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Antioxidative Activity of Rumex crispus L. Extract
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Abstract - The objective of this study was to investigate the antioxidative capacity of ethanol extracts from Rumex crispus
L. The concentration of R. crispus L. extract at which DPPH radical scavenging activity was inhibited by 50% was 2.15
mg/mL, which was lower than that of a-tocopherol (0.43 mg/mL), as compared to 100% by pyrogallol as a reference. Total
antioxidant status was examined by total antioxidant capacity against ABTS radical reactions. Total antioxidant capacities
of R. crispus L. extract at concentrations of 0.1 and 1 mg/mL were 0.47 and 2.33 mM Trolox equivalents, respectively,
which were higher than those of a-tocopherol. Superoxide scavenging activities of R. crispus L. extract at concentrations of
0.1 and 1 mg/mL were 21.5 and 78.9%, respectively, which were not significantly (p>0.05) different from those of catechin.
Oxygen radical absorbance capacities of R. crispus L. extract at concentrations of 20 and 100 ug/mL were 62.5 and 156.4
uM pM Trolox equivalents, respectively, which were lower than those of ascorbic acid. Cupric reducing antioxidant
capacities of R. crispus L. extract at concentrations of 0.1 and 1 mg/mL were 0.28 and 1.88 mM Trolox equivalents, which
were similar or significantly (p<0.05) higher than those of a-tocopherol, respectively. R. crispus L. extract prevented
supercoiled DNA strand breakage induced by hydroxyl radical and peroxyl radical. Total phenolic contents of R. crispus L.
extract at concentrations of 0.5 and 5 mg/mL were 0.58 and 3.85 mM gallic acid equivalents, respectively. R. crispus L.
extract at concentration of 0.1 and 0.5 mg/mL inhibited 0.2 mM tert-butyl hydroperoxide-induced cytotoxicity by 38.5 and
63.5%, respectively, in HepG2 cell culture system. Thus, strong antioxidant and cytotoxicity-inhibiting effects of R. crispus
L. extract seem to be due to, at least in part, the prevention from free radicals-induced oxidation as well as high levels in total

phenolic contents.
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Fetal bovine serum(FBS)-2 Lonza(Walkersville, MD,
USA) 25 11051911, pBR322 DNAS KOSCHEM(Seoul,
Korea) 0. 2 EE 9]5}%1 1, GelRed nucleic acid gel
stain Biotium(Hayward, CA, USA) 0 2 X E] 1351
O RASE B BT A o] AFSE T2 BE Ak
E2 BAF oJAC & Sigma—Aldrich Co, (St, Louis, MO,
USA)BHE #4ste] ARSI, HPLC &40 A&t
CH5CN, methanol, trifluoroacetic acid+ 2%+ HPLCH

S Z Avantor Performance Materials(Center Valley,

PA, USA)OIA F-dato] ARESHA.

aegel 228

Lol T AN TRIEH0] 2 A7 A
B2 ARSI d2E AR 500 g& wiafsto], 2o
2 2P ZS B2k 7] round flasko] ¥l 450 mLo)
95% o2 A7}5to] &3t & heating mantal(E105,
Minsung Scientific Co., Seoul, Korea)E 80CojlA] 44|
1 7E g FEIAE o] S 33 WHES|o] ¥ 5
Z%5 Whatman No.2 oA 2 ofa}ste] EE2 A7
oI}, o 8 A7 (Eyela N-1 NW, Tokyo

wee] FEEe] YAt A

Rikakikai Co,, Tokyo, Japan)& AR&-3}o] 45Cof|A 7+
A EEARCH, FAUE F 725 g9 FEES Ik
o} 2ol FEE FHAIA] ~80CoflA Byskint,

[

,1-Diphenyl—2-picrylhydrazyl(DPPH) &A&A
<]

DPPH 2}tz AAZH]S Malterud et al,(1993)9] W
Hol| whe} 243519tt DPPH £ (45 pg/mL methanol)
& FEE S ths 515 nmolA SFE9] HAE 30
% 7tA0 7 587 243519 th §3 == GENESYS 108

Ay

spectrophotometer(Thermo Scientific, Waltham, MA,
USA)E Alg-38lo] 2438199t} DPPH AAEA-E pyrogallol
£o1(125 ug/mL DMSO) 9] &34 %= 74AE 100%2 7|53}
o] 7|8kt mSH oFA RO E a—tocopherolS
AMg5to] DPPH 4784 1] 2819t

