MEE #A3s #HZ & 2}
oxyresveratrol # 2] A 53] dFek HEHo s}
51). &<k whdo] AAHHE olF & & dTdA= #E F gldoey m
ol o]g ZAEGYG & e o3 mHWEIdE HEWE Aom AZEo] o
Aol digt 712E Wele AT Fe B8% Ao e}

[
HdE fFHE o g A3 A3E B oxyesveratrol 2]
=]

2
AC)

EI

o
o,
e,
N
o
-I |
r o
o
&
¥,
32
kY
=
0Q

A 7497} melanin &
Aol #AH FHA] HHS JATOEZHN melaninF Aol FAE AAdS & F
A (Fig. 52, 53). Mulberroside A%} oxyresveratrol®] v¥W gy = & 3 X
A3E  Z3s] HH Mulberroside AZRE g AhdEsto] e wiEA <l
oxyresveratrol® %FE 749 Mushroom tyrosinase A A& d7F 1008 A= <
T3l T7sle AS d F AfdG. HAA MEE o] &3 HF oxyresveratrol %
mulberroside A2l tyrosinase &4 A3 %2 melanin A GA 37 xR+ 2

H] 2 &2 arbutin, rhapontin % rhapontigenin®] H]d] = A YEyT. 18y
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oxyresveratrol¥} mulberroside A7F2] 2Fo]+= mushroom tyrosinase@X < A & 3}
o A EolxAY AF} FL AolE HolA ¢ttt} o] oxyresveratrol?] TFERE
2 dolAY AEU=ZY FHFA

= I Be]

Aol Hato] Aol Mol that 5 o 7hHA
Z

247t 98 F 9
ov wH T
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B 5lo] L

(o

Qo] BFH o

_89_



(a) (b) (© @ ] (@ (b) () (d) ©

2.5 M
Mulberroside A

Oxyresveratrol

(C) Rhapontin (D) Rhapontigenin
Fig. 49. Inhibitory effect of melanin biosynthesis in B16F10 melanoma cell for
36 hours. Melanin content were measured at 405 nm. Results were expressed u
g/mg protein expressed meantSD (n=3). Means with the different letters are

significantly different (p<0.05).
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Fig. 50. Melanin synthesis in B16/F10 melanoma cells.
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Fig. 51. Comparison of whitening effect of mulberroside A (A) and
oxyresveratrol (B) in B16F10 cell. White spots in cells treated with

oxyresveratrol are shown in circles.
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I Control
35 - /1 MSH only
I ArbutintMSH
[—1 MUL+MSH
OXY+MSH

3.0 A

Normalized fold change

Tyrosinase TRP-1 TRP-2

Fig. 52. Quantitative real-time RT-PCR of melanogenic enzymes. The cells
were treated with a-MSH (100 nM) and arbutin (50 uM), mulberroside A (MUL, 5
uM), or oxyresveratrol (OXY, 5 uM). Data were normalized by using actin as a
control. The values of normalized fold expression were determined from three
independent experiments and expressed as mean values * SD. The asterisks denote
the statistic significance of p< 0.05, in comparison with the control which was

normalized to 1.

T B S B L L L Tyrosinase
e N st Svew seew wew Swww TR
T W TN WS WEmE eSme W TR
. — S— — — — — Actin

MSH ~ + + + + + +
Arbutin (uM) — - 50 - - - -
MUL (uM) - - — 1 5 = -
OXY (uM) - = = — = 1 5

Fig. 53. Western blotting of melanogenic enzymes. The cells were treated with
a-MSH (100 nM) and each chemical of designated concentration.
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Arbutin % kojic acid®] A% HAW FFddeol 280 nm FFolAoH
mulberroside A % oxyresveratrol® 7 %o+ 305 nm AEF % 320 nm #
A E4ES H g uH(Fig. 54). Resveratrol, rhapontin % rhapontigenin® 7 %l
= oxyresveratrol¥ FAFS F49 9 S H Y. Kojic acid ¥ arbutinel = 3 7
of WAl 37} Ao, resveratrol, oxyresveratrol, mulberroside A, rhapontin
1Y E e SgFEY x4 Zolo 9ol
HAdl Frdod Aols wel Aoz YAHAY. F58S ODgre= vus 2w
m

25 uM resveratrol®] A ¢ & 4= o] 50 pM

(

2 rhapontigenin< & 7R @l Al

ulberroside A % oxyresveratrol¥}

FAFSE 548 S Bt Kojic acid®] 7% arbutin Bt} oF 3¥] & F5EHS
B ¢}, Oxyresveratrol ¥ mulberroside AE H| &3 A|IdEAEL UVESF 99
< g2y 25 Hod UVETFE S B Alg 2250 UV Adad7 s
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Ahg
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0 . L
250 300 400 all 240 300 400 500
Wavelength [nm] Wavelength [nm]
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Fig. 54. Absorption of UV-A and UV-B of arbutin, kojic acid, resveratrol,

mulberroside A, oxyresveratrol, rhapontin, and rhapontigenin. The concentration
of each compound was 50 pM except resveratrol (25 uM). A, arbutin; B, kojic
acid, C,

rhapontigenin

resveratrol; D, mulberroside E; oxyresveratrol, F, rhapontin, G,
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Alg EAo fis] FHHS A3 A= Table 1298 Zth. Oxyresveratrol
74 $-& mulberroside Aol Hl&] A= 2-8wje] & FAS Ho] FAuk. LI
mulberroside A®] A%+ 1% ¢4 ¥ ¢ & Ho] Aol 7t A
S 1} oxyresveratrol® A -¢v IHF ST HF 2 S vlE AR ¢
=& g ES By, Aol a4 = mulberroside A % oxyresveratrol R

G ays e x Fdkth. a3 S H < oxyresveratrol? A $ S aureus

e WA et gre] et Hel Aolvh Sl ey, £ faecalis R ol =F 9
AAd o2 dHZ P acnes A5+ WATH? A dited Fwde] Aojg H
Fom Aol e Adatel HlE 28] MIC %5 YWE WAL o Ao 9
3t oxyresveratrol @50 2= sy AlE Ao 37} HojuyA Fory v|EQ
gAA ekl W A&l o AlYA EE VA & F US AoE AgHER
71E9 FAAG] W ayol] g g Aol oY Aow AZHG.

Table 12. Minimum inhibitory concentration of rhapontigenin, retinol,

mulberroside A, and oxyresveratrol against various bacteria.

Rhapontigenin Retinol Mulberroside A | Oxyresveratrol

Gram positive

S. aureus <256 <16 >1024 <512

MRSA' <256 <8 >1024 <512

E. faecalis <256 <16 >1024 <128

VRE® <512 <16 >1024 <256

P. acnes <128 <4 >1024 <128

P. acnes (R)’ <128 <4 >1024 <256
Gram negative

E. colr <512 >1024 >1024 <1024

P. aeruginosa >1024 >1024 >1024 >1024
Fungi

C. albicans <256 >1024 >1024 >1024

1 o erqe .
methicillin-resistant S. aureus

2 . . .
vancomycin-resistant £. faecalis

3 4. . .
clindamycin-resistant
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13. Oxyresveratrol® <A %=

13.1 Oxyresveratrol®] pHol| W& A A ¥H3}

13.1.1 ¥4(10C) =338l A pHol W& 7 A

10C 9 WHstol A oxyresveratrol®] pHol W& Al W3S #HEI A3} pH 3.89
A ZAstel A 379 HESE Al oxyresveratrol®] FHES S 959%Z e QI wbd
of pH 7594 239 HFEA oxyresveratrol® zHE$Ho] oF 51.0%, 379 HFEA 428
% UElol A =3 woh Bobdd Aoz vt pH 869 o U7ty skl A
= 89 HEA] oxyresveratrol®] FE&0] 5% m WS e O] oxyresveratrol H.&E

Al pHZE Wi T 23 Ae® vErs

Table 13. pH9l W& oxyresveratrold 7 A] ¥3}

FiNel]
R 2] 82 93¢ 379

o FEE o FEE o JIEE o TEE

sample (%) (%) (%) (%) (%) (%) (%) (%)

pH 3.8 0.49 100.00 0.46 93.88 0.46 93.88 0.47 95.92

pH 7.5 0.49 100.00 0.40 81.63 0.25 51.02 0.21 42.86

pH 8.6 0.32 100.00 0.015 4.60 0.00 0.00 0.00 0.00

13.1.2 A2x13(23~28%) A pHY & HA A3

Ao 2} FAd A oxyresveratrol®] pHel W& Al W3S AE3S A3} pH 3.8
ol 379 ®EET Al oxyresveratrol®] FEES 91.8%= eI
g o] pH 759014+ 379 ®EA] oxyresveratrol®] zEgo] oF 6.1%E e WA
ZARYg FEEo] WA yEytt. pH 869 o &tE] FAstolME 8Y  FA
oxyresveratrol®] FFE&0] 0% v RS YERU o] oxyresveratrol XAl pHZF w9

229 Aoz yehyr
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Table 14. A232}13(23~28%)0| A pHol ©Wr& ZAHAl W3

A3l %7] 8Y 23Y 374

o EE S FEE o FEE o =g
sample (%) (%) (%) (%) (%) (%) (%) (%)

pH 3.8 0.49 100.0 0.46 93.88 0.45 91.84 0.45 91.84

pH 7.5 0.49 100.0 0.30 61.22 0.03 6.12 0.03 6.12

pH 8.6 0.32 100.0 0.00 0.00 0.00 0.00 0.00 0.00

13.1.3 40TelA <] pHel w& A H3}

40C =33 z=7A3stel A oxyresveratrol®] pHel w& ZHA| W3lE AEI A3 pH 38
o] A4 FAslelA 379 ®HES Al oxyresveratrol®] FFEE L {9.8%E EFU LT
dhH o] pH 750 4% 89 HFEA 6.1%, 239, 379 HFA] oxyresveratrol®] ZHEE o]
°F 0% 5 Yetdlo] W dE FE&0] BA YETE pH 869 °F &7te] Zxdstel
e 8Y EA] oxyresveratrol®] HEEo] 0% v TS YEFH O] oxyresveratrol H <&

=
Al pH 0 olyg} 2% Fo3% 8ddS & F AATh

o

Table 15. 40T A ¢ pHe| wE& 7 A W3}

FiKel]
CRA 7] 89 93¢ 372
sheF HEE ke EE ek HEE s}k FEE
sample (%) (%) (%) (%) (%) (%) (%) (%)

PH 3.8 0.49 100.00 0.45 91.83 0.43 87.75 0.44 89.79

PH 7.5 0.49 100.00 0.03 6.12 0.00 0.00 0.00 0.00

PH 8.6 0.49 100.00 0.00 0.00 0.00 0.00 0.00 0.00
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13.2 Oxyresveratrol9] &ujzZd mE A H3I}
13.2.1 ¥Z10TC)o A &ujzdo] & FA W3}
Oxyresveratrol= o €H-&, DMSO-52] 7] &vlol| &3liste] W =zdstel A Al

MatE du B Ay, olge ) DMSOe] alste] 562 REA G E 98% o] 4ol
AEEES Uehllo] §71 806 REA AR Ao LhEhgr)

