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L ok & AFeAN = s FE=2 kst &4, elo]ZAIUlo] = (tyrosinase) Adl /35 FIskAth th3e] 50 %
ofghbE FE&, ldotME|o]| E(ethyl acetate) &8, o=@ (aglycone) & 0% AFE Y3t U8} FE2E=
<] DPPH (1.,1-diphenyl-2-picrylhydrazyl) Z2718/d (FSCs0) < W34 Q1 AFskAIQ1 (+)- @ -tocopherol B.tF W2 A ©.
2 Yebsth. Luminol -39S 0] 48 Fe' -EDTA/H0, Alolx AR STl gt olZ2 2 B39 2784
(F FAHals, 0SCso)-> 0.265 ug/mLE v 2 249-& Yehleh ti8 3552 rose-bengal® F7HE 0,00 sz

A gylo] i3t AER T T BE BHoM L oEH (1~50 ug/mL) o2 71819 o, 53] ofZFg &

& 10 pug/mL FEA 75°] 757.0 minC.®E H2 AXE 1S 245 JeERSIth dist 25 5 ol=dE %%}«1
Elo] ZAH|o] = A&l 43 (ICs) 2 11.20 ,ug/mLOE 226.88 ug/mLS1 -8l (arbutin) Bt} & 48 BoIF) o
ol ANEERH U3 FE2ES AT E A EV‘W}X'HE 0]37}—&‘:’1 53] olz | 8] dAA st dats)
28 2 Z Eo]ZAlo]= A3 mdE —rE1 olF 8 F3 FFLEEA S8 TFsAdel F5 & T AUtk
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Abstract: In this study, the antioxidative effects and inhibitory activities on tyrosinase of Rheum undulatum (R,
undulatum) L. extracts were investigated. 50 % ethanol extract, ethyl acetate and aglycone fractions of K. un-
dulatum L. were used in experiments. The DPPH (1,1-diphenyl-2-picrylhydrazyl) scavenging activities (FSCso) of
R. undulatum L. extracts was lower than (+)- @ -tocopherol, known as a typical antioxidant. Reactive oxygen species
(ROS) scavenging activities (OSCs) of aglycone fraction on ROS generated in Fe’ -EDTA/H;0; system using the
luminol-dependent chemiluminescence assay showed the most prominent effect at a concentration of 0.265 ug/mL.
The cellular protective effects of extract/fractions of K. undulatum L. on the rose-bengal sensitized photohemolysis
of human erythrocytes were increased in a concentration dependent manner (1 ~ 50 ug/mL). Especially, aglycone
fraction in 10 ug/mL concentration showed the most protective effect among extracts ( zs. 757.0 min). The in-
hibitory effects (ICsp. 11.20 pug/mL) on tyrosinase of aglycone fraction was much higher than arbutin (226.88 ug/
mL), known as a whitening agent. These results indicate that R. undulatum L. extracts can be used as antioxidant.
Particularly, aglycone fraction of K. undulatum L. showed superior antioxdative activity and high inhibitory effect
on tyrosinase. Therefore, aglycone fraction of R. undulatum L. could be applicable to new functional cosmetics.
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) 27F w3lels gelo® A WA w3het 4
= 7 T, o] & Alztel] &gt ApAZ] @it
4 sk AlQlstar, s ATt F sl A
I ATH2-4]. F wslel dist oy o]BRE F Xer
ZF kS (free radical theory)eoll &3] =37} 13
FAehE AH g2 AE o9 7)1E ohekst ‘?i:rL
3 W2 AV A E o] 2o|u5-7]. AT g
Aol oJshH /At AF(reactive oxygen species,
ROS)Z WA, 29 Sollo ez, 7o &4, A
o] Asleha wkgell s AdEnh olgdA A
ROS+= F4-9] B2 A S AFsAl7]31 MMPs &<
a4 WS BEEAA IF A LY FElE FH
At} Al dlFel= ROSY 22 41314 g4 o=
FH 2AAE BEskE ksl HES A7 EAskET,
ROS7} #t=stA| A4 749 ol &t 3Hiksl MES S
Wb o oy 7HA FAE oAtk AL de A itk
[8-101].
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superoxide anion radical (O: "), hydrogen peroxide
(H,0»). singlet oxygen ('O.), hydroxyl radical ( * OH)
5} o]5o] Eaxst A ake) qh-g-SstA A A d B = per-
oxyl radical (ROO *), alkoxyl radical (RO * ), hydro-
peroxide (ROOH) = ¥3g3tt{11,12]. 0|23t &dAt
AT T WA A o v A 5S B
71WA 3hE 745l AT 3], o) &} 2 AkshE] §
7ol x2¥ J5-o T4 e A FASAE BFA
ATH, 95 24| 8] kst YELAE 3|5A17]aL, =
< Ao R Q3| Aalo] HA AbslEHA IH 24
S H3S53It} o] & BHA (butylated hydroxyanisole),
BHT (butylated hydroxytoluene) &} 22 &4 3FAakalA)
=9 A9 BF AR Al SAS YERE o Bl
Ha ok wpeb dAle kst ksl a ot Ho
W HA FAksHA] Ato] EietA o] FoiR an QI 14].