Total antioxidant capacity(TAC) &3
Z5 k8l s(total antioxidant status)< Trolox equivalent
antioxidant capacity(TEAC) W'HE 443t Erel(2004)
o] uhHof wlg} TACE 2A3519ith 22E9] 0.35 M acetate
=goli1l 0,89 mM 2,2 —azino—his(3—ethyl benzothiazoline—
6—sulfonic acid) diammonium salt(ABTS) €91 2l 0 44
mM H:0, 89 52 715kl 3t 7 54 $ofl 660 nm
ol Al %‘aLE% g3ttt Troloxg RETAIFORE ARG
ZA5E I, TAC BA4E mM Trolox
equivalent® F7|319Ck ESE 9FA 2O 2 a—tocopherol

& AHg3te] TACE Wl ZARBAC,

m[o _11)1.
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Superoxide AAEA &3

Superoxide AL Liu et al.(1997)2] HHo| wh
2} 243519 ct 2559] 62 UM nitro blue tetrazolium
(NBT)Z} 98 uM [B—nicotinamide adenine dinucleotide
(NADH)E 3153t 20 mM Tris 2N (pH 8.0)2 &35t ¢}
2. 20 mM Tris &1} 33 uM phenazine methosulfate
(PMS)E zHzF H7}slict &, Hjah & o2 PMS/NADH

2 §H9E superoxide= NBTE A=A 9] formazan 0.2
LA 7Y, BAE formazand =437 Y8l 560 nm

oA 10 H oL U B9 S E =% -5—]_93\1—4_' XL
superoxide 7‘]35“4 (%)L [(ZYEzzeny)—S0 T azs)/
BT rzurap]X1009] A O 2 l’}b}‘}it‘n E3}, kA
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Oxygen radical absorbance capacity (ORAC) &3

ORAC+ Huang et al.(2002)2] #of wet S=&&0]
6>10"° mM fluorescein 8-S H7}s}aL 37CollA 1087t 7}
d3t o2, 19 mM 2,2 —azobis(2—methylpropionamidine)
dihydrochloride(AAPH) &8-S 7|8t T, GEMINI XS
fluorescence microplate reader(Molecular Devices,
Sunnyvale, CA, USA)E AF&3}o] excitation T4 485
nm?}t emission T3 530 nmof|A] 28 7HAo = 60ETH
FHEES S, EFAFLE TroloxEs ARESHS
W, EFA|F} 2EE9] area under the curve(AUC)E
S48, ORACE EFAOF F=2F AUC 9] 3=
A& 0]835te] UM Trolox equivalent® X7|8}%TH E
OFA TZRFO 2 ascorbic acidE ARE3}] ORACE

i 2 AT,

3

Cupric reducing antioxidant capacity(CUPRAC)
2%

CUPRAC+= Apak et al (2004) 9] Wrol ulet 24313
t} F&5E9) 2.44 mM cupric chloride £H%} 1,83 mM
neocuproine ¥ 0.24 M ammonium acetate &rZgH
(pH 7.0) 5= F7lskal 943k 7, A=A 1A7F ¥4
g ¥ 450 nmoA FHEE ST TroloxE #7A|
ooz Afgelel REFAS UL, CUPRAC M4
2 mM Trolox equivalent® 37|35}t g FA] gz
O 2 a—tocopherolS ARE35}o] CUPRACE W|IL XA}
SFAT

Supercoiled DNA Strand A%

D Hydroxyl radicalo]] 2J3F DNA strand A% Hiramoto
et al (1996)2] W ol wa} =43}t Supercoiled
pBR322 DNA 0.2 ugel] F&&5& 91 0.1 mM HyO
EHT} 0.1 mM FeSO; §H& Tl 37°Coll A 1A17F
Fatct. A RO R sesamolS ARSI

@ Peroxyl radicalo] 2J8F DNA strand AT Hu et
al (2000)2] Wil wet Z43F3It}, Supercoiled
PBR322 DNA 0.2 ugo] 2252 U1 5 mM AAPHS}
A 37TCoA 2A7F wiFstATt ¥ dxToR

