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Antioxidative Activity of Extracts from Cichorium endivia L.

Hyun Woo Kang

Dept. of Korean Food & Culinary Arts, Youngsan University, Busan 612-080, Korea

Abstract

Antioxidant activity and neuroprotective effects of extracts from Cichorium endivia L. (CEL) on hydrogen
peroxide—induced oxidative damage in neuronal cells were investigated. The total polyphenol and flavonoid con-
tents of the water and ethanolic extracts from CEL were 36.2+0.99, 37.2+3.76 mg gallic acid equivalent/g extract,
and 46.9+5.22, 53.86+5.09 mg catechin equivalent/g extract, respectively. In addition, antioxidant activities of
the extracts were also determined by ferric reducing antioxidant power (FRAP), 2,2'-azino-bis(3-ethyl-
benzothiazoline-6-sulfonic acid) (ABTS) radical scavenging activity and reducing power. In an MTT assay
on the neuronal cells, the extracts showed a protective effect by increasing cell viability on hydrogen per-
oxide—induced oxidative damage in neuronal cells. Antioxidative enzyme (superoxide dismutase: SOD, catalase:
CAT) levels in cultured neuronal cells were increased in the presence of extracts from CEL. It was found that
CEL extracts inhibited hydrogen peroxide-induced Bcl-2 and Bax expression in neuronal cells. These results
indicate that the CEL extracts possess an antioxidant activity.
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ethylbenzthiazoline-6-sulfonic acid)(ABTS), potassium
persulfate, 2.4,6-tripyridyl-S—triazine(TPTZ)& Sigma
Chemical Co.(St. Louis, MO, USA)ol A F3}e] AFE3I3
ot d23tEA =AHo| AlE-E 1,1-diphenyl-2-picrylhy-
drazyl(DPPH)¥} catalase assay Kkit, superoxide dismutase
assay kits Sigmaol X FLstgow, Al wjkA oA 3
et 285 544317] A8 AR B AABAMEE Al
X323 (Seoul, Korea)ollA Fh3t] A3t 0 w3t
Dulbecco’s modified Eagle’s medium(DMEM), fetal bo-
vine serum(FBS), penicillin-streptomycin< InvitrogenAt

(Carlsbad, CA, USA)olA Fh3te A&t 1 99

WE RS BAE SFAGS Aesth 48 AHeE
A FES AT U B oBe e AT B F
2 AZ Ax FE AR 10 g& 3% S/ 500 mLe] 95°C
oA 1508 FF FEHAG FEEL ABANo. 11,

Whatman, Maidstone, England) & Z &S #| A3+ & ro-
tary vacuum evaporator(EYELA, Tokyo, Japan)Z &% 3}
3 FAAZE YT dEE FE2 AE X BT AR
20 goll ol gt 200 mLE #H7Iste] 22l A 120 rpme] A
B2 24A7H4 33 &S § FU3 HROE oAFel 7

=& 3t FAAX YT

Z Eolus & 55

% Z99E 2 Folin-Denis®H(11)S $&3lo] &
£ 1.0 mL9l 1.0 N Folin-Ciocalteau A]2F % 20% Na.COs
EAES 7+ 1.0 mLA 242 A2 s F 25~26°Coll A 307 WA
3 & B335 A (SECOMAM, Ales, France)E ©]-&3}

705 nmoll A FFE=E SG3FH T Gallic acid(Sigma Chem-—
ical Co.)& 0~200 pg/mLe] ¥=2 A xst A5 Y
3o g BAsle] A ¥F AFHNOFRE A E F&
2o F dHE §FS gallic acid equivalents
(mg GAE/g extract)2 YEeEM|T}

ABTS 39 gtjzo]
A A= Fod Efe

ARl HE A o] gMEE AL o] W 0 2 Park®} Kim
(12)9] WHE S8319d 7.0 mM ABTS €9 potassium
persulfateE 24 mMeo] HEE &3]A)7] o2 oA 1