W3 (R, undulatum L.)< vFE]E 3} (polygonaceae) ]
&3le thadA 2EAEZ wgdlo] L= 2o B
AZAA A2 AFEsit) AREA o2 Afsl, Fod, 71
& T oy 7] HA O R ARE AL QIeH 15]. thEe] of
A= thekst AT[16-2017F Rg =] o] gt} 1 Foll=
Abe[16,18] 9k, EfolZ=A o]z &4 Ao #s A
T19.20]1% X o] glrk apA|ut 2k ROS7F A &)

S

uietslggeha] =), Al 378 Al 4 %, 2011

L Fe''-EDTA/H,0, AlolA el Eaatslsy 10,02
FEE AEedl g Fast 44 nusel YA
ker7]ef olof thiet ATE F3 F ] AHH o= vF
st e ojge) a3} 5 Asinad 5
o} B3 50 % oete FEE odolAHolE B3,
olzglE B3 5 3714 B3 3t glo] 2 AJY|o] = A3
w3} Aols Asu A sk

2. M2 o A

2.1. 7171 & Alek

UV-visible spectrophotometer= Varian (Australia)
AFe] Cary 50, A& 323 A28k Spectronic 20D
+ Milton Roy Co. (USA) A%, 3}8Mik47]+= Berthold
(Germany)AFe] 6-channel LB9505 LTZE, pH "E+=
Istek (Korea)Al A& AHE-SFSITH

EDTA, F1|%, 8|33, =7# 2 A% rose-bengal,
AHreteZE gl AFE-SE 1,1-diphenyl-2-picryl-
hydrazyl (DPPH) 2}t]Z-2 Sigma Chemical Co. (USA)
oA F+¢Jste] ARE-SHSITE 71EF FeCly6H,OF Junsei
Chemical Co. (Japan) A%<, H:0»= Dae Jung Chemi-
cal & Metals (Korea)Al Al AHESFITE &8
Xﬂioﬂ /‘P%% NazHPO4 * 12Hzo, NaHzPO4 . 2H20, NaCL
H,SO,, 18] 31 o8& (EtOH), " (MeOH), ol€o}
AlHO] E(EtOAC), A4t & 2+ &l Al 555 Aok
= ARESETE 71A 2 ARE-E L-Elo] 2413} N-succin-
yl-(Ala)s-p-nitroanilide, &4 AHE-% Efo]2A¥jo] =
(11.9 mg solid, 4,276 units/mg solid)+ Sigma Chemical
Co. (USA)olA §lste] ARSI vl a4 Z AR
3l (+)- @ -tocopherol (1,000 TU vitamin E/g), L-ascor-
bic acid, &F82 Sigma (USA)NIA F4315 0 A ¢
of AR g A E 20119 62 AEA A T8k
o] AR&-33iTt.
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Ak 50 % AEHE FEE ofdolAHolE 738 o
T 2 BF 40 T olstelld xFsksich

oeotAEHolE oA AL 391 02 g A 7F
T8l RESAIA Fol AA ® ol v Ao A
Yol ARE3iTE A3 e oldotAEo|E s E
H,SO, & opAlE g8 Q31 70 CollA 4 h E9F =8
7tdstaA $H - WAAIRITE SERAIZD §9S 5 %
KOH-MeOH &4o 2 F3} %