TroloxE ARE-SIATH

wfjoFo] Byt e, gel loading bufferS 7|81, 0.01%
GelRed nucleic acid stain®] Z3+% 0.8% agarose©] Al
71952 AASISATE AR sloll A ARle et 7,
DNA band®] density= Image J 1,44 program(NIH,
Bethesda, MD, USA)S ARg3dlo] 243190, 4R
0] F&E9] supercoiled DNA strand AT A &7=
supercoiled DNA strand®] retention percentS =%t
023 ZABIATE Retention percentt (Asample/ Anative)
X 1009] FA| 072 AR O Agmpe SHZ T =5
= A A]9) supercoiled DNA strand®] amountE UE}
W, Anaiver= 22T 25 FA4 A1 supercoiled
DNA strand®] amountE YepdATH

Z9]= =K (total phenolic content) =3

225 2= IR Singleton and Orthofer(1999)
o] Whof| wlz} 2250 0,08 N Folin—Ciocalteu A|2FS
H7pstar 2ol A 627t HAIS v, 3% NayxCOs &9

A5 A A &4

selgo] 252 AEEY o4 ENE 2] 9
3l|, tert—butyl hydroperoxide(t—BHP) 2 3= % HepG2
Al zujFA R oA FEE 7ol ot A2 Eds 34
319t HepG2 AJE(KCLB No, 88065)+= 3hHtA|EF2
oz HE LAt HepG2 AHIEZE 10% FBSE} 100
U/mL penicillin ¥ 100 yg/mL streptomycine®| E3H=]
RPMI-1640 Hj#| S AR&3}o] 5x10" cells/wello] HE=2
24—well plate(SPL, Pocheon, Korea)o] £33}1 37C,
5% COy incubator(NAPCO 6001, Precision Scientific
In,, Chicago, IL, USA)of|A] vjeFstitt 100% confluent
of =Ygt & t—BHP(0.2 mM) ¥ Ajo] &5 X
Shel AR mASkAL 5A17E ot i FeFlcE, Hiokels
AASHL AE 5o Mosmann(1983)¢] ®rgof whep
thiazolyl blue tetrazolium bromide(MTT) A]2H5 mg/mL)
£ H7sta 37C, 5% CO; incubatorol| Al 3A|7F vjekst
% 0.04 M HCL &5 3715t F 570 nmo|A FE=S
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SATORN MTIT s SASHITE A= A
T8 MIT 2 100%2 7]Esto] A2l MTT gro=

HPLC &4
#2 SR FEES A wlgse] =o]aL, 0.50 um
syringe filter2 o113t &
module, Prostar 325 UV—Vis detector® J+4%¥ HPLC
system(Varian Inc., Walnut Creek, CA, USA)of F¢]
5199t} HPLCE A™-& Shiseido(Tokyo, Japan) Capcell
Pak C18 A™(5 pm, 250 mmXx4.6 mm i.d.)o|3lct 9]
ZA 22 A 8= 0.05% trifluoroacetic acid(TFA)
LA AE5FR A, B f1fl+= MeOH—CH3CN(60:40)2 3%
slsl 0.05% TFA 88 ARG oH, o]FAte 554
=% 1.0 mL/mino] 132, g2 248 v ZrHo
min, 85% A:15% B; 0—35 min, 35% A:65% B; 35—42
min, 0% A:100% B; 42—49 min, 85% A:15% B). A2]4

T 14 9 254 nmo|A 408 FoF =%
HEooRE 27e) peak WAS ol T AL
2 #3U310]

o784 e Astdd. #+E=(1 mg/mL)

< Prostar 210 solvent delivery

S5 2 st 242 I EAREAS ARESH]
ZARIA A, EEY HA4k9) x}o]= Duncan's multiple
range test(Steel and Torrie, 1980)E AR&81e] p<0.05
A K CLEEE
AL B VLt IE T-BHE AGEH pC0.05
A ol ZAflSIc

DPPH |z £AEA

agfo] F529 =¥ DPPH 2tz
Fig. 19] U} 9t} Pyrogallol®] A€ 100%2 7
250 o 2ol 289 0.01 mg/mL FEOA
DPPH 2ttjZh £2AZLE 2.2%01901L, 58 =7 5
TFEE AABAE F71810], 0.1, 0.5, 1, 2.5 9 5

s
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Fig. 1. DPPH radical scavenging activities of R. crispus L.
extracts. Data results were expressed as % radical
scavenging activity relative to 100% radical scavenging
activity of pyrogallol solution as a reference. Each bar
represents the mean + SD of quadraplicate determinations.

