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Hz9] 50% AedE FEE, oM EHolE £, ofZe]Z(aglycone) £ AMESIAT At &2AE
43 (1,1—diphenyl-2—picrylhydrazyl, DPPH, FSCs0) & Z7]= ol=8|2 £33 > J"HolAHolE &8 > 50%
Nehe F2E o2 oFyE £ U5.10 pug/mL)ol 7HE & g £2184S el Fe** —EDTA/
HoO A& 0] 83 EX4kA A4S (F34kes, 0SCsp) = ANEOAHOIE B > o282 #8 > 509% &t
& FE2E £02 oA HOIE £3(2.68 ug/mL) oA 7 2 datsbsS YRS odolAElolE &
3)¢] F3alalso g4 FsAE &2 L-ascorbic acid (6.88 pg/mL) RTh 2 A0 2 Yelyit) 44k
29 10,08 §58 A AE 24 QlolA, 9 HEx FE2EL BF ¥E EF (1 ~ 25 ug/ml) g
AERT A4S YT 53] o8& 28 (15, 104.80 min) & 7P Z AE 235 &4& eyt
TLC, HPLC, LC/ESI-MS/MS2 o] &3t 49 Ax FE2E T dEolAEolE 3o sl A& £4&
AAEGT O A7, o golAHo]|E B3 orientin, isoorientin, vitexin, isovitexin ¢ ZelRxo]=7}
SaEo] JSS st o)) AREL Yo Ax FEE0] 10,8 MR FHAMLF L 2B EE &
Ao 2R B AL =EH FFoA FASHA ZA 28T 5 A /7Y des) 7154 S
B2 §8& 750l s AlAMEH.
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Abstract: In this study, the antioxidative effects and component analysis for the extracts of Rumex acetosa L. were
investigated. All experiments were performed with 50% ethanol extract, ethyl acetate fraction and aglycone fraction ob-
tained from dried R acetosa L.. Free radical scavenging activities (1,1-diphenyl-2- picrylhydrazyl) size of, in the order
of aglycone fraction > ethyl acetate fraction > 50% ethanol extract, aglycone fraction (45.10 ug/mL) showed the highest
radical scavenging activity. Reactive oxygen species (ROS) scavenging activity (total antioxidant capacity, OSCsy) on
ROS generated in Fe*-EDTA/H,0, system was also, in the order of ethyl acetate fraction> aglycone fraction> 50%
ethyl acetate fraction, ethyl acetate fraction (2.68 ug/mL) was shown a great antioxidant capacity. The total antioxidant
capacity of the ethyl acetate fraction was found to be greater than L-ascorbic acid, known as a typical hydrophilic anti-
oxidant (6.88 ug/mL). The cellular protective effects of R. acetosa L. extracts on the 'O-induced cellular damage of
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human erythrocytes were exhibited at all concentration-dependent (1 ~ 25 upg/mL). Especially, aglycone fraction (  so,
104.80 min) in 25 ug/mL showed the most protective effect among extracts. Components of the ethyl acetate fraction
obtained from R. acetosa L. extracts were analyzed by TLC, HPLC chromatogram, LC/ESI-MS/MS. As a result, the

ethyl acetate fraction contained several flavonoids, such as orientin, isoorientin, vitexin, isovitexin. These results indicate

that the R. acetosa L. extracts can be used as antioxidants in biological systems, particularly skins exposed to UV radia-
tion by quenching and/or scavenging 'O, and other ROS. Thus, the extracts of R. acetosa L. could be applicable to
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new anti-aging cosmeceutical ingredients.
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o] A|2~EL w138l o 2 AslA|/EHFEIA FE S
ASPYH o2 7&A il Aol g A,
5 2 v - F T4 R3S 7HESAIRIT
Bi3E AAA 7| A7) deides AFAEE
AraE E&2 07 AAS BAHAETE A
9 24& BT 5 e F4bs}t o] A28

gt g 2 FiksiA A tig &
T7F FUEA ATH1-2,17].