2~16A17F F<F WhEAIF T o] & 410 nmoll A F3 =7} 15
= mLZ F 8}

1033 9Hg-A1A 414 nmol| A 33

==

FE= 10

FRAPZ 0|8t & et &3

Benzie$} Strain(13)2] WS $834o] 2

P33t = 300 mM acetate buffer(pH 3.6), 40 mM HCle]
T

£33 10 mM TPTZ 2 20 mM FeCls-6H05 247+ 10:1:1

ot

[}
3

(v/v/v)e Bl&2 &35t FRAP Aok A 23t 18
3 FfFEe] 1~5mg HEE 4% A5 0.15 mLo} 3.0
mL2] FRAP A1¢k& E351381al 37°Coll A 583 wH-g-A171 &
593 nmol A FHEE SH3AY. A= FeSO, -7TH0E
EFEAZ 89 mM FeSO, eq./mg extractZ E A ST

Mz BiQF

A7 AEe] ke DMEM s A9l 10% B84 171 FBS
E HUtsta FAAE mLE 10 pg ¥ AS AHESHA T
10~12¥ 9] Aie)dS S AEr) ebgd Aejoa 23
S APstPeh vl L= 37°CHOH 5% FE =2
COE AH&-3T

M= dEE £F

M E o] HEEL 3-(4,5-dimethylthiazole-2-y1)-2,5-di-
phenyl-tetrazolium bromide(MTT) 3+ WH-& 0|83}
ZA319 . A EE 24-well platesel] 5x 10" cells/mL 5=
210 mLA 235 H 243 1 wiksta 4 A RE HF
F=(0, 0.125, 0.25, 0.5, 1.0 2822 2.0 mg/mL)7} H ==
AZE o A st 24A17F B3 vl g3t T o] MTT &4
(5.0 mg/mL)S 7}3kar 37°Col A 42 7Fe vl kst MTTE
SHAAIA AdHE formazano] B XAl A E2]H A = F bf
A& AASI T DMSOE 200 L. EF3ke] 208 59 &3
g ¥ 540 nmol A FFEE SA3ATL

MzZAL &F

AEE PBSE Aol Y& 7] A 154, 23]
3t 2 M E ) 05% Tween-207F H71e oleb2 2 11
A2t} 712]31 RNase A 10 pg/mL9} ZE29UE 8.9
& 0.05 mg/mLE 1 mLe] PBSel| ¥olA A Xl Wi 30
3 37°CA A A & 7R FA S SFATHFACS-cali-
ber, Becton Dickinson, Franklin Lakes, NJ, USA).
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HAAEF 7oA 4°C o]stoll A 15771 23] HhE
S A3 9d A 3S 3F $ 1 xassay buffer 75 plell
Z &%

&
P

colorimetric assay substrate 89 25 uL.& Y1
T stop §HAA H-EFAE Al7]3 900 pLellA 10 pLwk
Z &) A color reagent 1 mLE &§3le] 1587 ¥Hx] & 520
nmel A Zstch =g SODE T W X
WST-1(2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-di-
sulfo-phenyl)-2H-tetrazolium, monosodium salt)®} &4
AE A st 203 37°Coll A ¥EEAIZL $ 450 nmoll A
Zste] s %=E FAbstATh

Western blot#{= 0|&8t THHA dhsigl 24

27 AEE 24 well plated] 2x10° cells/well 2 -3}
2477t Bl eF8l & single-detergent lysis buffer(50 mM
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Tris-HCI, pH 8.0, 150 mM NaCl, 0.02% sodium azide, 1%
Nondet P-40, 1 pg/mL aprotinin, 1 mM phenylmethyl-
sulfonyl fluoride)Z % 7}3+ ¥ sonication® & Z+ EgA]71
o HkSAIZIth @A YL BCA protein assay re-
agent kit(Pierce, Rockford, IL, USA)E AF&3te] 243
o 7 Alse] 9w d & FYetA skl 12% SDS PAGE
2 AN A]F]3L protran nitrocellulose transfer membrane
(Schleicher & Schuell, Hanover, Germany)< AF&3}o]
transferd] ©F. Membraneg 5% Tween-20 Tris-bufferel]
skim milk& block &3l A2} 2 24417 AFAZ] F o]
A 2 WAtk ECL 89 (Amersham Pharmacia
Biotech, Piscataway Township, NJ, USA)S &3}
membrane®] FIF &HE B F 18 AT F F