W extract, [: a-tocopherol (positive control). “**'Values

with different letters are significantly different at p<0.05.
*p<0.05 when compared with the extract within same

group.

mg/mL FE9| FEES ZF7H11.9, 33.4, 46.5, 66,3 U
83.3%2) 271232 Uehgict, whlol, epidjzo
A3 a—tocopherol®] DPPH 2tt]Z &AL 0.1,
0.5 ¥ 1 mg/mL FZo|A ZFZF 20.0, 71.1 ¥ 94 6%=
Ueht, 42Ao] &89 DPPH 2Ht|zr AAEA 0] «
—tocopherol®] OF AHFQ)S. oF 22 9loir} EIFl ZEE
S0} DPPH eftiZt AAZA 78] SITRA A3 50%
o aftjzk 2740 Wast AujAo] &0 T (10k)
+ 2.15 mg/mL= UERd ¥, a—tocopherol®] DPPH
052 0,43 mg/mL2 e, 4:240] F28¢| DPPH
2]z AAE4do] a—tocopherolof H]3 W& & 4= Q)
ot} 2z|Aolo] DPPH gjt]zt A7 AL Hol ul =2
_Q.thHE /\Po]s};]] Eﬂﬂ_]‘l o) : ,,_E]Z(EO] E] Oﬂ%%
559 DPPH itz &7 842 BHA 249] 1/30]2}

3 H3E v QLo K(Kim ef al., 2010), FAF Ei AAHE
oot EFEE B Erf wEgE+E=2 DPPH @
Uz 271242 BHAS AR Yebgthal Balg up
Qlth(Jeong et al, 2006; Maksimovié¢ et al,, 2011; Suh
et al., 2011),

- 571 -



HHEHEEE Korean J. Plant Res, 25(5) : 568~577(2012)

>
N a

AL TroloxS EZEZRE AMEste] ABTS @}
of tigt 2AZE FF=R S, &Aool

=9] F=¥ TAC Fig. 2] et Qlth. &gAo]
=5 0.01 mg/mL E%9 TACE 0.14 mM Trolox
on, FEE Tt Sl Wk TAC
T HEHoR F7ketA, 0.1, 0.5 ¥ 1 mg/mL FEolA|
= 7171 0,47, 1.33 ¥ 2.33 mM Trolox equivalentS L}
e let, "hof|, oFdtiedto R ARE
9] TACx= 0,01, 0.1, 0.5 ¥ 1 mg/mL g=oA 24z
0.11, 0.29, 0.83 W 1.49 mM Trolox equivalent® &%
ok 2 sRoA o] FEE9 TR0l a
—tocopherolo] H|] F-92 02 (p<0.05) =A =0,

Ao 2&E9] ABTS &)zt 24 &A] o] a—tocopherol
of vl €rYse oF 2= 919]

===

e of

N O

N rLHN'

equwalentO] Ao

3t a—tocopherol

Superoxide .’}:7-]%/‘“
Superoxide &
3= 100%2 7]—-—0}01 FE2E 7R FEE HMIE
superoxide A4 AAE&E FAFIT}E Ag|Ro] 2EE]
5= superoxide 27 Fig, 39 YERY Qlct A2
0] &5 0.01 mg/mL =9 superoxide AZSAIL 3.1%
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Fig. 2. Total antioxidant capacity of R. crispus L. extracts.
Data results were expressed as in terms of mM Trolox
equivalent. Each bar represents the mean + SD of qua-
draplicate determinations. ll: extract, [ I a-tocopherol (positive
control). “**Values with different letters are significantly
different at p<0.05. *p<0.05 when compared with the
extract within same group.