TG (Rumax acetosa L., Sorrel)-2 1l E32] ThdAY
ZEAZE, 2R Ao A AAskal flom
BolAlol A Qe dy] RIS e AEolth
[18-19]. 99 2 FHoly vl=o &A= 43
Algko] U= Alg2|9F HlszshAl A4 oW, sorrelo] 2t
= ClFER dEA AUe A=oltI8]. FIR
acetosa)®] FE==2 G, ok, A%, I+, FAEA
ol E50] Johal dHA AvH20-22]. =3
2 2 BEY, A, SAY Y A5 W
Ho g 2ol Zlo® BRiuEy ok 799 A4
25 QollA vitexin?} quercitrin[23], 2|0l A] chrys-
ophanolS |53} anthraquinone 2 1 ®iZA|[24], A
JH-oll A orienting HIETE SR o] =R/ B O )
FA25]7F Barso] AeH25-27].
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UV-visible spectrophotometer= Varian (Australia)Ak
9] Cary 50, 85" 3388l A8k Spectronic 20D+
Milton Roy Co. (USA) A&, 3}8hd337]= Berthold
(Germany)AF2e] 6-channel LB9505 LTS, pH metere
Istek (Korea)Al A|#S ARE3F T EDTA, luminol,
heparin, 5742 A3 rose bengal, DPPH (1,1-diphenyl-
2-picrylhydrazyl) radical Sigma Chemical Co. (USA)
ANA FUst AHE-SFATE 718} FeCls + 6H,0+ Junsei
Chemical Co. (Japan) A|&-2, H,0,= Dae Jung Chemical
& Metals (Korea) A} Al FS AMESIA T 458 A
Zol AFE-¥ Na,HPO; - IZHZO NaH2P04 + 2H,0, NaCl,
trizma base, HCl 18] 1 of|Eh-&, W EHS, o & olA|H| o]
E n-34 5 24 Bule Al S5 AloFE ARESER
ot HPLC 8] A= AF8-E acetonitrile> J. T.
BakerAt2} B&JAFS] HPLC grade #1%-2 AH8-39ITh
Hln S22 AFE3E (4)- @ -tocopherol (1,000 U vita-
min E/g), L-ascorbic acid, ¥¢*F&l-2 Sigma Chemical
Co. (USA)OIA FYdstuth & Aol A8 92
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2.3.1. DPPH¥HZ 0|3l Free Radical A7-|§—|'A'|

DPPHH-2> A 59 itz £A5E H7H &+ e
AHy oz HlwA ¢Hg3 #r)z¢l DPPHol thgk
AAFA TS St Alme B8-S SAs= 24F
Holth, A3 wgkeol &A%l 02 mM DPPH &
Y 1 mLel| e 1 mLE HUIsla 498 5=2 R
acetosa L. & FE2E 1 mLE 7t 42 o=
A4 10 min < WA F spectrophotometer =
517 nmol| A 355 S48t 1 49 A7)+
ANEE 9A & 95 tZT(control) &2 S}aL Al
25 9 AL g (experiment) O 2 St W] s}k
Atk ZAE(blank)S DPPHE H7}stA] @k A 5.9
FEFS AU AfatdZd &~Ag4-2 DPPHY
EET7F50% tHAaE = agh A 5O F 5 (free radi-
cal scavenging activity, FSCso, ug/mL)=A4] 37|35} S
o, 22 Z(DPPH) 2A 84 (%) S Aldtshstl A
&3 A2 a3 2k

A xperiment ~ A
Inhibition (%) = {1 - [( B Act Blank)] } < 100
“ontrol

2.3.2. Luminol &S 0|25t Fe**—EDTA/H,0.A|0fl A0
SAALA AT{EIM(ESIAIEHS)

Fe'-EDTA/H,0, Al Thgt ROS (0, -, - OH 1
21l HO0)E A7 F-3o Al Sl =
2-gsttt, weEta] o] AE 0|83 ROSel| dig F
rals S 2T o, o] F Fksleol= &
Akl AGE ol A olE A8 E x3E
T Atk WA E ROSY AELS Fr|= ROS9F] HE
TS 5% SRS SAHAFoEN AT F Utk

by S48 FHO 7T 1.78 mLE ¥l o
2] %9 R acetosa L. Ax FE2ES LT} o7
2.5 mM EDTA 40 uL % 2 5 mM FeCl; - 6H,O 10 uLE
7}t % 35 mM luminol 80 uLE Hil EE0] 4]0 F
At olol A 3FEhEgr]9) cell holderoﬂ FHE Y1
5 min < 37 ColA & A7l & 150 mM H,0, 40
uLE B3 Fu|E3 ROSEHE] WHg-ol o3¢t spshdg

, A& o] ¥
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Table 1. TLC Mobile Phase for Separation of Ethyl Acetate Fraction from R. acetosa L

Eluent system

EtOAc fraction

ethyl acetate : chloroform : formic acid : water

=8 :1:1:1 ().

