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This study was undertaken to investigate the antioxidative substance and activity of ethyl acetate extracted from Rumex
crispus. Sample extracted follow in proper course of a solvent. Material refinement was carried out using silicagel
column and Sephadex LH-20 column chromatography. Material sorting was carried by Gas Chromatography(GC/MS).
1,1-Diphenyl-2-Picrylhydrazyl(DPPH) free radical scavenging and enzyme activity were measured for antioxidative
activity. as result of testing by DPPH free radical scavenging activity, Antioxidative activity was shown as the highest in
the root, then leaf and stem in order. Ethyl acetate extraction of root part were 50% inhibitory concentration (IC50)
Rumex crispus( 6.1 pg/mL), Rumex nipponicus(9.8 ng/mL) and Rumex acetoceae(31.5 pg/ml) in leaf part. The highest
antioxidative activity of sample refined through silicagel column chromatography of Rumex crispus was appeared
Fraction 5(1C50;8.7 pg/mL) in root and Fraction 8(IC50;85.9 pg/mL) in leaf. Fraction 5 in root & Fraction 6 in leaf were
refined using Sephadex LH-20 column chromatography. The highest antioxidative activity were appeared Fraction 4
(IC50;3.57 pg/mL) and Fraction 4 (1C50;18.41 pg/mb)in leaf. As for main phenol compounds 2,6-Dichloro-4-nitropnenol
and 2-Isopropyl-5 -methyl phenol were identified in root and leaf, while 4-Vinyl-2- methoxy-phenol and 2,3-Dihydro-
benzofuran were identifica ted only in leaf. Enzyme activity was shown low both in peroxidase(POD) Non-activate(lU/mg
proteinjand in Superoxide dismutase(SOD) non-activate(lUfmg protein). 2,6-Dichloro-4-nitrophenol, 2-lsopropyl -5-methyl
phenol, 4-Vinyl-2-methoxy-phencl were obtained in this experiment and these compounds are phenolic compounds
which have OH group in the structure. With the result of this study these phenolic compounds which are extracted
from Rumex crispus have high antioxidative effect. This antioxidative effect of Rumex crispus can be applied for
chemo-preventive and antioxidative supplements which can be used for anti-allegy, anti-tumor, aging and other oxidative
disease for health promotion.
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Plant material(Z2 & el) : Leaf(400 g), Root(300 g)

l Extract wich 1500 né of MeDH
overnight reapeat once ome
MeOH extract
1. Coneentrate to 450 nf
2. Add 50mf of H0
Partition with pet Ether Sat'd with
911 MeOH H:0 equal volume

\ v

3 a B N
Evaporate MeOH o ract
add H0 300 m¢ (discard)

Partition between erhyl acetate Sar'd
with HzQ two times with 200

! !

Adqueous exiract Ethyl acetafe extract
Dry by room temp. l 1. Shake with NaS0
: 2. Fiter&evaporate sclvent
Obrzin weight 3, Transfer to vial&obtain weight
éum:QJJ‘ Sﬂmﬂlﬂ Eﬂ])- acetare exXiract
ﬁlSephadex LH~20(100% MeQH)
Taction

GC/MS analysis

Figure 1. Flow chart (or fractionaton of Rwmex crispus.

Tablel. Sample of ethylacetale exiraction obtained from Rumex crispus.

Plant classification Part Sample Wi. (g)
) Root §.1993 / 300

Rumex. crispus Leaf 6.4892 [ 400
Rumex acetosa Root 0.9378 /300
Leaf 0.2952 / 400

Rumex Nipponicus Root 2.0046 / 300
Leaf 7.5944 | 400

acetosae), & 22| o) (Rumex nipponicus)= 1999y 64} 7
Dz 1190 oAl SAEI obga] BAH mzE oA
A4 ARste FRYEEE, 27, 4, £4 )2 DA
Higfe] # Bshe '1€°ﬂ/‘1 1579 o) Hz3le vyl
A 248 Agstah ARG Aleke oA gag, o#
&2E, o ofAHelE, HAE=ZelF olti(petroleum ether),
AE 7k, Y UEFNSOy 5 R Al AMSIAL,
v == Difcod] AL AMFSIETh Dimethyl sulfoxide (DMSO)
2} 1,1-Diphenyl-2-Picryl hydrazyl(DPPH)= Sigma #AS ARE-
st

ANZe| = Ui
o

7 A FEWHLe Lee (199931)8 Hhe] webA
Figure 13} o] 28 g8k gxe)4 Azsiod 27
B ¥ F 9 RES 400 g W) REL 300 02 ¥ F
Zlege) Wi, WehS(CH:OH = 32.04 ; McOH) 1500 mLZ
A7Fshe] 24NZE ol AAF & o3, 7Y BEHT

&AL th] Alge 22 o dgld 49 J79
o 48217 Ad F EEAE FHsled 238 wE FE3
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Wattman No. 2 filterE @3l o] Hga FE£2EL Zd o
Fo Wx 10 mLeY ZE7H45 AV & HEZEE o)b
(ether) 100 mLE 715l F&39th Al&Eo] ol &2 Wy
31 3o MeOH(HEHE) 4848 219 558 &, 255
o %o EtQAc(E olAEe|E)S gujE B3I sigow,
NapS0, B F 79 $HIAT £ Ao|2RE 549 F