Table 16. YF(10T)oN A &= wE HA W

7 =7] 8d 224 56

FF | wew | @w | dew | 93 | Aew | 9P | 4ew

sample (%) (%) (%) (%) (%) (%) (%) (%)

Ethanol 0.52 100.00 0.52 100.00 0.51 98.07 0.51 98.07

50%

0.51 100.00 0.51 100.00 0.50 98.03 0.50 98.03
Ethanol

DMSO 0.51 100.00 0.51 100.00 0.50 98.03 0.50 98.03

50%
’ 0.50 100.00 0.49 98.00 0.48 96.00 0.48 96.00
DMSO
50%
13 BG 0.48 100.00 0.47 97.90 0.47 97.90 0.46 95.83

13.2.1 A2AF A &ujzd] & FA H}
Oxyresveratrol g o2 DMSO% 2 7] &ujo] &&fste] 2233 ZAso A A A

Wels Au 2 Ay o ek23 DMSOo| £3f3te] 564 HEA = 98% o]Ae]
ZrEES e {780 BREANE R AR A Aoz YEyTh
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Table 17. 233, &ojx=d 8ol BAl H3}

71} %7] 8« 224 56¢
e EE e FEE ek EE e FES
sample (%) (%) (%) (%) (%) (%) (%) (%)

Ethanol 0.52 100.00 0.51 98.07 0.51 98.07 0.51 98.07

50%
Ethanol

0.51 100.00 0.51 100.00 0.51 100.00 0.50 98.03

DMSO 0.51 100.00 0.51 100.00 0.50 98.03 0.50 98.03

50%
’ 0.50 100.00 0.50 100.00 0.50 100.00 0.48 96.00
DMSO
50%
13 BG 0.48 100.00 0.46 95.83 0.46 97.90 0.45 93.75

13.2.3 40Tl A &7] &ulslialA AA WS
Oxyresveratrols €& DMSOG S 7] &wlol &3ste] 40ColA FA ¥stE Ay
B A3 o gh&3 DMSO°] g3lsle] 56 HEA O E 96% o] 42 zHE&S LER o]

718 BEA = 40T AL2oME kg A o® et

Table 18. 40ClA &7 §stelA A W3}

A *7) 8 229 569
g | nEE | Sy | Eg | I | REs | % | dE2s
sample (%) (%) (%) (%) (%) (%) (%) (%)
Ethanol 0.52 100.0 0.51 98.07 0.50 96.15 0.50 96.15
50%
0.51 100.0 0.51 100.00 0.50 98.03 0.49 96.08
Ethanol
DMSO 0.51 100.0 0.51 100.00 0.50 98.03 0.50 98.03
50%
0.50 100.0 0.50 100.00 0.48 96.00 0.48 96.00
DMSO
50%
0.48 100.0 0.45 93.75 0.45 93.75 0.44 91.67
1,3 BG
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13.3. 4837t BE A= AE

13.3.1 BFA0TC)NA e BAA #H3}

OxyresveratrolS W7 Z78tollA 95 H7bol mE HA] WsE 249 2 23 HP-
B-CD sl A= 569 BEAAE 97.6% ©]/4e] tEES Yo 7P Ak Ao = e

atoll = 56 HEA] 93.6%5 WERW o] Hlad AR Ao w YERit

Wtk E3F Liposome

Table 19. ¥Z(10T)AM A& Hd o] W A W3}

A %7 8Y 22Y 294 364 564

ek | dEn | w | dEs | g | dEs | @ | s | a2 | dEs | a9 | 2w
sample @ | @ | @ | @ | @ | @ | @ | @ | @ | @ | @ | @
Silica 0.25 100.0 0.24 96.00 0.23 92.00 0.22 88.00 0.21 84.00 0.20 80.00
HP-

0.42 100.0 0.42 100.0 0.41 97.62 0.41 97.62 0.41 97.62 0.41 97.62
B-CD
Nano

0.30 100.0 0.30 100.0 0.30 100.0 0.26 86.67 0.26 86.67 0.25 83.33
capsule
Liposome 0.63 100.0 0.60 95.24 0.62 100.0 0.60 95.23 0.59 93.65 0.59 93.65
Micro

2.42 100.0 2.42 100.0 2.41 99.59 2.24 92.56 2.20 90.90 2.13 88.01
capsule
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13.3.2 2333 (23~28C)A A 9] AA ¥}
Oxyresveratrol& &->2bg 3ol A 95 H7lel| W& A WstE Ay & 43, HP-

B-CD 3ol A= 56 BHEAE 97.6% ©o]/do] IE&S vetdo] 7 b 2=
Bl o Liposome &l 569 HEA] 65.1% 5 e o] Bt Aoz el

Table 20. &4-2x}3(23~28TC) A& A W3t

Aol 27 gl 999 299! 362 562!
| A | Ree | 9P | 22 | AP | 22 | 3P | 22 | 9P | 22 | 3P | 22w
m
sampie @ | @ | @®» | @®» | ®» | w | w | w | w | ® | ®w | w
Silica 0.25 100.0 0.20 80.00 0.17 70.83 0.16 64.00 0.15 60.00 0.10 40.00
HP-
0.42 100.0 0.41 97.62 0.41 97.62 0.41 97.62 0.41 97.62 0.41 97.62
B3-CD
Nano
0.30 100.0 0.30 100.0 0.26 86.67 0.26 86.67 0.26 86.67 0.24 80.00
capsule

Liposome | 0.63 | 100.0 | 0.58 | 92.06 | 0.53 | 84.13 | 0.51 | 80.95 | 0.50 | 79.36 | 0.41 | 65.08

Micro
2.42 100.0 2.42 100.0 241 99.59 2.24 92.56 2.09 86.50 1.96 81.00

capsule
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13.3. 40TCNA ¢ BA ¥Hst

OxyresveratrolS 40ColA 95 H7bo] W& AA W3tE 2y 2 A3 HP-
B-CD 3lell A= 56 HEA = 97.6% o]de] tE=&S YElUo] 718 kgt Ao = 1
Eloy g2 452 BEorgstA YEyth
Table 21. 40ColA 2] AA A3
Z7] 8 22¢ 294 364 564
737kl
sampl st | AEE | g | AEE | ¥ | g | g | E2s | g% | A2 | g | AEE
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Silica 0.25 100.0 0.17 68.00 0.15 60.00 0.13 52.00 0.11 60.00 0.07 28.00
HP-
0.42 100.0 0.42 100.0 0.41 97.62 0.41 97.62 0.41 97.62 0.41 97.62
B-CD
Nano
0.30 100.0 0.30 100.0 0.26 86.67 0.24 80.00 0.24 80.00 0.23 76.67
capsule
Liposome 0.63 100.0 0.55 98.73 0.49 77.78 0.44 69.84 0.37 58.73 0.27 42.86
Micro
2.42 100.0 2.42 100.0 2.36 97.52 2.31 95.45 2.01 83.05 1.89 78.09
capsule
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134, AZA =z & AdFZE A3

13.4.1 ¥AA0T)AA o FAl W3}

Oxyresveratrol S ¥7 273t A AGA 2o 2 HA| HstE 4
5 o

P

microcapsule A& A ZA|

Ao vE

Table 22. W¥AA0T)NAS AA Wt

W

23,

6 HEAC 87.5% o]/l rEES YEh 7P ¢

R4

Xé 5

7 5} %7] 8 224 29d 36 56¥

e | JAEE | T | S8 | I | AEE | T | 3E2g | g% | =g | I3 | AEs
sample @ | @ | @ | @ | @ w | @® | @ | @] w | ® |
Silica 0.025 | 100.0 | 0.023 | 92.00 | 0.018 | 72.00 | 0.013 | 52.00 | 0.012 | 48.00 | 0.006 | 24.00
HP-

0.040 | 100.0 | 0.038 | 95.00 | 0.035 | 87.50 | 0.029 | 72.50 | 0.024 | 60.00 | 0.024 | 60.00
B-CD
Nano

0.025 | 100.0 | 0.023 | 92.00 | 0.022 | 88.00 | 0.020 | 80.00 | 0.017 | 68.00 | 0.017 | 68.00
capsule
Liposome 0.12 100.0 0.10 83.33 0.05 41.67 0.04 33.33 0.04 33.33 0.03 25.00
Micro

0.24 100.0 0.23 95.83 0.23 95.83 0.22 92.92 0.22 91.60 0.21 87.50
capsule
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13.41 &2 A3FolA e AA

H

f

3}

Oxyresveratrols A& x3slo A AFA| x| wE HA WHIsS 2y 2 Az
microcapsule A& #AZA] 564 HEA ] 70.8%9 ZEES Ueo] 71 kA e Ao
2 e
Table 23. =2 3FeA e HA W}
7 72 %7 8d 224 294 364 56

g | BEE | g | AEE | 99 | g | 99 | R | ¥ | | g9 | AR
sample @ | @ | ® | @ | @ | @ | @ | @ | @ | @ | @ | %
Silica 0.025 | 100.0 | 0.010 | 40.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
HP-

0.040 | 100.0 | 0.031 | 77.50 | 0.018 | 45.00 | 0.010 | 25.00 | 0.006 | 15.00 | 0.003 | 7.50
B-CD
Nano

0.025 | 100.0 | 0.021 | 84.00 | 0.017 | 68.00 | 0.013 | 52.00 | 0.010 | 40.00 | 0.009 | 36.00
capsule
Liposome | 0.12 | 100.0 | 0.05 | 41.67 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Micro

0.24 | 100.0 | 0.23 | 95.83 | 0.20 | 83.33 | 0.21 | 82.66 | 0.18 | 75.00 | 0.17 | 70.80
capsule
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13.4.2 40TColA <2 FA #A3g

OxyresveratrolS 40C oA AP Az w2 AA] WM3E A4y 2 A3} microcapsule
A AFA 569 HEAC 6258%9] HE=E&S YEidlo] 7MY A Ao Z YEyt
Table 24. 40TColA < HA #H3}
7 32 =7 8y 22 29« 36¢ 56¢

S e S A = B e O e s - =~ o T S (o3
sample (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Silica 0.025 | 100.0 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
HP-

0.040 | 100.0 | 0.017 | 42.50 | 0.002 5.00 0.00 0.00 0.00 0.00 0.00 0.00
B-CD
Nano

0.025 | 100.0 | 0.016 | 64.00 | 0.006 | 24.00 | 0.004 | 16.00 | 0.002 | 8.00 0.00 0.00
capsule
Liposome | 0.12 | 100.0 | 0.007 | 5.83 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Micro

0.24 100.0 | 0.23 95.83 0.17 70.83 | 0.17 70.83 | 0.16 | 66.70 | 0.15 62.50
capsule
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13.5 Oxyresveratrol®] tAF = A A&

1) Oxyresveratrol /4 2 <z deEdAs B, AHdolA St ste] pHEZ

S meste] opabAtEl RS A7 F Qs

2) vzl A= Ethanol, DMSO, 1,3 BG9 9@ Aejel %= 90%°]d& +AshH,
e st

O:

4) AFAz 2 HAAWSE A E A3 Microcapsules A|&3ti1s ZE AFAx
oA Eetgsldth. Microcapsule >Nano capsule> HP-B-CD>Liposome>Silica &2 2
otg Aol ZA4 verwttl Capsule Wo]l AdoAE= 714 £01 NanocapsuleE.th=

[eRNe}

Microcapsule®™H o] 4L F4 YES

X
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14. Oxyresveratrol?] &

o &3

14.1 Oxyresveratrol® I 89 stilbeneA ¥ & &2 breast cancer cell?

A& 23

Oxyresveratrol, resveratrol,

rhapontigenin,

rhapontins 2]
cancer cell¢l MCF 7 cellol A ] death® 3= vl 3213ttt A8 A3} oxyreveratrol
Bt} rhapontigenin®| cancer celld] ™3t death &7} =4 et Oxyresveratrol
T2 o2 FAMSE anticancer effectorq] resveratrol .U} breast cancero] U =2
death &5 HAoH, s FE59 A=d8 B4 =< rhapontigenin Bth+= & &

= HERAT (Fig. 55).