< 25 min 5<% SH3ATE tHET(control)S A58

o thilell SRTE YL, AP (blank)> A&
Z70] TYsl H,0,9F FeCls - 6H,OtHA /4=

71 Aoz &) 318hd37] 6-channel LB9505
LT 7+ Ad2 A3 Aol BA3t A k] Apol
7} A9 RIS sttt seshdgo g SA4% A&l &
(%) Tha A3 o] Yeh UL, 444 2AEA
ol TIr|= skehaste] M7 50% ZAEEY Ee
3k A|5.9] "5 S(reactive oxygen species scavenging ac-
tivity, OSCsy, pg/mL)EA] E7]3I% T

Control2] cpm - Sample2] cpm
Inhibition (%) = * P ple P 100
(Control®] cpm - Blank2] cpm)

2.4. PhotohemolysistiS 0|25t MZES §1 &8
Al AETE g o R SA4kr o Ml ZE

131 _4._,,] /\16‘4 o :%—/K—]/\]-/\oﬂ /]t:y_ ] A ndl 2 ;_(;]'
e ol ek WE of AR E ol §iel HR
& tgoE BYNL Y MERE AIE 2
g 4 ok

241, MBS SIEH M=

A= A4 4] YHERE Ao AHE S
A] heparino] 71 Alg@del €2 %, 3,000 rppm o=
5 min B¢ AAEE e AT} S wElska,
223 ™= 0.9% saline phosphate buffer (pH 7.4,
Na,HPO, * 12H,0 9.6 mM, NaH,POj * ZHZO 1.6 mM)E
A8t A4 star S o] Mg F2 A Ak
o} 33] whEske] Al H, E2j3 AdT= 4 CTo B
Je) BASIHA AR, BE AFS A &
12 h oWl 33t B8 A2 oln] FHdE W
Hol| e} F3f3tAnt A3 AMgE HEF A=
< 700 nmell A O0.D.7} 0.60]1 0™ oju] AT 4=
1.5 x 107 cells/mLo] At}

ol

[e5

EkslaEsta) 2], A 4049 Al 4 5, 2014

[e]

S5 mLE doldl~ AP F©No.

9820)°l Y& +, FEES EHEE Z47F 50 ul® A
7F3kaL Aol A 30 min F<?F pre-incubation A|HFIATY.
Incubation -0l FZ71A) rose-bengal (12 #M) 0.5 mL
E 7t wekg LE—(Whatman laboratory sealing film,
UK)2.Z2 YTE T2 & 15 min 5 FFA} AT
B8doll Bagt FxAE WHE A 23 50 cm

x 20 em % 25 cm 2719 A} Qtoll 20 W HF5S
AA|stal, ¥FTOEZREH 5 em Aol AT e
OHO] 57—7] IL]—O]’H]/\ }\]643',]—»9- ?'S:]Sg-%jl]_ ﬁgﬁgol E]E—'_
5 g3 £ 15 min &+ F2A AT F2APL
‘él‘rl % QFk-S(post-incubation) holl W& A&+l 1}
IAHEE 15 min FFOE 700 nmolA e FF=
(transmittance, %) 25 T3ttt o] sl AHE
T g FRE Ve HETY 88 = H
gt ZE AP 20 T oA 343t &
@ Ax F2E9 FE&d vX= EF= post-in-
cubation h¢} SR TR FAHEH JYZE2RE HIAFL
9] 50%7F €85 = h 502 F8ke] vl

2.5, TLC ¥ HPLCE 0|8%t & Mz FEE2| E2E
Lol 2M
TY Az F2E F oddoHOIE 38 100%
o gk-&ofl =<2l & syringe filter (Milipore 0.45 um)E
o] &3t A T AFREH FEF &L o] &35t
=4 TLC 2 ¥]=4 HPLC &40l o] &3}3ith TLC
B4 Al AR A7) Sl Table 19 YERNATE A