I , FEE Tt SR wet AR E FTst
o], 0.1, 0.5 ¥ 1 mg/mL 5=o||A superoxide &7&4
& Z47F 21,5, 61,1 9 78, 9% = rEFTE RHHo|, I Th
ZO 2 ARESE catechin®] superoxide 278432 0,01,
0.1, 0.5 W 1 mg/mL sof|A ZF2F1.8, 22.3, 60.8  80.4%
2 SAEY. BE FolA 2eAo] $5E3 catechin
219 superoxide 2ATHoIE £2IHAH0.05) Holrt
TEER] grof Ag|Ao] 2EEO] superoxide A
o] catechin®| Z/J3} frAke & 4= AUk

o)

ORAC

ORACE AHfrett]z &/l tigt oA A7t o
DT vtgsle ISR Troloxg REad R AR
sto] AAPHO] ofsl] A3l peroxyl 2tt]Zol that 242
AL Uehdith, AgjAo] 22520 =¥ ORACE Fig, 4
of Yeh Qlek 10 ug/mL FkoflA] LA F5E9)
ORAC:= 38.2 UM Trolox equivalent®]$l oW, 25 =5
7} Z7¥alo| Wl ORACTE 27151, 20, 50 2 100 ug/ml
o] Ag|Ajo] 22E0| ORACE 77} 62,5, 112.2 @
156.4 UM Trolox equivalent® UERITH whHo||, oFAIT)
Z 02 A3 ascorbic acid®] ORACE 10, 20, 50 ¥
100 pg/mL FE=o| A Z+2F 39,9, 87.8, 151.1 ¥ 160.6 uM
Trolox equivalent® A %%t 10 pg/mL =5 A2
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Fig. 3. Superoxide radical scavenging activities of R. crispus
L. extracts. Data results were expressed as % inhibition
of the activity. Each bar represents the mean + SD of
quadraplicate determinations. ll: extract, [ I catechin (positive
control). “**Values with different letters are significantly
different at p<0.05.
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Fig. 4. Oxygen radical absorbance capacity of R. crispus
L. extracts. Data results were expressed as in terms of [
M Trolox equivalent. Each bar represents the mean + SD
of triplicate determinations. H: extract, []: ascorbic acid
(positive control). “**“Values with different letters are
significantly different at p<0.05. *p<0.05 when compared
with the extract within same group.

3t HE oA Aol 2EE2] ORACY} ascorbic
acidof ]38l -84 2.2 (p<0,05) WA &= o], AgAo]

FZE59| peroxyl 2t AAZAI 0| ascorbic acido] H]
3 W& o 4 Tk

CUPRAC

CUPRAC+= Trolox& ¥&E4=E /\]"RO]'O% TejolL gt
Q90 S FHET SHslgon], selde] 2%
4% CUPRACE Fig, 50 Uieht olch, 4] 23
= 0.05 mg/mL X9 CUPRACE: 0.12 mM Trolox
, F=E T2t Skl Wk CUPRAC
T HgHoR F7ste], 0.1, 0.2, 0.5 ¥ 1 mg/mL 5%
A= 2y 0.28, 0,51, 1,24 2 1,88 mM Trolox equivalent
£ UERNIL, BhdHof| RO 2o 2 AR a—tocopherol
9] CUPRAC= 0,05, 0.1, 0.2, 0.5 @ 1 mg/mL S=oA] 2
7+ 0,13, 0.25, 0,48, 1,08 ¥ 1,67 mM Trolox equivalent

2 AU, AszoMes 94 2ot HAEHA o
UATE, 0.5 mg/mL o]Fe] FolA Aol FEES]
CUPRAC7} a—tocopherol®] H]3}| 524 S & (p<0.05) oF
2 7 Wslol, el 5B Felole Fzol

equivalent®|%}.0.

gl 2580 Yot Ak

= 2.0
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®
o
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Fig. 5. Cupric reducing antioxidant capacity of R. crispus
L. extracts. Data results were expressed as in terms of mM
Trolox equivalent. Each bar represents the mean + SD of
triplicate determinations. ll: extract, [I: a-tocopherol (positive
control). ®**Values with different letters are significantly
different at p<0.05. p<0.05 when compared with the extract

within same group.
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Supercoiled DNA Strand Agt 93.11]_5.?—]-