Table 1ﬂ+ Qotﬁ AlRe Y Basieim, w8t

@ ot 2y =3

1) DPPH(1,1-Diphenyl-2-picrylhydrazyl free radical scavenging
activity) 8ol 2% 31'*1-:5]- =g
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44 F2LAE HLO}%I% 445 713 gle] datalEd
=o)o

B Bg e G

Aste 4AS o] 3t Yoshlda(32) Fo) Woz o ol
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(8 A]E 0.004 g /DMSO 1 mL)el| =} ¥-2-& dalz

175, 1/25, 1/175 1/6251; g4e el 50 yL} 300 mM
DPPHe| offgh-&S 9~108¢) 99.9% EtOH¢] 343+ DPPHH
950 yLZ vortexE TYEA TS thE 37T lgr]elA
3087t 9-2-A)7] & Spectrophotometer2 515 nmoj A A A
o] 298] u3lFL A F-A%(clectron donating ability :
EDA%)o 2 #24 EFZ(UV absorpion)E A&z,
uvEd /\] HETE AE 4l 50 yLe] DMSOE ¥
ELO] =% DPPHEHE 3|43ty
9]§ A& DMSO7F A" v
d i1, ICs {3 50% DPPH IZz]gir]
Mz &EE Al F3k At

AEA U 3 2k &4 AR G4k 3HS 99
) 2(callus) WG X4 0% olggo] i, Zfoldsk
Abell 102-3F HHE & agar #f =[] pH 5.4 ?l A& 207), pH
5090 AL ZO/HE 3hod MS 1DHjA) oA wfoksllal, Wej~
(callus)s} A A FAE4 F43 174‘}99 o

3) Silica gel column chromatographyol] 23l A]59] A

Al
N2 olyEle|E F£E¢ DPPH 23 A} 4o
Pt Ehd AR did PR 28, A7)
et L) 2A& don 2o] s

Fr. 1 n-hexane : acetone = 10 : 1

Fr. 2 n-hexane : acetone = 5 : |
Fr. 3 n-hexane : acetone = 3 : 1
Fr. 4 n-hexane : acetone = 2 : 1
Fr. 5 n-hexane : acetone = 1 : 1
Fr. 6 MeOH

de} ge &ul =AdFe TAF 29 Silica gel
column Chromartography S dJ3le] 2z} 8z ]ﬂ—-ﬁ- N4 22 6
el 28& Fz], T2 7xsted 2o #AE AT
& 37 Bashia ehakel 84 233 Gas Chromatography
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Figure 2 Amiioxidative activily of root fraclion in Rumex crispus
after Sephadex LH-20 column chromatography.
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Figure 3. Antioxidative activity of Leaf Ffraction in Rumex crispus
aftcr Sephadex LH-20 column chromalography.

Table 2. Obtained sample wt. from Fr. 6 in root and Fr. 6 in leal
after Sephadex LH-20 column chromatography. (%t9] @ g)

Portinal Fr.l Fr.2 F.3 Fr4 Fr.5 Fr.6
Root (Fr. 3) 0.0030 0.0031 0.0661 0.0064 0.0196 0.2841
Leaf (Fr. 6) 0.0070 00109 0.2753 0.3994 0.0336

(GC/MS) £48 ARE AH-EFAT

4) Sephadex LH-20 column chromatographyel] 28t A5 3]
A
AAH shatal A 1 9 H Silica gel column
Ch:omatooraphyi 233 7t B8 3 DPPHEZH|A] k4814
o] =E1A VEhd AE)Re] ¥igle) 13. 5 (ICsp;8.7 pg/mlL)
= §‘}_ HHol 238 6 (ICs:85.9 pg/mLyd] & 9 EE
22 98] Sephadex LH-20(25 g)column Chromato graphy
o= 21z]]o}%11:]— A7} Lo= MeOH, 44L 2.5 mL/minZ

stglod, HeEPg2 Fgure 2014 He vigh 2o] F 4274
o] Bgg —‘“4_—31 sted, 42l 71AAHUV visible spectra)of) L}
thd FBE gol $AE 29 19 2 £ 1, 29 3~ &
82 28 4— 283 295 — 23 4, 28 5& 29
6~42 — 28 5 McOH RE23 6oz sl 672 53
3t5ia, 9 HRe|AME Figure 33} Zo] & 42709 £2& &

Table 3. Antixoidative activity of EtOAc extraction obtained from Rumex.

IC
Plant Portion *
[g/mL]
. Leaf 68.8
Rumex crispus L.
Root 6.1
R . L Leaf 313
umeyx ac e L.
ueetosa Root 253
R . ous FR Leaf 59.1
uinex nicus FR.
ppor Root 9.8

glated, UV 7hAdel] Uebd §3 % gto] fAare 29 1, 2,
34,5 6- 28 1, £38 78,09, 10, 11> 28 2, 28 13,
14— 28 3, 28 18~ 42—53 4, MeOH £ » £§ 5

Z 5z P ¥ ¥ nF 7 BEY¥E 53
zald e AEHAE Table 29 7Zov], 28 77} o
3 ghatsle & DPPHE S35tk
5) GCMS E4ef oJg 7 £28 s 22 57
GC/MSEd-& Hewlett Pakard 6890/5973“-'- Abgglon, &
) Oven ZA-L 80CoA A2, B9 3TH 250T7A &
sted 250 A 587 Rla}%u, SR 5 Hevtz, 4