R5

Compound Subsituent
P R1 R2 R3 R4 RS
Stilbene H H H H H
Rhapontin O-Glucose OH H OCH; OH
Rhapontigenin OH OH H OCH:s OH
Resveratrol OH OH H OH H
Oxyresveratrol OH OH OH OH H
Mulberroside A OH O-Glucose OH O-Glucose H
= DMSO
= 30uM
160 1 50uM
140 = 100uM
&8 200uM

Cell viability (%)

24hr

48hr

=
=

o
A

1 7}sle]  breast

Fig 55. Oxyresveratrol®} I ¥+9] stilbened ¥ &2 9 breast cancer cellg] MCF

7 celld] ek A1H 53
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14.2 Normal cell linedl A9 &3 =A

breast normal cell?] MCF 10A ¢} human HaCaT cellol 4] rhapontigenins <3 5%
o} Aoz AP 3ste] sub Gl eventE &ldlth. 1 A rhapontigenine MCF 7 A3

o A FolAH o & apoptosisE doZth= AL AT 5 AUt (19 56-A).
14.3 Rhapontigenin®] MCF 7 A X A 2] apoptotic cell death & &<l

o]d 2o A rhapontin¥ rhapotigenin”’} cell viabilityol] 7] X]+= 3k 2FQlsk Ay}

rhapontigenin 2] A] 70%°]/d AEE°] o 200uM &=l A% rhapontin MCF

7
cello] F&&S FA] &t} o]} e ARE g2lsty] Y3 sub Gl eventE &2l &
A3, AEE Y Ay s AFEFS & 5 A (29 56-B). T3 western

blotting 2 7|HE o] &3] PARPS} caspase8 % caspase9©]| cleavage ¥ A< &elsh

T AAT (29 56-0).

(A) (B)
— _— —m—— Rhapontigenin
g § § é —@—— Rhapontin
= ==
25 25
- O n 2
gz g
& =2 & =
"
o 50 100 200 50 100 200
Concentration ( uM ) Concentration (uM )

(<) 24 hr

Rhapontin Rhapontigenin
0 30 50100 O 30 50100 (um)

PARP [T - S .

o y o . ——-— | o

Caso | T Wk S o o oo B
s ’ S S -

Cas8 ‘—-—nu.uu-ﬂ—.—‘
EE e Reed i |

e e ol B B b &

48 hr

Rhapontin Rhapontigenin
0 30 50100 O 30 50 100 (uM)

Fig. 56. Breast cancer MCF 7 Al¥¢} normal cell lineE°|A rhapontigenin<
Sub Gl-event H]RL(A). MCF 7 celldlA rhapontin® rhapontigenin® Sub
Gl-event H] X (B). MCF 7 celldlX western blot2 ©]&3% PARP¢ Caspased
cleavage &21(C).
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15. Oxyresveratrol®] 2 AA|

dE2k A 3 kgoll FF 10 LE 7Fske] autoclaveol 4] 121°C, 3A17Hs<SH Fr & A
s FESIAY FEE ARE W4 = SRTE et F 10 LE 2E § 0 o]
1 L9} acetate buffer (pH 452 200 mle] Pectinased 45 7}sle] 30C, 6 A ZF ¥H-3-

ol
X,
Ol
O
N

3t mulberoside B oxyresveratrolS #| %3} E]r. Pectinase®] &4 WSS

skl 100TColA 523 T&atth ol W¥z4d $ Toyo paperg ©]-&sto] o 33}
o] 1000 ml SP-207# %ol F2stsich. SP-2079] &2E =42 10% o g, 20%
BHe 30% o ¥k, 40% ol g2 ztzt 3 L2 8&319t, €543, oxyresveratrol<
= 40%9] EolM A= 5 AU mulberroside A& &2 20%
3 oxyresveratrol-3'-O-B-glucopyranoside:= 30% H+& oz A5 4 Jdrt 40%

S HPLC ¥4 & 15 % oxyresveratrol +38& 7Y 5= & 54 Ax3s 23 o]

M2 R

5Lyl ol H Z
g Ay ZhE

M
4z e Mo

i

B 50g9 oxyresveratrolS #5353
oxyresveratrol2 100ml ©f g2l %6‘H
IL S5gel aykstH A 7k § 47T
3 60Tl Al 24A1 Az ﬂoﬂﬁ} o]
oxyresveratroli’/] 42 20g ol HPLC #4243 %+ 96% |t
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16. Oxyresveratrol-3'-O-B-glucosed 3 A A|

otk Ay 3 kgol S/ 10 LE 7Fsko] autoclaved Al 121TC, 3A1ZHs<F f8 A
s FESIAY FEE ARE W4 = SRTE et F 10 LE 2E § 0 o]
L9] acetate buffer (pH 452} 50 mle] Pectinase®&2ES 7}ste] 30C, 2 Al 7F ¥k3-3}

o] mulberosideZ5-¥ oxyresveratrol?} Oxyresveratrol-3'—-O-B-glucopyranosides #| %
sttt Pectinase® &4 WS AA8t7] $8ko] 100TolA 53 SESIATH ol &
243k % Toyo paper& ©l-&3te] of#sta ©o]& 1000 ml SP-207# <ol &2
SP-2079 &2d 5242 10% A&, 20% olghe, 30% o &=, 40% g 7}7} 3
SZ&3AY, 8543}, oxyresveratrol-3'-O-B-glucopyranosideoxyresveratrol< ©l
& 30%9 EFoA A £ dArt. 30% e FE 3o oxyresveratrol-3'-O-f3
-glucopyranosideoxyresveratrol  °]¢]e] t©t& E#o] <9l low pressure liquid
chromatography system¢! Flash-40°] C18 ZA®&}oll Al ol &-& 15%, o ek 20%, of ek
25%, oletE  30%, dvE 3B%=E  &EFe Ay, oes  25% oA
oxyresveratrol-3'- O-B-glucopyranosideoxyresveratrolS A4S 4 gtk Aoz
s A% 5 T w24 Az Ay olZFHE 10g9 oxyresveratrol-3'-0O-B

T 90%E HERHSA .

aEE

—glucopyranosideoxyresveratrol S £ 5391 &

kAul-a&, Dew—3 Dy

HFLC Relative Feak Area

10%r1
10%rd
10%r7

Elution &= &£ —fraction

Fig. 57. SP-207 resin®l| 9] 3 oxyresveratrol-3’'-O-B-glucose? ¥z A A
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17. F43 A4

B oAdgel E¥E mulberroside A (Mul)®t  oxyresveratrol-3-O-glucoside  (Oxy3),
oxyresveratrol (Oxy)7b 2Hf #He]Z-& AR ibskss dnpt 7B A dobrs
Aolal A thF<l ascorbic acid (Asc)@l ]| H T}, Mulberroside A+ glucoside®

7N 7 A a1 = =290 o 7] of| A glucosideZ st 2 akels 7o)

=<

oxyresveratrol-3-O-glucoside, glucoside® F+ 70 t©} AAS EZo] oxyresveratrolo]™
glucoside® A|73tell W} hydroxyl groupe] F7hetth AlE =49 A o d AASS
=43 Ay= Fig. 587 #o] glucosideE B #1713 oxyresveratrol®] d4abslso] 714 =
ko glucosideEs AATA] F2 mulberroside?] d4tsls2 Al B2 T 7P Yt} o=
4ol Fx7t it #do] Stk AS yehd Aojm tE AFAES] E=wdAE
glucosideE #|1 A3+ aglycone FENS] ZZo] t% =2 ALA (bioactivity) S HIth= A}
dAey. w7 1 pM=E 92 Ay FEdETeR ARESE ascorbic acid  EU
oxyresveratrol®] % AikseS Bov 5 uMe] A9 F B9 ikl o] {fAe Yo
H 57t S7Fel mE) ascorbic acide] d4FstE o] oxyresveratrololl BlE| Stk S
Btk Ae A3} oxyresveratrol®] A% 5, 10 pMe] ©+2 FLoAE #H A% 2ozt
e Hol THAR st EAYS SHE ¢ AT 2gar & ATl AAE
Bl e A3 5 uMeolste] FolA Fad A= S5pM Aol A FHold w
H= Bl At 34 oxyresveratrolS 3HAE o mwlz J5E AR A$ 34k &

s fste] v =3 A gaav le Aom AzE

¢

b
)

=

Foli
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Fig. 58. Effect of mulberroside A, oxy-3-glucoside, oxyresveratrol and ascorbic

acid on free radical scavenging activity. Results are expressed as percentages

and data are the meanstS.E.M.

compared to control,

determinations.

*xp<(0.01).

Significantly different from
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18. 3EAYL o4 vyasd =3
181 dedAL Ao $47 W

Brown guinea pig Abgre] Jjitol Aot o]l Fujo] Wb A E7F EAjsto] #pelid o)
o3 Mol fFEHET UVB 2AMZ #Hehd Mz o] f %% brown guinea pig
g H-of sk mulberrosida A, oxyresveratrol, oxyresveratrol-3-O-glucoside % tjZ-2
T Al v maE Sebd o vlug A AR =X 3F
7 BAEA Gkt AlFE =X 45 Fol& arbutin iFETy A
FEAoR2 o= As #EskA L, 57 Fof ot A

s AN (L7 59).

<
= 1T
o] BASAT 1% Al8E EZ 79
=1

2 arbuting Z=X3F

.
. 53] 5% oxyresveratrolS =3
gk Bejol Aol mw z2Hgo] KujtzotH Hluste] AAF FUHEHASS & T AyT

(¥ 59 C, d).
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) ®) ©

Fig. 59. 533 A= Ag ¥ dgd Nx A3 Hsg)
FE(A), 1%; (B), 2%; (C), 5%

TX AR (a), 24 dE2dE =¥); (b), ¥4 T (arbutin =3); (o),

y

>
fu
k

d

mulberroside A =3X%; (d), oxyresveratrol =3, (e), oxyresveratrol-3-O-glucoside

=¥
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182 Agd MA L Zuk x5 HE

18.2.1 #zd M4 W3

ol A HRALE = A 7FA] SolabdE S48 mexameters A3 A RS u) K
of 5mm Z7|Z WES F WALEE FAS gAste] "WEhd Aol b A FE S5
. Mexameters Ab-&3ste] H|F4 WHog dAepd A45 SAT A3 5% 2%l A]
AAA SR Fashs Aol Aoy 1%0dA= ol whgh TS &2 3 + ¢l
ATt 5% =FEao H$ oxyresveratrol EE oA b &3 Aol wabd A 2

(o3}
-
weld. o 4

-glucoside o] 2]3F v

A AL QAU o= FokHon BAT muEvehE A

o &
oy
i
i)
il

I 2 5B mulberroside A, oxyresveratrol % oxyresveratrol-3-
EHE g9 T gAY (19 60).