A

SHEN

BE ZE 33 BE 2 $ Ja 2 FUAE Ve
gon, fo4 AZL Graph Pad Prism(Graph Pad Soft-
ware Inc., San Diego, CA, USA)& ©]&3}o] Student #test
one wayS ©]-83}912 ™ Duncan’s new multiple range test
° 2 A%:AF SR
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o] Y=ol e FAoltt. wEtA X F EFHYAEH
% ZTotR ol S BAFo 2N st G digh
712 A8 R o] &R AT A Z EF H g F
259 F82 3677 274%E gl o, x| o
S P EF FEEY F Zevs §H E F SdH o=
S B3 Axs Table 13 2t} & Zd¥E d3e
qELE FZEo| 37.3+52 mg GAE eq./g extractZ €4
FZE 363+1.0 mg GAE eq/g extract® YJENAeH, &

Fepuio|E FAL FASIIE dee FEEo] 539+
5.1 mg CE eq./g extract 18]l G4 FE 8] 47038 mg
CE eq./g extract® 3\ th.

Table 1. Total polyphenol and total flavonoid contents of ex—
tracts from CEL

Total polyphenol Total flavonoid Yields

Solvent (mg GAE/g (mg CE/,

extract)” extract)' (%6 w/w)
Water extract 36.3+1.0 47.0+3.8 35.7
Ethanol extract 37.3+£52 53.9%5.1 274

GAE, gallic acid equivalents; CE, catechin equivalents.
Dyalues represent means+SD (n=3).

sl 24 1489

Table 2. ABTS radical scavenging and FRAP activity of wa-
ter and ethanol extracts from CEL

TEAC FRAP
Solvent (mM Trolox eq./mg (mM FeSO4 eq./mg
extract) extract)
Water extract 0.44+0.09 0.43+0.08™
Ethanol extract 0.70+0.13" 0.92+0.09

TEAC, Trolox equivalent antioxidant capacity; FRAP, Ferric

reducing antioxidant power.

YValues represent means=+SD (n=3). 'p<0.05 and “p<0.01 ver-
sus BHT.

ABTS 2it|ZE 0|

Table 2& X&9]
Oz &2A5E 4 29
1.0 mg/mLolA F= 9]&2<1 ABTS &z &AGS &
Astden, 44 FE2E59 A% 747 031, 037, 042 1811
0.44 mM Trolox eq./mg extractE YEFHALL e F3
=9 &2AFL 47+ 057, 061, 067 1231 0.70 mM Trolox
eq/mg extract?] A48 YENT B Ao FAAU=
102 BHTE AME3IS we} Hlwale] ve 48 Be
o1 Jeon 5(14)¢] 139 5 FE=9 ABTS &7%50]
0.227 mM Trolox eq./mg extract®} B3} S wf X& F

&0 AFY FEEEY 53 ABTS #@HHZ2 2724
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2335}7] Y3t Lee 5(15)2 G o] =g&kA2l Kibora, Meta-
fora, Vintor, Halifax 453} &-2212] Redoria®] DPPH &}t
Z AAEAAE B4 29 1.0 mg/mLy s=ollA Z+7
70.0, 674, 66.6, 60.8 18] 1L 94.2%<] &S FJsHt
HystHn g Z2EZ2 vitamin C(79.1%)9F BHT(81.4%)
BEot 3 A4S 7|15t ol 8g g Fd AAEAd 9
A AZo| Tt Ue 4w T SR o5 i

Q1 QHEAlobdoel o§ Z o FZu ol

Xz € % deE FEEC distd 44
0.92+0.1 mM FeSO, eq./mg extract®] A&
H ulEIA 2 FAANZTE BHTSF Bl w3k
ANee FEEo| AR 84S vEd Ao=E FAHATh
(Table 2). 2A= ThE2A0F A3 o] W] 21 FAGE A
24L& vdedie 719 A7 5 Kim 5109 Bie] ©=2
H AR oA eg FE2ES] A9 0711010 mM FeSO,
eq./mg extractE® YEFH AL 2 AFolA AHE3F XZ
FEEO] HAAANAEY it a5o] S FRls)
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W Water extract

[ Ethanol extract
100 ~ 1

*
=

80
60 -
40 -

20 4

0+ T
0 0.0625 0.125 0.25 05 1 2

Concentration (mg/mL)
Fig. 1. Effect of water and ethanol extracts on cytotoxicity
in neuronal cells. Water and ethanol extracts were treated with
various concentrations in neuronal cells for 24 hr. Values are ex-
pressed as the mean+SD of determinations made in triplicate
experiments. "p<0.05, “p<0.01.