DNA A7|9%-L o]83l0] agjdo]| 228 =W hydroxyl
itz 9 peroxyl #t]jZo] Q&) S-=% DNA strand At
of v]X|«= &= Fig, 63} Table 10] YEh Itk Fenton
AeFQl Ha009} FeSOs A 2ol o3l A/ E]= hydroxyl 2t
]z ZAY5}0]|, pBR322 DNA2Q] supercoiled form-2 nicked
open circular form ¥ linear form© 2 ZA3EtH(lane
1 vs 2, Fig, 6A). Hydroxyl &tz £x)3}9] plasmid
DNAZ 4|0 2&E3} 37 vioFslaS wf, 0.001 mg/mL
9 &5 A7}= supercoiled DNA strand AT
A F| 9RItHlane 2 vs 3, Fig, 6A), 1Y, &5
27} Z718te|| W} nicked open circular formS Zra
3} HFH supercoiled form& Z7}stod, 0.01 2 0,05
mg/mL EEof| A supercoiled DNA strand®] retention
percent= 717} 292 U 39 5% eIt E£3], 0.1
mg/mL §=0] Lgjo] FEEY} YL AR
TYT =9 sesamol 7ol hydroxyl zttjzro] ofjgt
supercoiled DNA strand®] retention percent(82.9 vs
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@A)

(B)

Fig. 6. Electrophoresis of pBR322 DNA treated with
hydroxyl radical and peroxyl radical in the presence of R.
crispus L. extracts. (A) hydroxyl radical was generated by
0.1 mM H,O, and 0.1 mM FeSOs; (B) peroxyl radical
was generated by 5 mM AAPH. Lane 1, DNA alone;
Lane 2, DNA+radical; Lane 3, DNA+radical+0.001 mg/mL
extracts; Lane 4, DNA+radical+0.01 mg/mL extracts; Lane
5, DNA+radical+0.05 mg/mL extracts; Lane 6, DNA+
radical+0.1 mg/mL extracts; Lane 7, DNA-+radical+0.1 mg/mL
sesamol (A) or 0.01 mg/mL Trolox (B). N, nicked open
circular form; L, linear form; S, supercoiled form.

Table 1. Retention percent of supercoiled DNA strand with
the addition of R. crispus L. extracts in hydroxyl radical-
and peroxyl radical-induced pBR322 plasmid DNA breakage

Retention percent

Hydroxyl radical Peroxyl radical

Extract (mg/mL)

0.01 292 £ 5.7° 99 + 0.4°
0.05 39.5 + 14.0° 66.0 + 11.1°
0.1 829 + 2.9° 824+ 6.1°
Positive Control® 942 + 1.9° 9.5 + 0.7°

Supercoiled pBR322 DNA were treated with hydroxyl radical
and peroxyl radical in the presence of R. crispus L. extracts.
Retention percent of supercoiled DNA strand was calculated as
described in Materials and Methods. The values are means+SD
of triplicate determinations.

%0.1 mg/mL sesamol for hydroxyl radical- and 0.01 mg/mL Trolox
for peroxyl radical-induced supercoiled DNA strand breakage.
®elyalues in the same column with different superscripts are
significantly different (p <0.05).
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94.2%)°ll= #-92(p>0.05) Zo]7} HPAEA] ¢h¢ttH(lane
6 vs 7, Fig. 6A). AAPH A 2]o] 93] AA &= peroxyl
giolz ZA5loll, pBR322 DNAQ] supercoiled form-2
nicked open circular form % linear form .2 Zg-=| it
(lane 1 vs 2, Fig. 6B). Peroxyl @}t]Z Z25}o] plasmid
DNAES ax2|Ao] F&53 7 uiefslal i, 0.001 mg/mL
X9 55 7= supercoiled DNA strand Ztho]
oJBkS: 2| 9QFom(lane 2 vs 3, Fig. 6A), 0.01 mg/mL
‘= of| A= supercoiled DNA strand®] retention percent
= 9.9% AUA] &3kt 23U, hydroxyl 2t]Zde] 7
-9h= g, peroxyl 2|z EA8te] 0,05 mg/mL §%
9] 2&E AHVIA] peroxyl Tz 23t supercoiled
DNA strand®] retention percent+ 66.0%(vs 39, 5%)%
=7 Yelydth(lane 5, Fig. 6A vs lane 5, Fig. 6B). 3=

£ =7} Z71gho]| Wl nicked open circular form2 7+
A8 HHH supercoiled formE 7519, 0.1 mg/mL &
9] &5 H7A] supercoiled DNA strand®] retention
percent= 82, 4%%= UEPEAINE, FAHETOZ AREE
0.01 mg/mL %%=9] Trolox(96,5%)°] B|s]jAl=
DNA Ath a3p7} @A = ¢ltklane 6 vs 7, Fig. 6B).