. M

i [ Avbutin
800 E Mul-A
] GRY

& _ 5 . CEY-3
600 - = -
400 -
200
u = = L
1% 29 52,

Fig 60. Al& =¥ 93 dad A4 HJF A4 a7

Melanin content
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18.2.2. W+ A5 W3

% guinea pig ¥ 52 ¥k 2|4 WSS 19 619

z= W3 B 1% Al5E E23 7 -$ mulberroside A

o 15% sl on, 1 9o AEdol s 6~8%2] TWHA47} HA4stS)
o8] g Aol A=
=2 Ho|x| &okth 5% = E o A= oxyresveratrolS E XS A -$-ol] ool 1))

30% ALl Zuk X =7F A4S "AA Kl AyE EA8] B oxyresveratrolS 5%
%!

G 2 FHHA S g ZE Blov O 9o AR s SN AAag e Ho

Au
N
X
_>.1|_1‘
AC)
St
=2
>
rlr
=

=3
o
@

=

o

@.
o
)

>
=2
>
12
X
X
o
B~
ol
8
o
=
I

. NC
—— Arbutin
. 0uEA
I OXY
350 - EE OXY-3
300 u
= 250
o
=
O 200
[ 8]
£
g 150 -
W 100 -
50
0 .

1% 2% 5%

Fig. 61. A5 =X ¢

2
olop
rU‘.
N
N
=
o
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183. 2434 F7 A%
18.3.1. Fontana Masson 92 23}

g5 =AU Wepd M4 44 WSS Fontana Masson® A&
ol mlE] @eEld AEZ7E FEO7|H S ]
Arbutin®} Oxyresveratrol-3-O-glucoside =¥ 9] 7 %ol 7] 4K 9o dabd A o]
#Z = o}, mulberroside-A$} oxyresveratrolS 5% =E3F H9jo wWald AA o] o
Zaroll vls] dASHA AR SS FA T 7 AU (2E 62, ¢ d). ol9 #Zo] I
ZA A Ao A oxyresveratrol7} tiZwt E T E A8 Ag ot vlE AR F

7he MM E S Hol= Ao YUEuT (Z¥ 62 o).

Fig. 62. Fontana Masson @39 93 A5 (Z 5%) TEX¥TF9 dzd A4 A4
(x40)

A, £v] =¥ tlZ; B, arbutin =¥ C, mulberroside A =¥ %; D, oxyresveratrol

X

S ¥ E, oxyresveratrol-3-O-glucoside &= 3 3"
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18.3.2. Hematoxylin-Eosin €4 243}

AR ] whE dnbA]l v Rz wWitE wEstr] 918 Hematoxylin-Eosin ¢ 4
S 33 Ay ) Z7¥ arbutin 2 mulberroside AX 2]l A= £ 2}Fo]lS Ho|A] e

oxyresveratrol % oxyresveratrol-3-O-glucoside =72 729 7| A5 Fwo] o

1?_:] ST
Zaol Hla £ o wiEe BgS olF i v AS gl & AT (¥ 63 d%t e).

Fig. 63. Hematoxylin-Eosin @&l ¢ & A5 (5%) =X w9 Z2 ¥ (x40)

A, &9 =¥ U Z5 B, arbutin =X+; C, mulberroside A =3+ D, oxyresveratrol

=¥ E, oxyresveratrol-3-O-glucoside =3 -
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18.4. Tyrosinase &4

Wy AL tyrosines DOPAZ 3 A 7]+ tyrosinase hydroxylse$t DOPA
= DOPAquinonel. & #3471 DOPA oxidase® Z &3 S F @A wrsS =
"] &= tyrosinase®] bl oa] AlztE v webd Aol mm g s #QlE] 9 alA
2 AEE WY 1, 2 5% A 573t =3 F dR2AS A& tyrosinase €&
= o2 A7 AT tyrosinase THAS v Az}
5% 4] arbutin ©] 89.3+2.7%, mulberroside A7} 81.5+0.48%, oxyresveratrol®]
55.7t3.1%, oxyresveratrol-3-O-glucoside’} 61.2£1.6%9] #AXE BAT. 2% A=
arbutin®] 79.7+1.9%, mulberroside-A°l 4l 76.7£1.4%, oxyresveratrolol A 75.4+1.9%,
oxyresveratrol-3-O-glucosideo] A  83.3+3.4%¢2] ZAAS HYrh 1%°lA  arbutin®]
122.9£5.8%, mulberroside—-A ol A 82.4+0.7%, oxyresveratrol o] 4] 84.1+£0.4%,
oxyresveratrol-3-O-glucosideol] A  88.8+1.4%°] A4S HYT. 1% =¥+ H$
arbutine] el B8] =2 tyrosinaseZd S HASY T 99 Alm AHaoA =
tyrosinase Aol ZAAFHASS A T S Uddd Ao AHE  FZolA
oxyresveratrol®] %7} 7F4 @342l tyrosinase A4 oA EE Bt E3] 5%
2@ toll Al oxyresveratrol # 2]t tyrosinase A A& & 3rF EujoiEato] H]E|
45% A&l Hold A EHE YEAT (17 640). £ ZA W] tyrosinase &/ ¢
A &3] A oxyresveratrolo] 7HE &AL w25 e 9o AnE3 o

A 8h= AaE BT

140
(A) I

120 -
s
> 100 -
= N =
T 80 -
w
?
o GQ g1
=
W
2 404
-
—

20

G x T T T

NC Arbutin | Mul-A Oxy OXY-3
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120

100

Tyrosinase activity(%)

Tyrosinase activity(%)

(B)

NC

Arbutin - Mul-A Oxy OXY-3

Arbutn  Mul-A  OXY  OXY-3

Fig. 64. N8 =¥ %9 EJY tyrosinase &4 W3}
=¥ B, 2% Als EXT C, 5% Als EXT

A, 1% A
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A el
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i Al

G Gzl H]

T

3

ﬁo

i

o] & Zo® Yeygor} 2% 9 5% Al

K

Ton
Ay

o

!

¢ oxyresveratrol

.
T Arbutin
. [Aul-A
[ Oy
| Rekysc

T
= [ | [ | —
= = = =
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uisjold BnglBniusiuos uiue|2ny
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1%
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Fig. 65. Al =X
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18.6 Real-Time RT-PCR %@ Western blot

Wby A W32 melanosome E wl Ao o] Ao Hcoh (2 66). wEbA

T

oxyresveratrol, mulberroside As 2] Al57} o5 T &S v HA dephd YA
Al EHE HoleAd i3t AAVIAS Ayl e "epd A dHE 5ol A
mRNAS 2HAAEE AU o5 3] tyrosinase, TRP-1(tyrosinase-related
protein 1, DHICA oxidase), TRP-2 (tyrosinase-related protein 2, DOPA chrome
tautomerase), L] 3l tyrosinase, TRP-1 % TRP-2& %43+ MITF (microphthalmia

transcription factor)oll Wia] A& X7k W& Fdxte] dd S HESATL

— ) Lt S

y Tyrosinase | Tyrosinase
Tyroslne DOFA DOPAquinsne
“'-T'\T- \) £H campaunds
o ./
Dﬂf&thﬂnl\ TRP-2
I \.' o
A0 S 1.
“ pm" DHICA
* Tyrosinase l TRP-1
Induole. 5 G-quinant Indale.5.6-quinans-2-carboxylic scul +

\x\ Eumelanin "f’.’ Pheomelanin

Fig. 66. 2etd &4 2= % #d 34 993

- 123 -



5% A5 ExwdM = SujtiEarel Hls] b 32 mRNAS TdE AA fAs=
23E Bt (29 67). Tyrosinase mRNA WdN A= Sz ¥]3] arbutin¥
oxyresveratrol-3- O-glucoside®l| A Z+2}  °F  25%9F 50%°e] HAHAE
mulberroside A¢} oxyresveratrolol A ¢F 90% B =] & ZAAES yeudd. TRP-1,
TRP-2, MITF mRNA Z& oA B5F AR Z3Fs Holw 30~85%9] #HAAE UEY
A} 5% Alaxg e Ay Webd A Id G4 9 transcription factor mRNA 23
MM mEte dAaHNE AT 4 Ak 2% AR A oA HAepd AATA <zt
mRNA Z& oA %= 5% A3 FARE S Btk 2% A gdolM = 5% Agth
U= tyrosinase mRNA 2&o] BE A5ato] ¢ 2 oA dAAS Bk FA =z
arbutin®} oxyresveratrol-3- O-glucosideo| /] © <% F&83 747} YEwt. TRP-13%
TRP-2¢1M = 5% A2l A e deblodth Z8v MITFOI A = 2% A2l
ol A arbutin®} oxyresveratrolo] &t Z T E T thA =4 2d %l Mulberroside A
9} oxyreveratrol-3-O-glucoside:= 2o FXE A3
3 FEEOA AT AREHEY A o3k AL FHFd] g ww i)
tyrosinase ¥ TRP-1, TRP-2 ¥ o] @A E9] 7]5& Z4Ast= MITF 32 a9
AAlel #AH S & F Ak o9 AR AF G wgo] A E S & F

AR (Fig. 68).
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Mormalized Fold expression

Mormalized Fold expression

Fig. 67. ®gd

3.0

25 4

2.0

1.5

1.0
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(B}
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[ ETIECH
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. O5Y-2

Tyresinase  TRP-1 TRP-2 MITF
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@ ©® © @ @
S8 e . =« Tyrosinase

-

TRP-2

Fig. 68. Effects of different inhibitors on melanogenic enzyme expression.
Levels of protein expression are shown for (a) control treatment, (b) arbutin, (c)
mulberroside A, (d)  oxyresveratrol, (e)  oxyresveratrol-3-O-glucoside in
UVB-irradiated skin tissues of brown guinea pigs. The samples were treated with
5% of each compound.
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5 %

19. Oxyresveratrol, Oxyresveratro-3-0O-glucoside®]

EEEIRL

A
oR

!