0.8 ml/min, column Ulra 2(crossed linked 5% PH ME
Siloxane)2 AMg3te] BAgth. REEd] 7)EEH peak
YXE EFOE 519 HAE, Fst, BEE EHe 724
E489L 98] LoiFl scanned peak-— 7+ F=49 rotal
ion chromatogram ; TICo.® H¢]3 & oz dHaWHE 3
891 2219 ABPIA Qe 2z BAUS AURY 5
Ae otk

=l
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E-pl
DPPHMO)| 2|8t Rumex crispuse| Eial gIIEH

28] A o) (Rumex crispus), =% (Rumex acetosae)™} Eng] 7y
Ol(Rumex nipponicus)3$ 3Z5-¢] Rumexifico.2 He $4aE
I3 GCMSel Az2 AREsl7) 8] FE3 o HelAlH
ZELL Table 13 2} o2 oiAEoE FEE9
fi]%*%ol TUSH A= oﬂ/ﬁ 4.66 golZkE Lee (1995(27))_4 g
Zego] Wa) B Aol B ; 8.1993 g/300 g, o ; 6.4892 g
400 g2 FFao] HY *=°H:Jr DPPHY ] ofd] &AF
3215182 Table 3¢ jehd #
I Tk 3EF E% w2 wxoM 50% sl dARI(IC
Value)s VEI.om, E3) Ao (Rumex crispus)9d 4T
3oV (Rumex nipponicus)s] S2)5E-0) leo e 27 6.1 pugmLe}
08 pgfmlE FAFS T BAHE UEhe), Bel B2
F03 230 B4 PRE Aoz AATE, U PRAdE
Rumex qgcetosae 7} 31.5 pgmlLZ 714 w2 48 Jedoh
Rumex:2) 8atsl 2498 olv] AG & 49 dgo=
dHA sle vl C2L8 pgml), ¥4 d4TEiA9 BHT
(100 pg/mL), BHA(Q20.6 ug/mL)(Sang-Kook Lee, 1997(32))€]
ICso%k Brim 24 =2 722 & P 1o, Leed(1995) &
2]70]8] n-hexaneFE2o s} é*“] g I R e )

BHART} =the nasle Jx)se @ olch
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Table 4. Obtained antioxidation compounds from EtOAc extraction in Rumex crispus(leaf) through GC/MS.

Part RT area(%) Compounds

12.38 575 2,3-Dihydro-benzofuran

16.31 6.39 4-Vinyl-2-methoxy-phenol

31.31 10.65 2-(4-Methoxyphenyl)-N,N.,2-trimethyl- 1-pyrrolamine
Root 39.88 6.25 Methyl hexadecanoate

40,76 8.04 2-Hydroxy-2-phenyl-1-acenaphthenone

45.68 16.96 9,12,15-Octadecatrienoic acid, methyl ester

46.06 2240 Phytol

31.32 9,34 2-(4-Methoxyphenyl)-n,n,2-rrimethyl- [ -pyrrolamine
Leaf 40.76 10.90 2-Hydroxy-2-phenyl- I -accnaphthenone

4146 69.67 4-Benzylidene-2-tert-butyl-3,3,5-wimethyl- 1,2-diaza-3-sila-5-cyclopentene

Table 5. Obrained sample weight from in Root and in leaf of cach fraction alier silicagel column chromato graphy.

Portion Part Fr. 1 Fr. 2 Fr. 3 Fr. 4 Fr. 5 Fr. 6
Leaf Sample Wi, 0.5228 0.1205 0.3673 0.1704 0.1778 1.560a6
Root Sample Wt 0.0828 0.1110 0.0713 0.0368 0.0918 2.0632

EtOAc 3&2 9] DPPH &% A3, 3413} &40] =4 U}

Bl Rumex crtspusA ’[q;’p’x [ o <N

2= 0
==

kil

thenone SlE-E2 el R o
#2)¥ 4-Vinyl-2-meth oxy-phenol &

isothiocyanate 2} F-ANE &0 G-
2 FFAs 4% A= PHE

19993374 9t} Wk 23

(Wattenberg, 1981; Wattenberg et al,
o, W3k B2 & £9d giEHe e HEd{E 3,
A2 87 Z-&(Allelopathy)(Baily, 1982)(36), B8 g
riterpene -2 ¥ TE, F9%, Gy¥d 5o a3(Nukaya,
et al, 1996)(37), epigallocatechin gallate ;EGCG, Fujiki, et
al., 1986)(38)2} Zrlof| kaempferol® quercetin®} vitamin C
(& %, 1998)(39) T ZElEIo|= AHEY
eEAd E3(Yong-Jae Kim, ct al,
(Dag-Kwan Lim, et al., 1996(41)) #
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T 1%oldel Weld Hie 8EE
4—Benzy1idcnc-2—ler[—butyl- , 3, S-trimethyl-1,
S-cyclopentene ; 69.67%, 2-Hydroxy-2-phenyl--acenaphthenone ;
1090% 9] 4oz woton, 7 9)& v% FIEo|Yrh Gas
Chromatographyof] 25} 2z]% 7—1‘ Chromato gramel] Rt
A BEE 24 9FE ATRD € GOMSEY A
do %H} A}E(mass spectra data)e} Bl FQlslgeH,
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(tristhylquinones) 5©] 91U (Lesca, 1983; Mukhiar, et al., 1984;

Rao, et al, [984).(42-44) o5 4 T 43 AL zt=

FEEL oI 2N AurR SH7IZ 2E FEE,
BOER, #7140 T E4E 7MAH, g4 48 4
5 ﬂ‘_‘?‘-\]’?_ bR, FLF, FAF
8 P2 V1Y AEAFY EE=EY
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Al

o3

!
7

TEH 54L& 7, WA8e] gl 077} gao 2
2 39 $jAe] 2% ATS 7P, @ 49l fA]] Ft2R
2719k Ag Bl ZitHo) & -OHYIe dle] P4telat

& 7HtH(Cody, 1988)(47).