A AobAFelE S8 sl ol 3 S5l

23 g FE=9 et g £

2.3.1. DPPHHE o|Z¢et Rirefr(dr &4 &
DPPHE Hlw 2] ks AHretr] =z Ao 583t
7] golst E4olal, Afepr - 1 e oflyAE <l
af 972 oy 24& et o WA Fo R IF
el Ede dovle Zlow duEA k. wEbA
DPPHE ©]-&sto] tist FE=ol thsh 2l Ze 4
AdE SAET A vgkEe] &9 0.2
mM DPPH £ 1 mL, olek2 1 mL, T}t 5 =9 o
EE 1 mLS T3 § 224 10 min &<t {F
/\] 7HS F 31 spectrophotometer® 517 nmellA &3 =
Z74390ch 274 8492 DPPHY F%7F50 % #a
=4 23t A 59 5E(free radical scavenging ac-
tivity, FSCso, ug/mL) 24 32718F3i k. ke ZHDPPH)
24 8(%)S tha AS Fa8 AAkereith

_\ﬂ it olo oX?L'

(AExpenment - ABIank)

Control

Inhibition (%) = {1 - [ 1} x 100

232, R0Ols LHS 0|25 Fe® -EDTA/H.0; Aloll U
M At A0 & (+°W2+—)

Fe'' -EDTA/H.O. Al A= Fe* -EDTA ] Zj] =&
© 2 108 A )8kar thF-E2] ROS (0,7, + OH, H.0,)
7} BAEt) o]e A AAE ROSS AES Fr|ss 3
7Fske] ROSL Frl=o] wkg-a u] &5 = slshikg o
2 FA5 4 Qi weEhA o] AE o]gshd oe 7ix
ROS| st & atskss 59 4 Slth

slshity 248 FH| /7 178 mLe FE55
Y1 25 mM EDTA 40 uL @ 5 mM FeCls - 6H0 10
ULE 718t 335 mM F1)i 80 uLE Wi 4o] Flok

5 min &< &2 A1 & WS JRAAIZA HO, (150

mM) 40 L& ¥ sle 37 E o] 83l spEhitgs 25

min &<t SIS 27 (control) & A &5 A3}
[e)

ol
il

3 Al st &ulE 9olal, FAIE (blank) &
ROSE A7 28 &4 HgOzQ]- FeCl; - 6H,.0&
A Qe YAz AT 2710 FLsHA Sk
Gdaka A2AZAC A7) skshibge] Al717F 50 %
7Hew=d) Q3 A F.9] F % (reactive oxygen species
scavenging activity, OSCsy, ug/mL)EA 327133t
AR A& (%)t As o83l AAtskTh

i)

-

(Control®] cpm - Sample®] cpm)
Inhibition (%) = x 100
(Control®] cpm - Blank?] cpm)

24. Z2€HE 0|2 MEES 21t FF

Al AETE o E ke 3 Al Y
e AEe PALel @ AEed waz 43
Qo) wrk B Atae] & A FATBLS, Tl AL
3} 23 FatshAe) st 9 AR sha) 5 o) A

& ol g3to] Fob 5= gk, Folnok Al TR A
0] SI e WOlR Sl A HERAL
Asper] Yold Ak fo 4ET AXLE ol gHTh:
x%o] N;dx%o]l:]. D}E]-/ﬂ o] Nzﬂtﬁo o]% o% FA) AL
2ol Higk HAds FEE AERT a3 S

ATt

241 M SEMH H|=

AT A7E A FHESE Atk A SA
slatedo] 7t Aol W F 3,000 rpmO® 5
min & At st Aol S st &
23 Ad= 09 % saline phosphate buffer (pH 7.4,
NapHPO; * 12H,O 9.6 mM, NaH,PO, - 2H,0 1.6 mM)
2 33] yHgato] AlFeqit) st AE=4 T 9
Zare] ByshAA] ARESElal, BE A AlE 9 24
h olulell gt Aol Ag-¥ A5 e 700
nmellA O.D.7} 0601 ojw AF+ = ¢F 15 x
0" cells/mLo] T},