%okt

o)

ol Hla WMstrE LEUA]
192 9943 NAAH 7}

) =

"

el

SRR

H
T

@3} 3

e} ]

z

A& & White guinea pig9]

=

ey
T F

= A

]

A

o)
N

e

o}
oF
il
do

X

o

bl 21431

H71 #1s

7}E
o ¥ %AFA

E

b2

SAIZY, 24A12F 2 T2A13E

|
—

ﬁo

il

d
B
—_

0

12)

A4}

KN
=

7}

=

(e}

=]

%
R

H AT 5% OXY

1

3t

S

F-Rlol A Sete =z A
Al 1FE2] ethanol

]

Aom 4

]
:l'
3lo
=1

(e}

b2

=

o

)

23} 3

FO

]

|7

-
T

A

I 1% OXY. 1% OXY-3& =

o

1<

o 2]
o} PLI &

ol

=<

hyA
-

ofo] H]

24 ol7|® Ao=m mHelt)

=g o
A=A 5(PID7F 0252 Eolw )

==

3t (Table 25).

S

=

=

37}
ethanol:propyleneglycol(1:9) mixture %=

]

3
o A4 A

}

9
yl

%
Njo

-
=y

;AE
o
B
1

7}

[e]

]

3

)

w2} A
of wz} PII 0.5°]

-
it

7}

o

]

3

9 RAT AE A} A
A ko PIIL #tol 1% OXY,

0, 0.08, 0.2 HAF o] nHAFA EAZ

Fo g 24A17F o] Fell= A EAT (Fig. 69).
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3tk (Table 26).

off ) F-Ap=el o

=
il

ATH whebA AA = S

A

(o) ez}

AR

5% OXY, 1% OXY-3 Aa ol 7tz
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97k BAAUA
5% OXY<| PILI
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=
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T
kel



Table 25. JFASAH H7F 23 (NC, A H=T)

(1) 5AI%F %

No. of

animals

1

ofN

¥

ol

bt
<

NC
1% OXY
5% OXY

196 OXY-3

()

()

NC
1% OXY
5% OXY
1% OXY-3

NC
1% OXY
5% OXY
196 OXY-3

SO O O OO O O oo o o o

S = O OO O O +H IO O O

S O O OO O O oo o o

O O O OO O O oo o o o

(2) 24 N3+ 5

No. of

animals

ofol
&3

N
N
o

1z

o\

=

)
)

=
]

<

it
<

NC
1% OXY
5% OXY

1%6 OXY-3

()

o

NC
196 OXY
5% OXY

1% OXY-3

NC
1% OXY
5% OXY

196 OXY-3

O O O OO O O oo o o o

o o o ol o o ~lo o o o &

S O O OO O O oo o o

O O O OO O O oo o o

- 128 -



(3) 72 A3t ¥

ofol
[-*E
N
o,
-z
o\

No. of

animals

=
bt
5

=
=
e
L

}1_:‘
L

NC
1% OXY
5% OXY
1% OXY-3
NC
196 OXY
5% OXY
1% OXY-3
NC
196 OXY
5% OXY
1% OXY-3

(e}

S O O OO O O oo o o o
S O O OO O O oo o o
S O O OO O O oo o o o

Fig. 69. Representative area of skin irritation by OXY and OXYre treated with
vehicle as negative control(black box), 1% OXY(blue box), 5% OXY(yellow
box), and 1% OXY-3(red box) on normal(left) and braded(right) skin region.
The photos show the skin before topical application(b), and after 72h of

application (c).
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Table 26. Score of skin irritation

AE e Ay 54 AE A}
1% OXY PLI = 0 (M ==40)
2 2=+ A 5% OXY P.LI = 0.08 (M ==4)
1% OXY-3 PLI = 0 (M A=FA)
A R Aok 212005-605 o kRS HAAY ) F

R A s 9 958 HHo=E e 24, segEAY 7| 9 F 9

gk S0 delA A F2 E4S AN e HEASES o= &
T2 = E7]9} guinea
pigs F% AF83H, Draize method, Guinea pig maximization test (GMPT), Buehler
method, Local lymphnode assay (LLNA) o] @Wo] AF&E o S®st 749 A&
= W Soly H 2o /A E OECD guideline No.406(1992)] W& GPMT7F 714 4
g AR E Itk B3 GPMTE A=Al ofgt 4% HET 4 o] t&E Yol H
 AEHa ok GPMTel st A3t Hrie %43 7} (quantitative assessment) @t 2

7_(_1

953 7}= Draizeoll ¢lste] A4 d 7]

&

A % 7Hqualitative assessment)® 4

4 = T Utk

ol wet 2 ARAA YErYE R AEE 004 3AE THE Aste] A st
H7}et} (Table 8). ©] AL guinea pigoll Aol Alg Ao} Aol e wkgo o3k 7
g AAE = 7 Atk 24 HJUbe A EelA SRS S UE AT E HEER
YEtl = W S 2 Draizeoll 93 249 7wol Wt 5w AT (Table 9). & 44
7hel dojAE AFFTE FolA o= g A= REE ARt ARl FARES ]
Yetyd 2 Ede] deA e 7HAAL e Ao® AZgH. Al sEolA AEE
Aol o A5S yedl AT obE Ande 2do] ALE F o x=EE F Qe
AR e miske] AEEk o AbgEEo] 84S de F= U7 #WEel GPMTel Sl
of FHF/tEE AAH ] f & 9uE FoF 5 Qrh. BRE T2 A F9 #
e AN A F 24, BARHAC AAIRE 23 DNCBE Add FddzaolA=
24X A FE - Alsh SRkel BE To FAbe] #E oY 1% OXY, 5% OXY,
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1% OXY-3& A welAe &4, 0 7% Fo] A8 #A#=A ¥t (Fig. 70,
71), W&o Wk 0% el vl oF3H(Grade Do2 A H ATt (Table 27-30).

2 AF2HH 1% OXY, 5% OXY, 1% OXY-3+ guinea pig ¥4l PII 0~0.08% 4}
Bl o2y w254 242 ddE o, @2 3598l A guinea pigel I F A&
& 0%= Ade NS of7|skA] ol vig- k3 (Grade Do AR HO=HN 2 A
of Al-g-gt Ay f2 9 mulberroside AS T4 HAZAIA TS 17 L 27 AASA A
Z3F oxyresveratrol ¥ oxyresveratrol-3 O-glucoside =22 n|Wl g y7} kAl A=
B 99+=4d oxyresveratrol % oxyresveratrol-3-O-glucoside =22 guinea pige ]2
2 3 s& APodA HFEAF R AARESS dorA] v EEE Uiy o] wwsky

Fo] 4R o]§ A5Hel e Ao Amg

- 131 -



Table 27. Skin sensitization score and rate at 24 h after topical application of
OXY and OXY-3 in guinea pig maximization test

Treatment Animal No. Sensitization  Sensitization rate Grade
score (%) (%) (classification)
1 0
Saline 2 0 0 .
(negative control) 3 0 (0/4)
4 0
1 3
0.1% DNCB 2 3 100 v
(positive control) 3 3 (4/4)
4 2
1 0
2 0
1% OXY 3 0 0 I
(0/5)
4 0
5 0
1 0
2 0
5% OXY 3 0 0 I
(0/5)
4 0
5 0
1 0
2 0
1% OXY-3 3 0 0 I
(0/5)
4 0
5 0
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Table 28. Skin sensitization score and rate at 48 h after topical application of
OXY and OXY-3 in guinea pig maximization test

Treatment Animal No. Sensitization  Sensitization rate Grade
score (%) (%) (classification)
1 0
Saline 2 0 0 .
(negative control) 3 0 (0/4)
4 0
1 3
0.1% DNCB 2 3 100 v
(positive control) 3 3 (4/4)
4 2
1 0
2 0
1% OXY 3 0 0 I
(0/5)
4 0
5 0
1 0
2 0
5% OXY 3 0 0 I
(0/5)
4 0
5 0
1 0
2 0
1% OXY-3 3 0 0 I
(0/5)
4 0
5 0
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Table 29. Skin edema score and rate at 24 h after topical application of OXY
and OXY-3 in guinea pig maximization test

. Sensitization  Sensitization rate Grade
Treatment Animal No. .
score (%) (%) (classification)
1 0
Saline 2 0 0 .
(negative control) 3 0 (0/4)
4 0
1 2
0.19%6 DNCB 2 2 100 v
(positive control) 3 2 (4/4)
4 2
1 0
2 0
0
1% OXY 3 0 I
° (0/5)
4 0
5 0
1 0
2 0 0
5% OXY 3 0 I
(0/5)
4 0
5 0
1 0
2 0
0
196 OXY-3 3 0 I
(0/5)
4 0
5 0
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Table 30. Skin edema score and rate at 48 h after topical application of OXY
and OXY-3 in guinea pig maximization test

Treatment Animal No. Sensitization  Sensitization rate Grade
score (%) (%) (classification)
1 0
Saline 2 0 0 .
(negative control) 3 0 (0/4)
4 0
1 3
0.1% DNCB 2 3 100 v
(positive control) 3 3 (4/4)
4 2
1 0
2 0
1% OXY 3 0 0 I
(0/5)
4 0
5 0
1 0
2 0
5% OXY 3 0 0 I
(0/5)
4 0
5 0
1 0
2 0
1% OXY-3 3 0 0 I
A 0 (0/5)
5 0
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Fig. 70. Representative area of skin maximization test after 24h of treatment
with saline(negative control, a), 0.1% DNCB(positive control, b), 1% OXY(c),
5% 0OXY(d), and 1% OXY-3(e)

Fig. 71. Representative area of skin maximization test after 48h of treatment
with saline(negative control, a), 0.1% DNCB(positive control, b), 1% OXY(c),
5% 0OXY(d), and 1% OXY-3(e)
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o2 Azl #AS T
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g EEAUe oA BAE AP Ee Aom UEh} Uik B gus s A9 A

-glucosidaseES & f 3 &

mulberroside A7} & 4o <3 7}4‘* %;HQ—E A& HPLCO <93 &<2ls)