Silicagel column chromatographyol| 2|8l Al=9| ZxA|
2] 3EF2 Rumexd: FojM FHE2 Hgko] 74 @
a3l @Ao) <3 Rumex crispuse] Qb Big] BBo] sz
< ©] AAS7] 208 Rumex crispus®] Y(ACs0=68.8 yg/ml)it
] BB (ICs=6.1 pg/mL)E Silica gel columm Chromatography
Ho=z B, A 214 6719 53—4 S(Table 5) 21¢9] &

lT:A_EﬁlEJ:?:.H

js

=

& 6(1.5606 g)xF E& 1005228 g), &g BE 62.0632 g
g 201110 g)of|A Fgol =9k} AAE 24 £Ie

DPPHYE o &M YUMHL 4T B% A e
221, 3, 4olAS NEHE YRR 2 Fe

=

i

H

Al

FER \ﬂ}?i 'ia]—— wa S(ICso 87 ,ucr/mL)Ql- 6(9.1 pg/mL)

Vel gl v (Table 6)

g4 2EEE dusr] A
o

az v
4 28 ¥ coMsE £42 23, 29 BH 104 29
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Table 6. Antioxidative actvity aller Sephadex LH 20 column chromartography.

Sample Fr. 1/625 1/125 1125 1/5 Stock sol. ICso[ptg/mL]
1 0.945 0.842 0.833 0.801 0.795 =200
Rumex crispus 2 0.949 0911 0.905 0.901 0.793 =200
L 3 0.939 0.935 0.933 0.931 0.929 =200
4 0.920 0919 0.915 0.857 0.628 =200
5 0.980 0.941 0916 0.775 0.491 195.6
Leaf 6 0.968 0.900 0.848 0.444 0.432 85.9
] 0.968 0.945 0.94] 0.938 0.926 >200
2 0.939 0.937 0.906 0.906 0.860 >200
3 0.944 0.941 0916 0.847 0.571 200
4 0.937 0.934 0.931 0.928 0.808 >200
Root 5 0.960 0.890 0.558 0.122 0.120 8.7
6 0.930 0.834 0.486 0.258 0.16] 9.1
ATE 13%S Ao vk dFE9D, 37,11, 15- Tetra methyl £0] & EZSo|m, 2-Hydroxy-2- phenyl-1- acenaphthenone—-
2-hexadecen-1-0l0] 62.67%, 9,12,15-Octadecatriencic acid, methyl 28 504 1643%, £& A= 31.16% THEGeH, &
ester 3}3HEo] 14.20% = BThTable7). 28 2= 249 3 AglgAo) 9= Ao Vel THTable 6).
BE 2F 2 A%y 229 1% o439 BAE AAFE 3

FEL. 125 0]|0)(Table 7), 30.14%2] 9,12,15-Octadecatrienoic
acid, methyl ester/} 714 =& 32 Jehdon), al4ks
2 Ve Qe o 4% HgdN F2 2%
o #E Pl Wr) WEY Aoz AZdEch £9 32 33
FTH9 #g 85E F Table 73 o] 1% ©]4fe] 9Fo|H,
j¥-2 gheFo] yro1} -1 Z Neophytadieneo] 22.23%, 3,7,11,15
-Tetramethyl-2-hexadecen-1-ol®] 1421%2 7F% dheko] st
I, Neophytadiene&- 2}o] ko] A&Eo] zoz gajAha,
1999). £33 45 390FTF2 §IE F 4-Vinyl-2-methoxy-
phenol®} 2,3-Dihydro-benzo furano] A Wd F 142 A7
8t(Table 7), A =} o7 A= F42 484 U
U4 asgde g Aoz vekd, ot 242 o
HEsiel 58 el 92 HTasol 99 N7

4780, 49 29 5= 039 49E F 1% ol
}:cha AA = FFgE2 Table 73 o] 5Fo0)|1, 2,3-
thydro—bezofu]anO] 35.34%, 4-Vinyl-2-methoxy-phenole] 17,98%
2 gL AT Fuandd Hed g ol
50% ol FFHUL, BAe] = A= itk 2,3-dhydro-

I

|O L]rl.l
>

bezofuran-& 2 Eo] En|slE 74 "ho] Z2¢] phytoalexin
27E 1A+ EFo]w(Kokubu, et al, 1995)(48), ¥ & 62
6359 AFE T 1% o) FEFES A= HAFEEL Table 77

ol 18F o)t H=A A== ¢ 7 4-Vinyl-2-methoxy
-phenole] B&5 ¥ o7 FA dfEgout g4L 1
A Ve 289 o= Fg98d 435 2go] gk e
2 AsFg.