2.4.2. =

AP @5 35 mLE ol Al #H(No. 9820)
o 9o 3 oyl rE Yyt 285 7~ LSO,L(LM] =]
7¥stdeh §hael A 30 min F<F vl F2uFAIR F
F5 A rose-bengal (12 uM) 0.5 mLE 7}8faL J]-E]-

FE=° Z8€ oA 2
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ks *]%%% F35 Jﬂsﬂol H =S )

ARsEiTh FRAPE e F oF
(post—1ncubat1on of gt A9 P EE 15 min
FA S % 700 nmollA F33 % (transmittance, %) = 5-E
TGt o] TpFelA A dg e FFE FTh=
A3 L8 Lo vyt RE 43L& 20 T &
Aol A Batgih o<t —7‘1“% o F&del vx= 5
© 9 A PR Y HEERE 4
79 50 %7t &d= = ’\] k1 rse ko] vl stk

2.5. EIO|ZA|H|0|= Ko &X

71741 L-gfo]24lo] HFAk=R! Hepdo] &&= 74
% 7HE o3 32 Elo] 2 Avlo] ek &4t o
St 2719 F Woll 4x1 AbsiRbg-o|t}, o1 o] 9] kg
& 2R o w e E7] wiEe] Efo]Z=A o] = HH-g-o]
AA Hbg S25 A5k dAlo|th kA Efo]2A
vlo]z=9] Asgd S nuEd S S8kt ule T2
3itt L-elo]ZA1 (0.3 mg/mL) 1.0 mL, potassium
phosphate buffer (0.1 M, pH 6.8) 1.85 mL, A& 0.05
mL, 0.1 mL Blo]2Adlo]=5 E3Fsk 5 37 TollA 10
min &< &= vjkst ohs, WHEE
go] "2 EZAA7)3L, 475 nmellk
Atk A= golZAMo)l = @3S 50 % A=
g He3 A &2 F%(inhibition concentration, ICs,
pg/mL) & %718kt

26. EAIXE]
BE Qe 33 wEAgn FARNL 5 % F5

=
[e)
Z=o| A Student's t-testZ 3t}

3.1.1. DPPHHE 0|88t A7eiC|d A Ed
(+)-a-Tocopherol, ZelHxo|E T2 FALsHA|=
A A7kt WS- 22o] A -8l golZel 98] AA
oAl dojupi= of g 7FA] &4 HhgolA ghr e &

uietslggeha] =), Al 378 Al 4 %, 2011

2 %35

g FE=9 7| AYe dakEAE dER
(+)- @ -tocopherol®] etz 2ADY 54 A3
Figure 1] YAt} A= Arebe]ZE 50 % 47
st B2 F%9 FSCs (free radical scavenging
concentration) & WERASITE t31e] 50 % oll&hE =&
591 74$ FSCs0°] 19.23 + 0.53 ug/mL, ol&olAlEo]| E
230 1808 + 103 ug/mL, o}Fe]E £ 1955 +
0.05 ug/mLO.% YEFsT) t3e] o dotAEo]E 3
o] 7 Attt AaAGA o] =& Ao E YERL
1 tol 50 % oEE FEE, ofEEE Y AR
YEREAINE @ A0S uE e W e ERkst xo] 7}t
Atk H7] ofHr} HunEAE /\} St (4+)- @ -toco-
pherol®] A2 2 AL + 293 ug/mLo]
o} ole} 22 dlolH el &3k, }vﬁ‘r‘:VeL 2AG
M= 3] 50 % olghs FEE, cldopEHolE 9,
ol £&o] u|wEHQ (+)- a-tocopherol Bt} B
& S 2 A o% YERtH(Table 1). 3FA%E o] gk
< Ol wWol x3tEo|gls dAkst 24E 2 gy
Xﬂl‘/]/\Eﬂ 21(1756.56 + 10.02) 3} ¥l akslS wl=[21] 4

58] B FAR, S FEEC A gdEd &7 5

o] &= A3tk

Table 1. Free Radical Scavenging Activities of Extract
and Fractions of K. undulatum L. and Reference
Compounds Using DPPH Method

Scavenging activity

Compounds
(FSCso, ug/mL)

Extract and fractions of R. undulatum L.