Aot AFAES FFFoEA AFY W TS este] FDAS 7S W

AR F2Fo HAI g ALgs = Novozyme/\}Q] Pectinex& Z4#y F

8 7t BaAlarE A

PectinexE A}&3 WS$Al9 HH a4 Ww$e HEI Ay, pH 4.5, 60C=

ekt a4l o g 7R Al Fol 270 2] e 7% ¢ mulberroside AE

‘%}O] 170 ¢l oxyresveratrol-3-O-glucoside® 7 # oxyresveratrol® H3tdE &

gtk =23 2 A7 ANy FEEE25H mulberroside A% G4 7h

Mo 2 EE oxyresveratrol, oxyresveratrol-3-0O-glucosideE & & A3}

of o] 59 TxE& FUAT.
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FAAE A 2 Aewm ddste] o] 29 wwas, dopd A4 mEaN3 A
712 A A, /A EAAE, kR, AR AE, A BUrE Tt SE
dE2AM Y HIdS AESIH
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ﬁ
2

o] tyrosinase X

A 2 melanin A A 53 axE B, 53], d
A nM P2 o5 & arbutin E kojic acid9}2] H] uloj A 15 o
Tt a7 AdS5E A & 5 YA o a4k HEo o a2 FAd A o
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= AR AgdelAd H#aERrt ds5sE & F AdAH. 5 5%
oxyresveratrols g dFNA = FHg v g ot UrE]r%L% o Ao
ABHel A}E A7 mexamerE o] &3to] WS =43 Ay
oxyresveratrol, mulberroside A, oxyresveratrol-3-0- glucomde/] gl 2,
5% A2l akol A Aepd Ao AE B, AT A] A3E HW
oxyresveratrol A2l A iz vl AEd Mo o] dAB] HAFH
NS By, =3 95 B8 3e] tyrosinase ¥ melanin®d &S 543 23t
o JAMNE 2%, 5% A BAHTYT, 53] 5% oxyresveratrol Aol Ao &4
449 A g dapd kol “Efixﬂé‘] AAHATSE & F AAT.
nE g s Hol= S ety s AAg dAed g0 AHE G

of S SAM & Aol AE AmAgatelA depd FAI HddE FAA

ly

=
= -
gzl v @43 daAAdee ¢+ A

(iR
Lo
-0,

r (

- 138 -



2oy AneEg TP mY guy F3Be aidd AW

=2 =

mulberroside A % mulberroside AZ

b
o
rlet
_0|L
2
rlj
'

oxyresveratrol %
oxyresveratrol-3-0O-glucosidet= %5 arbutinol] ®]3] <=3} tyrosinase A
o 2 melanin @ AA = a¥3dE HIEY., Oxyresveratrol %
oxyresveratrol-3-O-glucoside™ mulberroside ARt} w|¥Wl g7t ZF7iH 2
}E HYPT. I 5% Ay TolA oxyresveratrol® EE AlE A o H G|
453 ¢ ad7t dSs & & F UAAvk. Oxyresveratrol®] 4ol =
ket Al Eo] i3k AE AlE &3 % mulberroside Aol 43 &3} E H AT}
o]+ mulberroside Aol tj3%F A2 o 2 oxyresveratrol® w W gye] Fx

=
Wl oY gl oxyresveratrold o] g Fof% U @ 4 g Jp5Aol o H

o5

T3+ oxyresveratrol® SHAEE = =
L Aol A EA S pHES a#ste] e HIZ Y Alx7E HQ8kglth Sujxd
X+ Ethanol, DMSO, 1,3 BGY] o]

237 el wE FAREE dud Ay, YA = B sl e

3
H X A3 Microcapsule2 A|&|3lales BE A FA ZFo| A EHAG3FA L. Microcapsule
>Nano capsule> HP-B-CD>Liposome>Silica 2.2 ¢FAAlo] £4 et} Capsule

HHH 2o A% nanocapsule E.UFH= microcapsule W o] ©lS A UErRT)

FRaol wwsas Adgsel 96% olde IeE
2

[e)
ST ¥ oxyresveratrol-3-O-glucoside? A|Zx= F=

o
%
=<
<
D
wn
<
D
=
ab)
=
=
S
lfeS
2,

A S §4d3 & SP-207 W3 Low pressure liquid chromatography system
9] Flash-40% A}F&3}e] C18 reverse phase columne ©]&3le] 1wz Ha AAT
T A}

Oxyresveratrol®} oxyresveratrol-3—-O-glucoside ¥%9] 3H3le8S Hwst A}
oxyresveratrol-3-O-glucoside .t} oxyresveratrol?] &»tslzlo] =4 el

oxyresveratrol®} ascorbic acid®] R3S v|wE Ay 1 Mo @ FRoAE=

- 139 -



oxyresveratrolo] =& sHkaleS YERRIA, 5 uMe] A$ F =49 dakstHEHe
3G om 5 pMs X9 A= ascorbic acid9] Egagein=1s) oxyresveratroloﬂ H)3 &= Ak
Btk A3 A3 oxyresveratrol®] 745 5, 10 yM¥] & FLoAx dAA S oz
Aes Bl A kst B49S THE 4 AT webA oxyresveratrol

FE VA ARE AET P F EAE Dol 9% s WA E B

>
=

b o

o

Oxyresveratrol 2 oxyresveratrol-3-(O-glucoside &2&S A}-83}] guinea pigel I
FASA4 2 yREES HES A3, 9FoA P.LI 0~0.085 YERWH O 22X HA=SA
=242 ddEda, A v FRkgol A guinea pigel ¥ AAES 0%% HAS )
hE-& oF7]shA]l ol w9~ °F3F (Grade Do & AHA =S

Hooodqte]  Abg3 Awly] {29 mulberroside AE &4 HEAIFA A F3H

oxyresveratrol % oxyresveratrol-3—-O-glucoside =22 mulberroside Aol H|3}o]

e A9hE BYon guinea pig® AR @ EE AN By

&g
& do7A e =2 =2 HUbEo] mustgEe] dE R o8 JheAel U=
5l

3, oxyresveratrol 2 oxyresveratrol-3-O-glucoside &2-& w]aiz 2 wl opyg}
2 ks 242 AR 7S AFeRe] VAR wlg oA A

- 140 -



N =

9.

10.

11.

12.

I A 2% 23, BABRA Y,

Y. S., Y. B. Ryn, M. J. Curtis-Long, T. J. Ha, R. Rengasamy, M. S.
Yang, and K. H. Park. 2009. Tyrosinase inhibitory effects of
1,3-diphenylpropanes from Broussonetia kazinoki. Bioorg. Med Chem. 17(1):
35-41.
Lee, H. J., J. H. Park, D. L. Jang, and J. H. Ryu. 1997. Antioxidant components
from Broussonetia kazinoki. Yakhak Hoeji 41(4): 439.
Maeda, K., and M. Fukuda. 1996. Arbutin: mechanism of its depigmenting
action in human melanocyte culture. J. Pharm. Exp. Therap. 276: 765-769.
Hori, 1., K. Nihei, and I. Kubo. 2004. Structural criteria for depigmenting
mechanism of arbutin. Phytother. Res. 18: 475-479.
Golan—-Goldhirsh, A., D. T. Osuga, A. O. Chen, and J. R. Whitaker. 1992. Effect
of ascorbic acid and copper on proteins. In: V.T. D'Souza and J. Feder
editors, The bioorganic chemistry of enzymatic catalysis. pp. 61-76. Boca
Raton, Florida.
Golan—Goldhirsh, A., and J. R. Whitaker. 1985. kes inactivation of mushroom
polyphenol oxidase. J. Mol Catal 32: 141-147.

. Bailly, J., M. Crettaz, M. H. Schifflers, and J. P. Marty. 1998. In vitro

metabolism by human skin and fibroblasts of retinol, retinal and retinoic acid.
Exp. Dermatol. 7. 27-34.

Stone, T. W. 1985. In Purines: pharmacology and physiological roles
physiological roles. pp. 1-4. Macmillan, London.

Mei, N., Q. Xia, L. Chen, M. M. Moore, P. P. Fu, and T. Chen. 2005.
Photo—mutagenicity of retinyl palmitate by ultraviolet A irradiation in mouse
lymphoma cells. Zoxicol. Sci. 88(1): 142-149.

Mei, N., Q. Xia, L. Chen, M. M. Moore, T. Chen, and P. P. Fu. 2006.
Photo—mutagenicityof anhydroretinol and 5,6—epoxiretinyl palmiotate in mouse
lymphoma cells. Chem. Res. Toxicol. 19: 1435-1440.

Yan, J., Q. Xia, S. H. Cherng, W. G. Wamer, P. C. Howard, H. Yu, and P. P.
Fu. 2005. Photo-induced DNA damage and photocytotoxicity of retinyl

- 141 -



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

palmitate and its photodecomposition products. 7oxicol Ind. Health 21:
167-175.

Mackie, B. S., and L. E. Mackie. 1999. The PABA story. Aust. J. Dermatol.
40(1): 51-53.

Dromgoole, S. H., and H. I. Maibach. 1990. Sunscreening agent intolerance:
contact and photocontact sensitization and contact urticaria. J. Am. Acad.
Dermatol. 22: 1068-78.

Fournier, T., S. Pommeret, J.-C. Mialocq, A. Deflandre, and R. Rozot. 2000.
Femtosecond laser studies of excited state intramolecular proton transfer in
an ultraviolet—filter molecule. Chem. Phys. Lett. 325(2000): 171-175.

kAL 2007, (5718 sbPEE A skstest. News & Information  for
chemical engineers. 25(2): 138-143.

Pawelke, J. M., and A. M. Korner. 1982. The biosynthesis of mammalian
melanin. Am. Sci. 70: 136-149.

Bell, A. A., and M. H. Weeler. 1986. Biosynthesis and function of fungal
melanin. Ann. Rev. Phyrophathol 24: 411-451.

Lerner, A. B., and T. B. Fitzpatrick. 1950. Biochemistry of melanin formation.
Physiol. Rev. 30: 91-126.

Marmol, V. D., and F. Beermann. 1996. Tyrosinase and related proteins iIn
mammalian pigmentation. FEBS. Lett. 381: 165-168.

Hearing, V. J. 1999. Biochemecal control of melanogenesis and melanosomal
organization. J. Invest. Dermatol. Symp. Proc. 4. 24028.

Matubara, H. 1998. Ilhibitory effect of lichen metabolites and their synthetic
analogues on melanin biosynthesis in cultured B-16 mouse melanoma cells.
Natural Product Sciences 4(3): 161-169.

Mishima, Y., S. Hatta, and Y. Ohyama. 1998. Induction of melanogenesis
suppression: cellular pharmacology and mode of differential action. Pigment
Cell Res. 1: 367-374.

Choi, B. W., B. H. Lee, K. J. Kang, E. S. Lee, and N. H. Lee. 1998.
Screening of the tyrosinase inhibitors from marine algae and medicinal plants.
Kor. J. Parm. 29(3): 237-242.

Dooley, T. P., R. C. Gadwood, K. Kilgore, and L. M. Thomasco. 1994.

Developmnet of an in vitro primary screen for skin depimentation and

- 142 -



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

antimelanoma agent. Skin Pharmacol 7(4): 188-200.

Kubo, M., and H. Matsuda. 1995. Development studies of cuticle and
medicainal drugs from natural sources on melanin biosynthesis. Fragrance J.
8: 48-55.

Matsusukami, M. 1995. Evaluation of antimelanogenic effects. Fragrance J.
19(1):

QOetting, W. S, and R. A. King. 1999. Molecular basis of albinism: mutations
and polymorphisms of pigmentation genes associated with albinism. Hum.
Mutat. 13: 99-115.

Beltramini, M., B. Slavato, M. Santamarian, and K. Lerch. 1990. The reaction
of CN™ with the binuclear copper site of neurospora tyrosinase: its relevance
for a comparison between tyrosinase and hemocyanin active sites. Biochem.
Biophys. Acta. 1040(3): 365-372.

Kubo, I., and I. Kinst-Hori. 1999. Flavonols from saffron flower: tyrosinase
inhibitory activity and inhibition mechanism. J. Agric. Food Chem. 47:
4121-4125.

Kuriyama, T., M. Fujinaga, T. Koda, and J. Nishihara. 1998. Cloning of the
mouse gene for D-dopachrome tautomerase. Biochem. Biophys. Acta. 1388:
506-512.

Ros, J. R., J. N. Rodriguesz-Lopez, and F. Garcia-Canovas. 1993. Effect of
L-ascorbic acid on the monophenolase activity of tyrosinase. Biochem. J. 295:
309-312.