Silica gel column Chromatography® el 2] AAHE g
F2Fo Bd 1, 2, 3, 4¢] GOMS ZIE 1% o)4ke] 9
= AHA 3T SHEE2 Table 8904 B 5 3l& ZAF Ze] o
2o #g3s 7 “9—'% g AR s FEEe] B
PHBHL ©F dehhA @ 3AY e 28 59
GCMSZ 1= 1% 0] - @‘%5‘_{ SRS Table 183 7o)
Fo 7 7 g4kl

=38 8 _5.0.|
2 = 1% ol WS ']-Z]o]‘

fil —|\|

ok Sr i

L o,

i

Sephadex LH-20 column chromatographyd| 2§t A|Z29]
A

AAE BHe %42 98 Sephadex LH-20 column
Chromatography < ©]&-8le] ojxl 9o 57 &7 e
AEe] DPPH £4 Z3} Table 12¢] Vehd Ay 7o) 9
B 1, 3, 59 e BY 1oAe kst FAe] glsith
o 28 24ME vFe AFEo] 30F FHHUL J%
Ato] ZEHE-L Table 9o Yeld A Zo] 4F9] B35
™, Methane, -sulfinylbis-methane 81.80%=% FEA|1, I
S H% BREAY FusBAe A dehidh 99
2 4olHE 6139 FHE GUE F Table 9 o e
A3k ol 10%0] 1% olgels], v HEo= BIY 4
Vinyl-2-methoxy-phenol &}§HE¢] 31.46%9] £& H|&=2 &F
g3, =g 348t B4 B9rh Sephadex LH-20 Columm
Chromatography 8.0 2 A #ale] £33 1& 1139 &%
Bo] FAHNUH, 2 & 5F(Table 10)7te] 1% olielx, 2
9 & m@EgEeln, sgoe Jriwt. Y 2004
3% w49 e}@rg 2 Table 109 JElY Az} o] HE
A 3}5HE2l 4-vinyl-2-methoxy-phenol, 4-hydroxy-3-methylacetophen
one} 2-nitro-4,6-dichlorophenol o] wzk g-FEHF o}, 3
Jreh 848 #A vewRth #£8 39ME 2759 F3E &
TE F 1% odd ¥HE AAsde SPEL 8FoE
Table 103} 23, BEd £ £4< JehiUth £ 40
AE 38%9 FAHE HATVE F 1% ol HSE ARG
']-E]D & 11£20F Table 108 v} 4-vinyl-2-methoxy-
phenole] 3146% THERT G2 L 4o 4o
¥ Jehgom(Tablel2), 23 5olXe 16%9 S4H 3%
= % 1% o9 BHE AAse stgE Table 1034 2
o] 7Zo|H, 5- Methoxy -2,8 8-trimethyl-4h, 8h-benzol [1,2-b:3.4-b"]
dipyran-4- one©] 35.75% 2 SHHEovt g& 4L e
A gokeh £8 6oM FALE AFEL 8FeH, 2 F 1%
olxte] HIEL 4Zo|tiTable 10). 39.39% HIE e
5-Methoxy-12,8,8-trimethyl -4h, 8h-benzol[1,2-b:3. 4-b’] dipyran-