50 % EtOH extract 19.23 + 0.53

Ethyl acetate fraction 18.98 + 1.03

Aglycone fraction 19.55 £ 0.05
References

(+)- a -Tocopherol 898 + 293

Genistein 1756.56 + 10.02
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31.2. R0lE LBYE 0|25t Fe’ -EDTA/HLOAH0H L01
M gyt 2 B (ESELHES)

Fe’" -EDTA/H,0; 711413 Fenton ¥H-¢l 2] ROS
7F A4 =3, A E ROSE FrlEE AbsiA|zitt Abst
H FrES ST A oz gato] Har, thA] vt
g AHE oA A ‘%%(420 ~ 450 nm)& 3= A
o= duA vkt FEE2 T FAsksel st
= @44 AASA S Figure 19 YERSITE A3gk
2 ROSE 50 % 2738 552 OSCs (reactive oxy-
gen species scavenging activities) ® WeEb it s}
50 % olEhe %%%91 0SCs& 2,520 + 0,010 yg/mL,

dolAEHo|E &2 0335 + 0.005 ug/mLo|al ol=
&2 3L (265 + 0015 pg/mLO. 2 YERTh BluE
A& Y24 84 qAskAIQl L-ascorbic acidE A
8} 2 L-ascorbic acid®] OSCsp 1.50 + 0.85 ug/mL
2 YERETE g3kl el E Ul o= 8
o] H|WEAZ A3t L-ascorbic acid®Rth 444 4
Aol F& g1 5 Utk 53] 0|3 L-ascor-
bic acid¥} Bl sl wl, ddotAlHolE 59 F
oF 4 ~ 5ul|, o}=E|E £ A k5 ~ 6Hl] 2 7k
O RA Z47te] FEo] Holul Ak AAYE Y

%
ZEE0] DPPH 2750l AdE o R 7
+)- @ -tocopherol B0} %2 G35 H X
nE S o] 83 Aol %W*PA 2
no7 »}E}”D} DPPH?] 7§ wh=gt =}
i% = 58S Mg J_ ol
S A= 108 AN eFE thE-E©] ROS7}
*MEM w Fof] thekdt ROSe thdt e¢leS Algal
w3 Fe3+—EDTA/HzOz Aol A
9] &Ate} wAYSS TG 3 2 Qe Ao
E 24 5 ooFdt fiAYFEC] EA5] wiEel & o

FTEARI kst S B 4 Sl whEbA distke] o’
=82 282 A iz 24 WAY

ST
K
_VL-{O

oro o ram

= = ~ g
o wn [} [
L

ROS scavenging activity
(0SCy;, pg/mL)

ot
wn

0.0

50% EtOH EtOAc Aglycone L-ascorbic
extract fraction fraction acid

Figure 1. Reactive oxygen species scavenging activities of
R. undulatum L. extracts and reference in Fe**-EDTA/
H>O; system by luminol-dependent chemiluminescence
assay.

2O AR BEE V)E
o] Fx] 9kokS Aol rose-bengal® 4L 10, Aol
A AETY rse RIS 2T AR Al 2

Alge] digete SulE Yol tE 210 Ada
2A Bl B A9 AdelA tixzwtS 50 33
mnl®E 2AHS £ 1 min o[ WZE A3 ] %335
el th Rose-bengals F7Fstal 3 ZAME <F S
739-9) rose-bengals H7}5FA] a1 FEAMG S A
5 EF 4HbS 120 minZhA] = £80] AL dojitH]
aig=

o5 50 % olerE FEES A9 ol 1, 10, 25
ug/mLe FEollA 22t 54.8, 271.3, 1282.0 min, o€ o}
AlHo|E -2l e] - 37.2, 3014, 1817.0 min, =2
W29 441061, 757.0, 1991.5 min O & F% o]EH o
2 AE Bs g3E Yt Table 2). 10 ug/mL e
EEoA ob=EE EEo] 7MY s Al BE 4
= HERSL AL, oldobAlEolE 83 50 % olehE

EZENME vt AE RS 34 YeERIY vl
A Z AR X84 akskAQl (+)- @ -tocopherol 2]
ME RS a3+ 10 ug/mLe %A 38.0 min=, U