Wilcox, D. E., A. G. Porras, Y. T. Hwang, K. Lerch, M. E. Winkler, and E. L
Solomon. 1985. Substrate analog binding to the coupled binuclear copper
active site in tyrosinase. J. Am. Chem. Soc. 107: 4015-4027.

Mason, H. S. 1956. Structure and fuctions of the phenolase complex. Nature
177: 79-81.

Pomerantz, S. H., and V. Murphy. 1974. Purification and properties of
tyrosinase from vibrio tyrosinaticus. Arch. Biochem. Biophys. 160: 73-82.
Hearing, V. J., and J. M. Ekel. 1976. Mammalian tyrosinase: a comparison of
tyrosine hydroxylation and melanin formation. Biochem. J. 157. 549-557.
Menter, J. M., L. M. Cornelison, L. Cannick, A. M. Patta, J. C. Dowdy, R. M.
Sayre, [. K. Abukhalaf, N. S. Silvestrov, and 1. Willis. Effect of UV on the

- 143 -



susceptibility of acid-soluble Skh-1 hairless mouse collagen to collagenase.
Photodermatol Photoimmunol Photomed 19(1): 28-34.

38. Kertesz, D. 1951. Copper, polyphenol oxidase (tyrosinase), catechol and
ascorbic acid. Bull. Soc. Chim. Biol.(Paris). 33: 1400-1405.

39. Battaini, G., E. Monzani, L. Casella, L. Santagostini, and R. Pagliarin.
2000. Inhibition of the catecholase activity of biomimetic dinuclear copper
complexes by kojic acid. J. Brol. Inorg. Chem. 5. 262-268.

40. Canabas, J., S. Chazarra, and F. Garcia-Carmona. 1994. Kojic acid, a
cosmetic skin whitening agent, is a slow-binding inhibitor of catecholase
activity of tyrosinase. J. Pharm. Pharmacol. 46: 982-985.

41. Hori, 1., K. Nihei, and I. Kubo. 2004. Structural criteria for depigmenting
mechanism of arbutin. Phytother. Res. 18(6): 475-479.

42. lkeda, T., and T. Tsutsumi. 1990. Function and skin depigmental activity of
crude drugs. Fragrance J. 18: 59-66.

43. Kim, Y. M., J. Yun, C. K. Lee, H. H. Lee, K. R. Min, and Y. S. Kim. 2002.
Oxyresveratrol and hydroxystilbene compounds: Inhibitory effect on tyrosinase
and mechanism of action. J. Biol. Chem. 277(18): 16340-16344.

44. Peter, E, and 1. H. Maibach. 2000. Cosmeceuticals: Drugs vs. Cosmetics.
pp. 123-145. Marcel Dekker, New York.

45. Pawelke, J. M, and A. M. Korner. 1982. The biosynthesis of mammalian
melanin. Am. Sci. 70: 136-149.

46. Iyenhar, R, and A. J. Mcevily. 1992. Anti—browning agents: alternatives to the
use of sulfites in foods. 7rends Food Sci. 3: 60-64.

47. Vamons—Vigyazo, L. 1981. Polyphenol oxidase and peroxidase in fruits and
vegetables. Crit. Rev. Food Sci. Nutr. 151 49-127.

48. Mills, A. A. 2001. Changing colors in mice: an inducible system that delivers.
Genes Dev. 151 1461-1467.

49. Perez—Bernal, A., M. A. Munoz-perez, and F. Camacho. 2000. Management of
facial hyperpigmentation. Am. J. Clin. Dermatol 1. 261-268.

50. Strurm, R. A., N. F. Box, and M. Ramsay. 1998. Human pigmentation
genetics: the difference is only skin deep. Bioessays 20: 712-721.

51. Busca, R, and R. Ballotti. 2000. Cyclic AMP a key messenger in the
regulation of skin pigmentation. Figment Cell Res. 13: 60-69.

- 144 -



52. Findly, G. H. 1982. Ochronosis following skin bleaching with hydroquinone. J
Am. Acad. Dermatol. 6(6): 1092-1093.

53. Hiil, H. Z., W. Li, P. Xin, and D. L. Mitchell. 1997. Melanin: a two edged
sword? Pigment Cell Res. 10(3): 158-161.

54. Hearing, V. J, and M. Jimenez. 1987. Mammalian tyrosinase—the critical
regulatory control point in melanocyte pigment. [nt. J Biochem. 19:
1141-1147.

55. Prota, G. 1980. Recent advances in the chemistry of melanogenesis in
mammals. J. /nvest. Dermatol. 75 122-127.

56. Pavelm, S, and F. A. Muskiet. 1983. Eumelanin(precursor) metabolites as
markers for pigmented malignant melanoma, a preliminary report. Cancer
Detect. Prev. 6: 311-316.

o7. Bell, A. A, and M. H. Weeler. 1986. Biosynthesis and function of fungal
melanin. Ann. Rev. Phyrophathol 24: 411-451.

58. Lerner, A. B, and T. B. Fitzpatrick. 1950. Biochemistry of melanin
formation. Physiol. Rev. 30: 91-126.

59. Mishima, Y., S. Hatta, and Y. Ohyama. 1988. Induction of melanogenesis
suppression: cellular pharmacology and mode of differential action. Figment
Cell Res. 11 367-374.

60. Matubara, H. 1998. Inhibitory effect of lichen metabolites and their synthetic
analogues on melanin biosynthesis in cultured B-16 mouse mealnoma cells.
Natural Product Sciences 4(3): 161-169.

61. Oetting, W. S, and R. A. King. 1999. Molecular basis of albinism: mutations
and polymorphisms of pigmentation genes associated with albinism. Hum.
Mutat. 13: 99-115.

62. Choi, B. W., B. H. Lee, K. J. Kang, E. S. Lee, and N. H. Lee. 1998.
Screening of the tyrosinase inhibitors from marine algae and medicinal plants.
Kor. J. Pharm. 29(3): 237-242.

63. Matsusukami, M. 1995. Evaluation of antimelanogenic effects. Fragrance J.
19(1): 14.

64. Kubo, M., and H. Matsuda. 1995. Development studies of -cuticle and
medicainal drugs from natural sources on melanin biosynthesis. Fragrance J.

8: 48-55.

- 145 -



65. Dooley, T. P., R. C. Gadwood, K. Kilgore, and L. M. Thomasco. 1994.
Development of an in vitro primary screen for skin depigmentation and
antimelanoma agent. Skin Pharmacol. 7(4): 188-200.

66. Chen, J. S., C. Wei, and M. R. Marshall. 1991. Inhibition mechanism of Kkojic
acid on polyphenol oxidase. J. Agric. Food Chem. 39: 1897-1901.

67. Galeazzi, M. A. 1984. Behavior of polyphenoloxidases in food. Arch.
Latinoam. Nutr. 34: 269-289.

68. Perez-Gilabert, M, and F. Garcia-Carmona. 2000. Characterization of
catecholase and cresolase activities of eggplant polyphenol oxidase. J Agric.
Food Chem. 48: 695-700.

69. Hearing, V. J. 1999. Biochemecal control of melanogenesis and
melanosomal organization. J. Invest. Dermatol. Symp. Proc. 4. 24028.

70. Takeshi, K., U. Kazunori, W. Alion, J. C. Celia, L. Genji, B. Timothy, S.
Francisco, G. B. Jose carlos, and V. J. Hearing. 1994. Tyrosinase related
protein 1 (TRP1) functions as a DHICA oxidase in melanin biosynthesis.
EMBO. J. 13(24): 5818-5825.

71. Yoshida M, Horotsu S, Nakahara M, Uchiwa H, and Tomita Y. 2002.
Histamine is involved in ultraviolet B-induced pigmentation of guinea pig skin.
J. Invest. Dermatol. 118, 255-260.

72. Yoshida Y, Hachiya A, Sriwiriyanont P, Ohuchi A, Kitahara T, Takema Y,
Visscher M, and Boissy RE. 2007. Functional analysis of keratinocyte in skin
color using a human substitute model composed of cells derived from different
skin pigmentation types. FASEB J. 21, 2829-2839.

73. Q1 XF, Kim DH, Yoon YS, Li JH, Jin D, Deung YK, and Lee KJ. 2009. Effects
of Bambusae caulis in liquamen on the development of atopic dermatitis—like
skin lesions in hairless mice. J. Ethnopharmacol. 123, 195-200.

74. Hurley ME Guevara IL, Gonzales RM, and Pandya AG. 2002. Efficacy of
glycolic acid peels in the treatment of melasma. Arch. Dermatol. 138,
1578-1582.

75. Barbosa-Barros L, Barba C, Cocera M, Coderch L, Lopez-Iglesias C, de la
Maza A, and Lopez O. 2008. Effect of systems on skin properties. Int. J.
Pharmaceut. 352, 263-272.

76. Lim Yj, Lee EH, Kang TH, Ha SK, Oh MS, Kim SM, Yoon TJ, Kang C, Park

- 146 -



JH, and Kim SY. 2009. Inhibitory effects of arbutin on melanin biosynthesis of
a—-melanocyte stimulating hormone-induced hyperpigmentation in cultured
Brownish guinea pig skin tissue. Arch. Pharm Res. 32, 367-373.

77. Tobiishi M, Haratake A, Kaminaga H, Nakahara M, Komiya A, Koishikawa H,
Uchiwa H, Kawa Y, and Mozoguchi M. 2004. Pigmentation in intrinsically aged
of Al guinea pigs. Pigment Cell Res. 17, 651-658.

78. Cho HS, Kwak DH, Choi IS, Park HK, Kang SJ, Yoo HS, Lee MS, Oh KW,
and Hong JT. 2009. Inhibitory effect of proanthocyanidin on ultraviolet B
irradiation—induced melanogenesis. J. Toxicol. Environ. Health part A. 72,
1475-1483.

79. Beltramini, M., B. Slavato, M. Santamaria, and K. Lerch. 1990. The reaction
of CN  with the binuclear copper site of neurospora tyrosinase: its relevance
for a comparison between tyrosinase and hemocyanin active sites. Biochem.
Biophys. Acta. 1040(3): 365-372.

80. Kubo, I, and I. Kinst-Hori. 1999. Flavonols from saffron flower: tyrosinase
inhibitory activity and inhibition mechanism. J. Agric. Food Chem. 47:
4121-4125.

81. Kuriyama, T., M. Fujinaga, T. Koda, and J. Nishihara. 1998. Cloning of the
mouse gene for D-dopachrome tautomerase. Biochim. Biophys. Acta. 1388:
506-502.

82. Ros, J. R., J. N. Rodriguez-Lopez, and F. Garcia-Canovas. 1993. Effect of
L-ascorbic acid on the monophenolase activity of tyrosinase. Biochem. J.
295: 309-312.

83. Wilcox, D. E., A. G. Porras, Y. T. Hwang, K. Lerch, M. E. Winkler, and E. L.
Solomon. 1985. Substrate analog binding to the coupled binuclear copper
active site in tyrosinase. J. Am. Chem. Soc. 107: 4015-4027.