Sl ofv] HuE $Y3E AR} Eehuicol
T FFE4 Rf #47 Ak9)d 9 AH S o] 83 o
o] A 58 &) 13ttt HPLC 432 2% ace-

tic acid &Y} 0.5% acetic acidE -3+ 50% aceto-
nitrile T&A-& 0|83l 71&7] HOE EA5%
3 HPLC £8]%7-2 Table 20 YERATE =3 5=
P Az FEEYY AR 24 8 TLCE 29 2+
Zrol WES F2 3 75% oek2o F&, o33t FH
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Table 2. HPLC Condition for Separation of Ethyl Acetate Fraction from R acefosa L

Condition of HPLC analysis

Column Shim-pack VP-ODS (L : 250 nm, LD : 4.6 mm)

Detector
Detection wavelength
Flow rate

Injection volume

UVD 170s DIONEX
370 nm
1 mL/min
20 uL

2% AAY in water : 0.5% AA® in 50% ACNY

Mobile phase

=70 :30 ~ 10 : 90 (gradient)

YAA : acetic acid, YACN : acetonitrile

160
140
120
100
80
60
40

20

Free radical scavenging activity
(FSCqq, 48/mL)

50% EtOH extract EA fraction Aglycone fraction  a-Tocopherol

0

Figure 1. Free radical scavenging activity of extract and
fractions of R acetosa L. extract and reference.

et FFatAnh ol Aozl ASE 100% of g0l

Ql 3, syringe filter (Milipore 0.45 um)E- ©]-&3}]
o] #3kal 71 o4& HPLC, LC/ESI-MS/MS #241¢]] ©]
&3kt

2.6. LC/ESI-MS/MSE 0|8%t =¥ ™= F&=2| 22t
HL0|E BN

LC &2 Thermo-Finnigan surveyor instrument
(Thermo  scientific, USA)E AMEsiAth ZHy-S
Phenomenex P/No. 00D-4424-Y0, Desc. Synergi 4u
Fusion-RP 80A, size 100 x 3,00 mm 4 micron, S/No.
460415-1-% AHE3FATE 0572 0.1% formic acid (in
water) (solution A) : acetonitrile (solvent B) 2.2 3}% S
™, injection volume 5 uL, 42 200 uL/minS.Z
AT MSMS #2412 LCQ Deca XP plus (Thermo

Scientific, USA)S AH8-3}%1 31, negative modeZ capil-
lary voltage™= - 15 V, spray voltage= 5 kV, 183l ca-
pillary temperature= 275 CollA] Y3}t

2.7. Az
BE A 39 WHESI T FATAS 5% 1

ol A Student’s t-test=S 3B SFATH
3. 4o 1 n=t
3.1, 8 Mx FES9| M Y

3.1.1. DPPHHZ 0|88 XiRatC|zr AHEN

Ag o] FA e FHAAE 7ML de A 2y
22 A7t 1 g E24 39| vkl Atk Al
Zto| A AAFE goZd-2 A d st L E o]0
Ae AHNEES MAEA Axe &35 9 E of
ZINZITE ol# & etz AHNESolA HAE Al
g F e FASAITE EASHE g Auke2
FTAE I NEZE gHZd e 4R FHoER
B B35 9| "t} o]9} o] ksiA| 7} o= A
= SHEE 78k sEE@EE)0] d=AE 54
o 2H Pitses HE o At dHE A"
d2 1,1-diphenyl-2-picrylhydrazyl 2] Z-& A7)
+ A TEE SAHEA & 7 Aok £ A
Z FE=9 AFHHUZ 2AZRHY(FSCh) AIAE
Figure 10 YERAAT. 9 A= 50% d&s =
=3 odotAEH ol E 38 F of=8]F 89| FSCy
© 717} 14337 pg/ml, 92.96 ug/ml 2 45.10 ug/mLE
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ROS scavenging activity
(OSC,,, £8/mL)