H
T
0]
L
°]
o]
=
=
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Table 7. Antioxidant compounds of cach fraction in Leaf through RT arca(%) Compounds
GC/MS after Silicagel column chromatography 12,82 4727 2-Propenoic acid, 6-methylheptyl esier
RT area(%) Compounds 3989 2359 Methyl 10-ethyltetradecanoate
36.85 286  Neophytadiene 4119 3904  1.2-Benzenedicatboxylic acid, dibutyl ester
3987  5.12 Hexadecanoic acid, methy! cster 12.84 2.50 2-Propenoic acid, 6-methylheptyl ester
41.17 3.64 1,2-Benzenedicarboxylic acid, butyl 39.88 831 Hexadecanoic acid, methyl ester
2-methylpropyl ester 4120 3443 1,2-Benzenedicarboxylic acid, dibuty ester
4546 416 9,15-Octadecadienoic acid, methyl ester 4548 2818  9,12-Octadecadienoic acid (Z,2)
4567 1420 9,12,15-Ocradecatricnoic acid, methyl ester 45.67 17.36 9,12,15-Ocladecatricnoic acid, methyl-ester
46.08 6267  3,7,11,15-Temamethyl 2-Hexadecen-1-ol 744 086  Levophacetoperane
. 12.82 099 2-Propenoic acid, 6-methylheptyl ester
20.86 045 4-Methoxymethylphenol 3136 229 2-Trimethy-2-(4-Methoxyphenyl)-n,n,
31.37 13.65  Benzenethiol, 4-methyl- 2-trimethy- 1-pyrrolamine
39.87 7.00 Hexadecanoic acid, methyl ester 41.24 9119 [,2-Beneenedicarboxylic acid, butyl ester
40.76 095 3-Methoxy-11h-benzo[b]fluorene- 1 1-one 41.47 213 IH-Cyclopro| @ Jgurjunene
41.18  7.02 1,2-Benzenedicarboxylic acid, dibutyl ester 12.83  20.60 2-Propenoic acid, 6-methylheptyl ester
4567 30.14 9,12,15-Octadecarrienoic acid, methyl ester 1635 122 4-Vinyl-2-methoxy-phenol
46.06 2.44 Phytol 31.35 1820  2-Trimethyl-2-(4-methoxyphenyl)-n,
3435 7.90 (-)-Loliolide n,2-trimethyl-1-pyrrolamine
36.86 2223 Neophytadiene 40.78 1643 2-Hydroxy-2-phenyl-1-accnaphthenone
3773 435 4-1-1sopropyl-4-methyl-7-oxaspiro 41.19  4.15 1,2-Benzenedicarboxylic acid, dibutyl ester
3836  6.60 1-Methyl-4-1methyle-cycolhezane 41.46  23.62 4-Benzylidene-2-tert-butyl-3,3,5-trimethyl-1,
41.18  6.65 2-Benzene dicarboxylic acid 2-diazi-3-sila-3-cyclopentenc
45.67 435 Ethyl linoleolate 3135 25.60 1,1,:2°1"-Terphenyl
46.05 1421  3,7,11,15-Tetramethyl-2-hexadecen-1-ol 4078 3L16  2-Hydroxy-2-phenyl-1-acenaphthenone
789 252 Arziridi-(E)-1-propenylaziridine 4143 3241 5-Methoxy-2,8,8-trimethyl-4h,8h-bcnzo
1057 108  4.5-Dihydrooxazole-5-one, 4-chloro (1,2-b:3.4-b’|dipyran-4-onc
1236 24.53 2,3-Dihydro benzofuran
1282 6.96 2-Propenoic acid, 6-methylheptyl-ester Table 9. Antioxidative compounds of each Fraction in leaf through
1349 8.84 1H-Indole (1-benzazole) GC/MS after Sephadex LH-20 column chromatography
2393 1.53 L,1,1,3,5,7,9,9,9-Nonamethylpentas
39.87 323  Hexadecanoic acid, methyl ester RT _ awa(%) Compounds
4117 1655  1.2-Benzenedicarboxylic acid, dibutyl ester 287 7881  Dimethyl sulfoxide
4567 581  9,12,15-Octadecatiencic acid methyl-ester 3685 630 D-Ciwonellol
4605 178 Phytol 3839 1539 2-Methyl-2-methyl-7-octadecyne
1235 3534 2,3-Dily dro—benzofilran 39.89 473 Methyl he%adecal_loat_c ‘
1261 112 4-Vinylphenol 45.67 398 11,14,17-Eicosatrienoic acid, methyl ester
. . 46.07 6.64 2-Hexadecen-1-ol, 3,7,11,15-tetramethyl-,
1281 292 2-Propenoic acid, 6-methylheptyl esler o
1629 1798  4-Vinyl-2-methoxy-phenol [R-[R*R*-(E)]]- . .
4]1.18 402 1,2-Benzenedicarboxylic acid, dibutyl-ester 4.1 19.24 Benzeneethanol, alpha.-[2-(dimethylamino)-1-
- methyleryl]-
302 4.24 Sulfide, sec-butyl isopropyl 499] 144 2-(Acetomcethyl)-3-(methoxycarbon)
743 1148 Levophacetoperane 287 8180  Methane, sulfinylbis-methanc
788 234 d-hydroxy dimethyl furanone 662 177  3-Fluoro-2.5-dimethyl-2.4-hexadien
881 292 4-Piperidinone, 2.2.6,6-tetramethyl- 1630 1.0 4-Vinyl-2-methoxy-phenol
12.39 4.7 4-Vinylphenol - - 2292 737 1,6-Anhydro- /5 -d-glucopyranose
1631 16.65  4-Vinyl-2-methoxy-phenol 503 434 Propaonic acid, 2-mercapto-,1-methyl-
1784 122 Phenol, 2.6-dimethoxy- 883 6.1 4-Piperidinone, 2,2,6,6-tetramethy
2288 270 1,6-anhydro-beta-d-glucopyranose 1633 2.49 2-Methoxy-5-vinylphenol
3987 272 Hexadecanoic acid, methyl ester 39.88 1216  Hexadecanoic acid, mothyl ester
41.19  2.46 1,2-Benzencdicarboxylic acid, dibutyl phihalate 4].18 2.85 1,2-Benzenedicarboxylic acid, dibutyl ester
45.69 246 Methyl(Z)-5, 11, 14, 17, cicosatetrae 4547 287 11,14-Eicosadicnoic acid, metyl ester
45,68 3342 9,12,15-Ocradecatrienoic acid, methyl esler
Table 8. Antioxidant compounds of each fraction in root through 4606 160 Bicosane, 9-n-octyl-
GC/MS after Silicagel column chromatography. RT arca(%) Compounds
RT area(%) Compounds 477 727 Tetrahydro-1,3-oxazine-2-thione
39.89 9.83 Hexadccanoic acid, methyl ester 504 474 Urca n,n’-bis(2-hydroxyethyl)
41.19 2648 1,2-Benzenedicarboxylic acid, dibutyl cster 7.89 3.36 3,4,5,6-Tetrahydro-1,3-dimethyl
4548 3404 9,12-Octadecadienoic acid (Z,Z) 1240 532 2,3-Dihydro-benzofuran
45.67 20.60 9-Octadecenoic acid, methyl ester 1633 3146 4-Vinyl-2-methoxy-phenol
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16.80 113 4-(p-Chlorophenyl)-2,6-diphenylpyr

2394  1.68 3’ 4 -diazadispiro[2.2.2.2 |deca-6

39.88 1.52 2,4-Bis(Methylthio)-6-chloro-1,3 5-trizaine
2394 296 1,1,1,3.5,7.9,9.9-Nonamethylpentas

39.87 7.66 Hexadecanoic acid, methyl ester

4545 1.99 1,4-Cyclohexanedimethanamine

4567 391 Methyl-11,14,17-eicosatrienoic acid

46,80 7.60 Bistrimethyln-acetyl eicosasphinga-4,11-dicnine
49.88 4.04 Bis-cyclopentadienyl chlorophenyl

Table 11. Obtained sample wi. from Fr. 6 in root and Fr. 6 in leaf
afier Sephadex LH-20 column chromatography. (9 - 9

Portinal Weight Fr.1 Fr.2 F.3 F.4 F. 5 Fré6

R
(FOO;) Sample 0.0030 0.0031 00661 0.0064 0.019 0.2841
T. .