supercoiled
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Fig. 7. Total phenolic content of R. crispus L. extracts.
Data results were expressed as in terms of mM gallic
acid equivalent. Each bar represents the mean + SD of
quadraplicate determinations. “**Values with different letters

are significantly different at p<0.05.
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, TEEF
w7h Z7hetel wet Fus ke vAOR Fbstel,
0.5. 1, 2.5 9 5 mg/mL s=of|A] ZH2F 0,58, 1.04, 2.3
9 3.85 mM gallic acid equivalent® UETH AKSH
/o] wrhal 4Rl MR E TE2Y 1 mg/mL
o] i d2Fo] Z12F 1,129} 1.95 mM gallic acid
equivalent® H 1% H} 9JoJ(Rhim and Choi, 2010, 2011),

aego] 2o

L 0,17 mM gallic acid equivalent®] .S
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Fig. 8. The effect of R. crispus L. extracts on HepG2 cell
viability. HepG2 cells were cultured for 5 h in the presence
of 0.2 mM t-BHP and R. crispus L. extracts. Cell viability
was determined using MTT method. Each bar represents
the meantSD of triplicate determinations. “**Values with
different letters are significantly different at p<0.05.

gl 2580 Yot Ak

o] MTTES 100%2 7)&38te] #7]819ct HepG2 A Zo
0.2 mM %%9] t+—-BHPE #7138t 5 5471 vjofFst Ax},
AZ HELEL 6.6%=2 UJEY, t—BHP7} HepG2 A2 &=
e oualgeS o 42 Qth HepG2 AEujoko| A
0.2 mM %29 t-BHP ZA5}lo] agRo] &5 0,01
mg/mL %2 H7H= 11.2%9] HE&Z Uit +
S5 Tt S7Kl et Al AEEE folHom
(p<0.05) F7ksto], 0.1 9 0.5 mg/mL F&oAl Z+2t
38.5 ¥ 63.5%= UEtETh & AolA B Aol
O] T2 54 oA ke AFol g S HigkE
FEE FoA A540] JAE M= 71E A2 Lee
et al,, 2007)9%E LA}l U},

HPLC ¥4

Bao) AFEE 5%2] F SIHEQ] retention time, ¥
Z AFA9] 374 L R’ value: Table 20| LfERLE
Qlth. Gallic acid, catechin, quercitrin, quercetin %
kaempferol®] linear range= Z+Z} 3.13~100, 6,88~
920, 1.56~50, 1.88~60 T 1.56~50 Lg/mLo| 3L,
detection limit-> 212+ 0,24, 1,51, 0,12, 0,08 ¥ 0,13 ug/mL
o] tHdata not shown), Ag]Ao] 2&E2°] HPLC B4
A= Table 39 YEY 9tk Catechin®] &0 32.1
mg/go 2 7P =7 YelRd HH, gallic acid, kaempferol,
quercitrin, quercetin 52 1 mg/g ©|3l= ZAE 0], o]
E9 ko] e Aoz e}

Tebd, 2 A AES seo] 5B Jeldt
s} fkeh AmEA o) FokE by Wl glom,
olelit BEEe Holw AferizEel A8 oo} RO
be gom AmE el g5 4o

o]3
Aol 2B YIS HE 24T 53 @ Fus} /1A

[N S R

Table 2. Retention time and calibration equation of standard phenolic compounds used for HPLC analysis

Compound Retention time (min) Calibration equation (linear model)Z R
Gallic acid 4.01 Y=243.27X+46.54 0.9997
Catechin 7.68 Y=28.78X+61.55 0.9995
Quercitrin 19.27 Y=458.11X+62.59 0.9998
Quercetin 24.63 Y=659.28X+87.33 0.9999
Kaempferol 28.70 Y=456.72X+56.83 0.9998

Y, peak area at 254 nm; X, concentration of the standard (lg/mL).
YR?, correlation coefficient for 6 data points in the calibration curves (n=3).
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Table 3. Content of poly phenolic compounds in R. crispus
L. extracts

Compound Content (mg/g extract)”
Gallic acid 0.86 £ 0.023
Catechin 32.10 + 0.189
Quercitrin 0.22 + 0.007
Quercetin 0.10 = 0.004
Kaempferol 0.31 + 0.007

“The values are means+SD of triplicate determinations.
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