50% EtOH extract EA fraction Aglycone fraction  L-Ascorbic acid

Figure 2. Reactive oxygen species scavenging activity of R.
acetosa L., fractions and reference in Fe*-EDTA/H,O,
system by luminol-dependent chemiluminescence assay.
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Hhg-o] o). o]2gk Ao A= Fenton RH-&O=
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450 nm)= g} o] Aol kstA 7 EAskE &gk
28} WHEEh7] wiEe) FrhHom FrjEe] whgol
ZasHA B o|ZRE ALY TS 7
T+ AU

TP Az FEE FTIS(0SCx) AFE 2
£ Figure 20 YERATE +9 A2 50% NeHE

F=E, oHoMEclE #£8 2 olzgE 89
OSCsp> 2+ 9.78, 2.68 X 7.80 pg/mLZ LFERSITE
el e 84 4SRRI L-ascorbic acid®l
OSCsp= 6.88 ug/mLoUTE 79 Ax FE2E9| og
olMEIC|E £¥2 L-ascorbic acid®.Th ¢F 2.56u] H
T3t skeS UEhith olEElE wE=
L-ascorbic acid®} 72} fARE ditslss Ho|Fal
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3.2 '0,22 QL& At METo| otujof CHEt MEL
s &1

7 el A=
o X298 1}94601] L%ﬂ'ﬁ %%7& vk
sl 10,3 28 FAMAE YA 02wt
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7 9kgste] ISR E g ES AP 7
A& JNAAIZITE SEAIRE A Ur
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2ol o3 484 ‘Oszr IOQO_E_ % D}%ﬁ& :
AbaFol AAPE AE 74 AEEU AE L &
Ae| Akslet & FalA AlE §8& ]
At o] AF Al FAsIAE HIFstA FAkstA
T2 =23ed EAol wet Alxd & Fert
AR Azt E0i3t FrtsiAl= Bz At
g Adste] Azrt 88 BallEe AL dAT 5
Atk FdLSA7E AEe] &ES AANT=
AT A7} 50% A EH=H Aol h (r50)2 =
FABATE o] Fe AR AE BE &40
=4 YebdTh

(<3

>
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T
GRS
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o] 75 st ZE 73%0 Aol =

T2 75° 31.10 minS & i'}‘iﬂ% £+ 1 min | =E

Aol FastA vebsth Z 50% e
FEEY AT 50l 5, 10, 25 /lg/mL«l FLollA Zt



120.00 W 50% EtOH extract

® EtOAc fraction

100.00 .
Aglycone fraction

80.00

60.00

40.00 -
20.00
0.00
5 10 25

Concentration (ug/mL)

Relative protective effect for erythrocyte (min)

Figure 3. Cell protective effects of R. acetosa L. extract and
fraction against 'O,-induced photohemolysis of human
erythrocytes (control=31.10 £1 min).

120.00

100.00

80.00

60.00

40.00

20.00 I I
0.00

50%EtOH EtOAc Aglycone a-Tocopherol Genistein Genistin
extract fraction fraction

Relative protective effect for
erythrocyte (min)

Figure 4. The effects of extract and fractions from R
acetosa L. extract and reference at 25 wpg/mL on the
rose-bengal sensitized photohemolysis of human erythrocytes
(control = 31.10 = 1 min).

33.00, 31.60 2 34.30 min, ool H O E &3 9]

= 47.10, 4430 2 4740 minC. 2 59 A T
A3HA e AERE TS et 1Y
, oFZElE B3 74 62.70, 81.90 X 104.80 min
o7 ¥% o)EFO0T I AZTRET IS YERY
o olgElE £99 Aeve vud 2 FE(QS
pgmL)olAd AY 2 AzRE G35 Yepldo
(Figure 3).
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Figure 5. TLC chromatogram of ethyl acetate fraction from
R acetosa L. extract and reference. Eluent system : ethyl
acetate : chloroform : formic acid : water =8 : 1 : 1 : 1 (v/v).
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Figure 6. HPLC chromatogram of ethyl acetate fraction from
R acetosa L. extract at A = 280 nm. @ isoorientin, @
orientin, @ vitexin, @ isovitexin.
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Figure 7. Mass spectra of TRA-7 in negative mode (LC-MS) :
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Figure 8. Mass spectra of TRA-8 in negative mode (LC-MS) : (A) full Ms spectra; (B) MS/MS from precursor ion m/z 447.
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