A g2 REAS

5} 2ZE550] (+)- @ -tocopherol .t} Al B35 G397}
Holurh=s e geld = AStH(Figure 2). 53] of=
22 ﬁi% te 29 Eﬁr H W Ete T FEE sk A

3.3. EIO|ZA|H|O|= K3l &
Aebd AT oA Bfo] A dlo] == A AR v
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Table 2. Cellular Protective Effects of Extracts from K.

undulatum L. and Reference Compounds on the Rose-
Bengal Sensitized Photohemolysis of Human Erythrocytes

5 (Half time of hemolysis®)

Concentration
(ug/mL)

50 % EtOH extract 54.8 + 05 271.3 + 13.8 1282.0 + 44.0
Ethyl acetate fraction 37.2 + 0.8 301.4 + 2.8 1817.0 + 38.0
Aglycone fraction 106.1 £ 0.2 757.0 £ 5.0 19915 + 95

1 10 50

(+)- a -Tocopherol - 38.00 £ 1.80 -

YControl, r5 = 33.00 + 1.00 min

800 -

.JIIIE

Control 50% EtOH EtOAC Aglycone (+)-a-
extract fraction fraction Tocopherol

o
o
=]

IS
o
]

(t50, min)

N
o
]

Relative protective effect for erythrocyte

Figure 2. The effects of extract and fractions from K. un-
dulatum L. and references at 10 ug/mL on the rose-ben-
gal sensitized photohemolysis of human erythrocytes
(control = 33.00 + 1.00 min).

& AYsks fart o] a4 714 L-Elol®Al
3,4-dihydroxy-L-phenylananine (DOPA)=, 1
DOPAE DOPAquinone & & AF3lA) 7)1 A A4l wk
< %

ko] 50 % oleE FF=(108.50 pg/mL), oldeot
AElolE R (37.72 ug/mL), oF=F#E EF(11.20
ug/mL) B diEAl m]iA|Ql &-El(226.88 ug/mL)
Hoh 521Gy #b= YERSITE 53] odotAlH ol E
& o= e g EElel vlEl Zhzt oF 6l 20
v & glolZAlol= AEAdS WER S tH(Figure
3). YR 75 v sl 9l A EE B
ol7] wiEell i3} FE=S AR A PR &&
7Fs/do] ltkar AgztE ozt

ol kI o

EA

uietslggeha] =), Al 378 Al 4 %, 2011

S0)5R1 - AAE - EAR - WA - wo} . AR - v

250 +

= 200 -
=
‘S
0]

= 1
SE 150
22
= ~
£ o
25 100 -
7 =3
@
£
2
g
= 50 -+

. . [
50% EtOH EtOAc Aglycone Arbutin
extract fraction fraction

Figure 3. The inhibitory effects of fractions from R. un-
dulatum L. and reference on tyrosinase.

424 E

D U3 F=E2] AfaZd 2AZA (FSCa) 57
Az} odolAEo]E £3 (1898 ug/mL) » 50 % &
< F55(19.23 ug/mL) » oF=E +8(19.55 ug/mL)
A E R T

2) U FEE FHMNAE 2ADH(F ibsts,
OSCso) 2 of=a] & #2(0.265 ug/mL) » o&olAE]o]
E 180335 ug/mL) > 50 % °l&e FEE(2.520 ug/
mlL) TAE YeRoH, ofdotago]Es} ofFE e &
3L 7|% B4R A3 L-ascorbic acid (1.50 pg/mL)
wHo} gold G4 2AGA S B

3) g FE2E9 0,07 Fr9 AT 3o st
AZRT g3 RE B 55 EH oz Z718t
Rorm, 53] ofZe]E 82 10 ug/mL FEelA 757.0
mnlZ =& A B35 A4S et

4) thE FEE o] ZA 0| APBA (ICs)
ol=8l&£ H3(11.20 pug/mL)¥ AEotAEHo]E FE
(37.72 ug/mL), 50 % &% FFE(108.50 ug/mL) el
A B 7| EAR] 4HE(226.88 ug/mL) Bk =A o
Elstal, 53] olgFg|E E3oA Hold axtE Bk

bk} 3 v
5] ofzelz 24

i L=

o] olyt ket &3t % o vol2Aulo]= Adl &
3t

=
i
!
-z
o
=
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a
e
iCl
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