84. Mason, H. S. 1956. Structure and fuctions of the phenolase complex. Nature
177: 79-81.

85. Pomerantz, S. H, and V. Murphy. 1974. Purification and properties of
tyrosinases from Vibrio tyrosinaticus. Arch. Biochem. Biophys. 160: 73-82.

86. Hearing, V. J, and J. M. Ekel. 1976. Mammalian tyrosinase: A comparison of
tyrosine hydroxylation and melanin formation. Biochem. J. 157: 549-557.

87. Kubo, 1., . Kinst—-Hori, S. K. Chaudhuri, and Y. Kubo. 2000. Flavonols from

- 147 -



38.

89.

Heterotheca 1nuloides: tyrosinase inhibitory activity and structual -criteria.

Bioorg. Med. Chem. 8(7): 1749-1755.

Yong, G., G. Leone, and K. G. Stroth. 1990. Agaricus bisporus

metapotyrosinase: Preparation, characterization, and conversion to
mixed-metal derivatives of the binuclear site. Biochemistry 29(41):

9684-9690.
Wang, G., J. J. Xu, L. H. Ye, J. J. Zhu, and H. Y. Chen. 2002. Highly sensitive

sensors based on the immobilization of tyrosinase in chitosan.

Bioelectrochemistry 57: 33-38.

- 148 -






1. 94 A3

ATALAAY 4% 2 FEIE ohu 2

7F.

-
it

(1) AT %

- o L |
my | | - !
~ Lo Lo Do |

Ly ) ) |

B I B

@) m m m |
| = m m m m
H . m m m m
% m o — m — — m N [N m ap)
RS m m m m
oF R llo m m m m
N m m m
o | WL | m |
g ! ! ! !
o T m m m
H oF ! ! ! !
k Ay ! ! ! W
Mo ” ” ” ”
e | XE | | | |
T O ! ! ! W
o3 m m m m
s W W W !
Hr m m m m
Moo | | W |
oo | | | |
O ! ! ! !
o W W L
to ! ! ! !
3 ! ! ! !
ur — ! ! ! !
Mﬁﬂd — m — — m [a\] m (a\] m o
BT | e e [ o
o N O I
e ! * ! * ! * !
Y U w~ M =
X A & =

A
Hr
ojo
Ty

7}

0

A

(2) A+

O]— :

71&d Al (o] )

T

- 149 -



u =2 AA 43

A )
A o SCI
o =59 wA |z =A% | Vol.(No.) ﬂu i
= T A A} T =
A=} | A=}
AEATA o3 a4 g
2009 o ] Sl 76D
g rhapontigeninAg4F % @z} A |\ AAT DG 8] | A FE 19-54 =] | H]SCI
h 73 A 8l 3]4.
Evaluation of the Antibacterial
Activity of Rhapontigenin .
2010 v ponee ] o
4 Produced from Rhapontin by |7 73| < 3] Microbiol. 87 = | SCIE
= Biotransformation against Biotechnol
Propionibacterium acnes
2010 Biotransformation of mulberroside A J. Ind. 7
from Morus alba results in AR (DA g Microbiol. ’ = A | SCI
d R A ° , 631-637
enhancement of tyrosinase inhibition Biotechnol.
o ) Food and
Inhibitory effect of mulberroside A )
2011 dits derivati | is [z o) eg 8|z Chemical 49, 24| sc
and its derivatives on melanogenesis |9} -
a | ° on metanosen PO Poxicolog |3038-3045
induced by ultraviolet B irradiation
y
) R Journal of | In press
Evaluation of the inhibition of
. Enzyme (DOLI:
mushroom tyrosinase and cellular .
2011 . o ) Inhibition | 10.3109/
tyrosinase activities of 174D g vkt
d i ) and 14756366
oxyresveratrol: comparison with .
i Medicinal |.2011.598
mulberroside A .
Chemistry | 866)




o. s3uxE 43

] 2}
i
=y 5913
o]
e LAl 5
744
A A} | 2}
Evaluation of the antibacterial Bl m| A &
2009 | activity of rhapontigenin produced )
7] o] o] ] 71 A A\ L33
9 | from rhapontin by biotransformation dvtel 092 we 413 et
against Propionibacterium acnes

(2009 64)

Evaluation of the Inhibition of Melanin
2010

P A8
Lﬂ Synthesis of the Extract from Morus | 9943 | U3 A+ A 38t 3]
h alba by Biotransformation (2010 64)
Biotransformation enhances rhapontin 3k n] A B
2010 o . . . . o
a antimicrobial activity and provides clues | 913 38] | < 3] A A vy 35} 3
to its mechanism of action (20104 6¢)
Biotransformation of Rhapontin from 5220 2 1) 53]
2010 } } Elnia Rk eige
Rheum undulatum Enhances its Inhibition| o] | L3 g A K !
5 (20104 64)
of Melanin Synthesis
Inhibitory effect of mulberroside A Spatm) A 2 AT
20114 |and its derivatives on ultraviolet B| ¥F<tef | <13 3] A=

o 3]
(20114 64€)

irradiation—induced melanogenesis

- 151 -



8 43

7 =

o]

Yo &
Jlﬁ
o Wr
T Lo
o o/
€3 i
wjr Lo
o o
il oy
Ho wjr
W W
to B
| | |
& 22 = g 2
N & 9= = T =
S o S o S o
F N o T o T T
AT T o T B T B
o My omR ol o & = o
of- o O WO o T B T % TO N
7o iy " TR oo R N RE S
o} ~
" Ry | mi® | nw
i = ~ = X 3
| o F M 3 F M oy °F
» (i i
o B oy X° N o X R
_&.E _— N ;Imﬂ N ,L§| " Fﬁ
5 — Hp —= v =
E#ﬁ "o _ZT.: OLO o Z.E ﬁo ﬂ :.L
0N = S ol
5 _ o 5 _ o o
En Eln TR
Gza | 955 | T
o e B o e ® o T
U = g = g =
w8 SIR= 8 = S8 =

. 71€8 AS

ol Ad 3 4%

on
P
O

B2

oy

: A}

(1) 1A=
(2) 22hd &=
(3) A=

: Mulberroside A A&3} (

. Oxyresveratrol #|3&3} of % (

Oxyresveratrol-glucose |

- 152 -



Hh AHEE/FA A

(1) AFA 9 A3

A9 WA (39, A5 3
9]
F9
’ sab | AR | s | e | | g | R i
o
12 4 5 3 5) 7

e
ZEaH Z2a9 )& W& 7) . W&
HEEES
Oxyresveratrol 2]
71ed AFE R Al o o] g A °F 1 20
o] okF
VA SR 8 A&
Who] © A1 8t v e 1& )
o) =¥ o] gtk Zd A wm] A e LR 1 50
=1
o 7 SEES

2. TojE o] 3 o)Al VAA FojA S
Tl gl

e

- 153 -




3. AFH APAA

ME | s A% 5 A48 zel
48,000 48,000
SEREE
o1 AW 20,400 20,400
CERIRE
22,000 22,000
2 A 90,400 90,400
As 38,001 38,001
A7) A} Eo
A - -
25 H] AT EH 9,000 9,000
AT 8,999 8,599
E| 55,600 55,600
EEEE S - -
FAE B 9,000 9,000
ATFALGH] Fo 155,000 155,000

- 154 -




	상백피 추출물의 효소 가수분해에 의한 피부 미백제 개발
	요약문

	보고서 목차

	연구개발결과
	Ⅰ. 서론
	1. 기능성화장품
	1.1. 기능성 화장품의 정의 및 유형
	1.2. 기능성 화장품의 시장 규모
	1.3. 기능성 화장품 원료의 종류

	2. 미백 제품
	2.1. 미백제품의 정의 및 유형
	2.2. 미백 제품 원료의 작용 및 기전
	2.3. 천연 미백원료 개발의 필요성

	3. 멜라닌(melanin)
	3.1 멜라닌의 개요
	3.2 멜라닌의 생합성 경로
	3.3. 멜라닌 생성 억제 기작
	3.4. Tyrosinase
	3.5. Tyrosinase inhibitors
	3.6. 미백원료 개발과 연구 동향

	4. 생물전환
	4.1. 생물전환의 정의 및 연구동향
	4.2. 생물전환의 연구 개발 필요성 및 중요성
	4.3. 생물 전환의 연구 사례

	5. 상백피
	5.1. 상백피의 종류 및 미백효과
	5.2. 스틸벤의 정의 및 유도체

	6. Oxyresveratrol
	6.1 Oxyresveratrol의 연구사례 및 효과

	7. 연구목적

	Ⅱ. 실험 재료 및 방법
	1. 실험재료
	1.1 시료
	1.2 시약
	1.3 기기
	1.4 실험 동물

	2. 실험 방법
	2.1 HPLC 분석 조건
	2.2. Mulberroside A와 oxyresveratrol의 TLC 분석
	2.3. Mulberroside A와 oxyresveratrol의 분자량 및 구조 분석
	2.4 Tyrosinase 활성저해 실험
	2.5 Mushroom tyrosinase 효소 활성억제 기작
	2.6 Streptomyces bikiniensis를 이용한 멜라닌 생성 억제효과 측정
	2.7 상백피 추출물의 제조
	2.8 멜라닌 생성세포를 이용한 세포내 tyrosinase 활성 저해 및 melanin 생성억제
	2.9 UV 흡수력에 대한 실험
	2.10 효소전환 생성물에 대한 항균활성 측정 실험
	2.11 항산화 실험
	2.12 동물 실험
	2.13. Oxyresveratrol의 안정성 실험
	2.14. Oxyresveratrol, Oxyresveratro-3-O-glucoside의 피부자극성 및 감작성 시험


	Ⅲ. 연구 결과
	1. 상백피 추출물의 성분 분석을 위한 HPLC 분석 조건 확립
	2. 원산지별 상백피의 함량비교
	3. 상백피로부터 유효성분의 효율적인 추출 조건 확립
	4. 생물전환에 의한 상백피 추출물의 유효물질 변환 확인
	5. 최적 생물전환 조건의 확립
	6. 효소전환된 생성물의 정제 및 구조 확인
	7. Oxyresveratrol 및 비교물질 들의 tyrosinase 활성저해 비교 결과
	8. Mushroom tyrosinase 효소 활성억제 기작 결과
	9. Streptomyces bikiniensis에 의한 melanin 합성저해 결과
	10. 멜라닌 생성세포를 이용한 세포내 tyrosinase 활성 저해 및 melanin생성억제
	11. UV 흡수력 측정 결과
	12. 항균력 측정 결과
	13. Oxyresveratrol의 안정도
	14. Oxyresveratrol의 항암효과
	15. Oxyresveratrol의 분리정제
	16. Oxyresveratrol-3'-O-β-glucose의 분리정제
	17. 항산화시험
	18. 동물실험을 이용한 미백효과 측정
	19. Oxyresveratrol, Oxyresveratro-3-O-glucoside의 피부자극성 및 감작성 시험

	Ⅳ. 결과 요약
	Ⅴ. 참고문헌

	연구성과
	1. 연구 성과
	2. 구매금액이 3천만원 이상인 기자재 구매현황
	3. 연구비 집행실적
	4. 중요 연구 변경사항