Leaf

o g Sample 00070 00109 02753 03994 00336

Table 10. Antioxidarive compounds of each Fraction in root through
GC/MS alter Sephadex LH-20 column chromatography

Table 12. Anioxidative activity after Sephadex LH 20 column

cliromatography.

_RT area(%) Compounds Stock  ICs
287 7881  Dimethyl, sulfoxide Sample  Fr V625 1125 125 15 T
2037 344 1,3-Disilacyclobutane, 1,1,3,3-tetramethyl 33 0930 0 0728 200 =
40.77 596 3-Methoxy-11h-benzo[b]fluorene-11-one L 0937 09 ' 889 0.72 -
41.45 1.40 5—MeLh0xy—2,8,8-U'imethyl—4h,8h—benzo Rumex CI"iSpltS 2 0.941 0.932 0.761 0310 0.303 18.29

N [1,2-b:3,4-b’ |dipyran-4-one 30965 0956 0911 0877 0512 »200
617 016 Phenol, 2,6-dichloro-4-nilro- Leat 40925 0920 0763 0348 0328 18.4]

2 Vinyl-2- _she
1636 273 4-Vinyl-2-methoxy-phenol 5 0951 0932 0.880 0.686 0.685 200
1653 0.5 4-Hydroxy-3-methylacetophenone
17.63  0.16 2-Nitro-4,6-dichlorophenol 1 0964 0.894 0.8838 0.886 0.795 =200
3134 783 2-(4-Methoxypbenyl)-n,n,2-trimethyl- 1-pyrrolamine 2 0966 0.888 0.630 0.140 0.138 30.01
4076 24.06  2-Hydroxy-2-phenyl-1-acenaphthenone Root 3 0914 0.813 0499 0.135 0129 3807
41.19 8.05 l,Z—BelllzenedllcarboXyllc acid, butyl 4 0905 0776 0208 0.171 0.135 357
2-metylpropyl ester ) .
4145 1238  5-Methoxy-2,8 8-trimethyl-4h,8h-benzo 5 0963 0.892 0.794 0575 0.177 166.63
[1,2-b:3,4-b*]dipyrand-one 6 0964 0.879 0.634 0.166 0.162 28.85
1283 152 10-Bromo-7hydroxy-11-lodolaurenc
1636 238 4-Vinyl-2-methoxy-p _henol Table 13. A part of cnzyme activity in Rumex crispus.
3069 1.74 1.3.5.7.9-Pentaethylbicyclo[5.3.1]hexane —_—
3133 825 2-(4-Methoxyphenyl)-n,n,2-trimethyl-1- Peroxidase activity Superoxide dismutase activity
pyirolamine Pant unit/g . . unit/g ! o
3988 204 Hexadecanoic acid, methyl ester Fr wi unit/mg protein Fr wi unit/mg protein
40.77 2535 2-Hydroxy-2-phenyl-1-acenaphihenone
-
41.18 8.48 1,2-Benzenedicarboxylic acid, butyl ester CaHu_s 027 0.01 84 3.2
1281 279  2-Propenoic acid, 6-methylhcptyl-este Leat 014 0.02 314 3
t(6-methylheptyl acrylawe) Stem 0.12 0.44 19.5 24.4
1633 0.56 5-Methyl-2-(1-methylethyl)-phenol Root 0.12 0.05 322 9.5
3133 843 2~(4-Methoxyphenyl)-n,n,2-trimethy-1-pyrrolamine
3088 1.48 1,3-Methyl-pentadecanoic acid o u o _ _
? AL &hek E Alslgoe] o =
4077  23.13  2-Hydroxy-2-phenyl-1-acenaphthenone done 73 5% AR FFoht v°°_ poe ]_ __] ‘v';i] e
4118 1230  1,2-Benzenedicarboxylic acid, butyl ester Wt 2(Tablel2) EFE E47te] AFFET TF vlSdl g
4145 18.16  4-Benzylidene-2-tert-butyl-3,3,5-trimethyl-1,2- 3 AsAfe] 7)0E Aoz Az
diaza-3-sila-5-cyclopenten
46.83 1.3l Deca-6-3" 4 -diazadispiro[2.2.2.2]

"RT arca(%) Compounds

1632 1.96 4-Vinyl-2-methoxy-phenol

17.86 045 2,6-Dimethoxy-phenol

23.00 395 1,6-Anhydro-beta-d-glucopyranose

31.34 1993 2-(4-Methoxyphenyl)-n,n,2-trimethy- 1 -pyrrolamine

40.77  30.81 2-Hydroxy-2-phenyl-1-acenaphthenone

4145 3375 5-Methoxy-2,8,8-trimethyl-4h,8h-benzol
[1,2-b:3.4-b°] dipyran-4-one

745  0.68 1-Acetyl-2-pipecoling

3133 2648 2-(4-Methoxyphenyl)-nn,2-trimethyl-1-
pyrrolamine

40.77  28.79 2-Hydroxy-2-phenyl-1-accnaphthenone

41.45 39.39 5-Methoxy-2,8,8-trimethyl-4h,8h-benzol

[1,2-0:3.4-b"\dipyran-4-one

SHE BN

GCMSZ Aozl Fu3tEd & Hg FZEAAM 26
Dichloro-4-nitrophenol, 2-Iso propyl-5-methyl phenol, 4-Vinyl-2-
methoxy-phenol 5 #H=4 E=3 2 3-Dihydro-benzofuran}
@'Q furan | ?“5]-)\1;5]- %115.01 EX‘E]‘}\,{;_ I ’“‘-’f— TEE

LTF
g
a
S
(%) ]
o
do,
E‘J
(5~}
5
G
=
_>.:
Bﬂ
_8,
_l
g
L
PF
[
foke
]If,{l
rtm
rlo
0 |
[s)
- U

9111] BE 1l_T'-- C’]E:]?ﬁ AJ\LEH ]y EHEW]M]“ 7“{’]7]"‘5 2t
¥ el QeEY 217 wEe 9 Sl fEA AY
(monofunctional inducers)e] #H=F 2l FdQivjeluliFrL
Ha, o]F 7)% x4 B (bifunctional inducers)el
BA2 S EdxNEA, UDP-ESEEA Sussizd),
NADPH-7|e=  elHelAs} o FAHso|=zezEe] AUt}
(Wattenberg, 1983)(49). HEFd ¥Ew C, ¢33 =33HE,
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1) Identification compounds in root.

Figure 4, Structure of 2,6-Dichloro-4-nirophenol.

HO.-.

Ie;

Figure 5. Structure of 2-Isopropyl-3-methylphenol.

2) Identification compounds in leaf.

Figure 6. Structure of 2,3-Dihydro-benzofuran.

 lsoonsyme palticrn

[

- soD 1
1. callus 2. leaf 3. stem 4. root

Figure 7. POD isoenzyme paitern of callus and live-plant.

AL, ZE FL ollEE ¥H ey 2IFAL o
Sele] ool BAHY Aol weH BE 34 AASHE o
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1. callus 2. leaf 3. stem 4. root

Figure 8. SOD isoenzyme patictn of callus and live-plant.
oAz B UEQEE(Mirvish, 1981)(50), 2,6-Dichloro-4-
nitrophenol ¥} 2-isoptopyl-5-methyl phenol& GC/MSZE E-43)
o do AF e F 2 BT njz 207 b'lse peak= 7}
Az slew, 17449 OH7]E 712 Atk 4 FEEA
A& Ha, ¥A=E  2,3-Dihydro-benzofuran2  Silica gel
columm Chromatography 2o 34.24%2] 714 ©2 ks
K47, Sephadex LH 20-columm Chromatouraphy_'—?"_ 2 A gl
Bz Ui #e gagou) 2365%9 F&FL HYD F
Q 42207 YARE ARER, 48 AH 01 24, 3
2, A1—% —%—EH o Rolo] et B A5G, 4B, 4B
of zkel7t g HolER o
B A9E AFt ¥ Ho= A}E%ﬂ:

AT Alol2] A ~(callus)S} 918 PODS} SODRAL A
71995 ¥ (electrophoresis) 2 o] &3l 235 @1} PODHIEA
(Unit/mg protein)-- -+-711 180) (.44 IUjmg protein, SODH| &
A(Unit/mg protein)= 27]7] 244 IU/mg protein® 2 Y] s}
dETh EFTh A7 ZJJ Jo] Zejzel ) F-9PE POD

19 dab el Aduis 379

isoenzyme pattern EA

isoenzyme, i} Z7|REL

o2 vehdch 7] 95 oM #HA o]%¢ isoenzyme 4
o8 PODI oM 42 FGe L (Figure 7), 22309 callus
g} HoPE SOD isoenzyme U4te] BAAu= ¥ajgl Ags
= 1709 isoenzymee] viElykou) Q3 27| gabe] g
A st A7)95H oA FHA o] =3 iscenzymes o E
50D 12 USLQE}S&E]-(Figurc 8). 8 213} A HaloA= &

C-||

2709 isoenzymeo] EA|EE A
.

) o] ©g0) 7 werech AAER FAANE 201
BEo) $4o] 58 Foz o, Bed Bz @ 44
e o R T
29) BE o2 A% B 2 ok oA U4 SODEE
FHEAIE ¢ho) 230y +) FhRtst geAlA B4lE)
ZA(H0)8 ALBAH0NE VE= A8e Ei) dad 2

S5 EAZ AW dEE AEE F23 BFon

(Misura, H.P ct, al., 1972)(51). S0Dg] &} & w88 Holul
77 ok Be 3% oles] EA sl TATolH, olF 2

Golest AYFHETM weh G8aTt LeAle, B Ah
A7 ARz Fod FHiolth
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o ok
|

el et F4e £4L gldou A&
dgoF 0]%5104 2 g Aol (Rumex crispus.)s] & 4¥8l =
44 -‘Q”‘é‘ﬂ s Agstack & 48 F44 S35 DPPH
] AAVEE o851, Rumex crispus, Rumex
acetoceae$t Rumex nippponicus®] 3}21sled8 DPPH ol ¢
o 249 29 355 B2 Yuno] wel> P> B9 =
o= 7 L}E}B&E}. Bz 325 FlaEe 50% 94 &
©| Rumex crispus ; 6.1 yg/ml, Rumex nippponicus ; 9.8 /J"/]ﬂL
Rumex acetoceae ; 25.3 yg/mlLe] =07 Aol A Vel
th o FEE th3}k 1Cso¥ko] Rumex acetoceae ; 31.5 ug/mL,
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