M= M=g

27 AEE o) &3t X 45 ¢ des FE2E
g F AEY AEES &A%Y 93t MTT assay
AP Att NE FEES FEEE A3 29 5 ¢
NEFE FZE ZFoA 1.0 mg/mL F& o]4olA Bo]F
o7 AE QE 795 x Fe AL sls Yt (Fig. 1).
Lee 5(16)2] Aol 2w Fo|MA FEE9 A A X
A 20 mg/mL oM e AE YE JFgFS
Aoz Hugojzn ol MAle] Lgslal e A&
FEEAL Aol Zol7t 7] WiEo] Z7be] MAlo] thek
3 AX 2 5EEDA G5 o7t U= o=z g
ot ool g AHZE 2 AFAAE o|F AX dAdAY A

FEEY 43 FEE 05 mg/mLE ZAA AT

2o o

b

M ZEAF F50] hEZAME 40% o1 4S YEIAA T 2]
Z S A3 B¢ T dEFHOE I FF0)
AL gelatdar 0.0625 0.125, 025 223 05
mg/mLe] F=olA Zzb 335, 26.2, 19.8 28] al 12.3%=
e AAth(Fig. 2A). =3 A &g FEENME FAMS 4
BE A 59 v 20904 22 358, 287,
221 283 171% 5 YER A (Fig. 2B). o] ¢} 22 A}
© A& FEE0] 25 mM HAtglp etk fEE o)A
= MEZALE BE3ste A ongth A5 7]1Ed 1.0
mM FEZ Hitelss E4S FERES W AlXEF 7)o
FEFE HAA e MM T4 40% B A E
ARZE K E WA 25 mMe] BAkslgA &l tiste] Al
FIl= & TS 717 RS FA3AT Lee 516)2] &
T-oll A= neuronal Al Eo) 231H =42 1.0 mM2] H0-9
SolWA ZFEEAE 1.0 mg/mLE AP sAS w oF 25%
o] AEAZF AYPHJotr Rusdot =3 1.0 mMe
H00H8 A28t wl) Al EARE oF 30% m|gtolglal B

ki

ot

o

M Apoptosis EG1
os 0G2/M

A 60 -

50 -

40 4

30 4

20 4

10 A

0 4
H,0; (2.5 mM) - + + + + +
Water extract (mg/mL) - - 0.0625 0.125 0.25 0.5
(B) 60 - W Apoptosis BG1
os oG2M
50 -

40 1

30 4

20 - -

10 A

H,0, (z.g mM) - + + + + +
Ethanol extract (mg/mL) - - 0.0625 0.125 0.25 0.5
Fig. 2. Cell death and cell cycle of neuronal after treating
water and ethanol extracts prior to hyrogen peroxide
treatment. (A) water extract and (B) ethanol extract. Means +
SD of determinations were made in triplicate experiments. p<0.05
and “p<0.01 are significantly different as analyzed by paired
t-test that compared the hydrogen peroxide damage group with
the extracts treated group.

H A3 AZ FEEY AE H3EF0] $

B4 "3y B

A Well A F23F 982 3= SODE superoxide anion
radical S 444 F S FAE XA AFE dES
g} T3, CATE o8 g Akt as 22 AH o 2ha
o} B2 Edfte vhES Fuste E4AEZN Axdo|u
DNA, ©ild Fo 45 vixe zZegivzdad S4404F
S B3t o]Z A BalE 4kl B AR dlAbe] o] &
He Aoz EuFoAa gl B AFo e o]elg SOD
9} CATE 2174 MM X2 FE2ES A3t A3HA
o} SOD®] A% ¢ 70%9] 45 Uei | Hikslei &
ol viste XE FEE AYTAAN v= gEHORE F
7hsle AS Zlatgon 45 e FE2E9 FAM
A= 33t Ha FE2 05 mg/mLolAd= & 95%
9] A4S JeERNAHFig. 3A). 28]3l CATY] A=
st a 47 vt X FEE AYTAA vE
&I Z7HE A3 d(Fig. 3B). 71& A= Al
EIAANA gitel 54 A4S FASE S o Yol v
3 &4we] mh 4o Frlske A9E ERIsua B
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AR =Y ole EhANA JFERE e ZFol SEOA WE o] Histra ST RS W F
=0 st AE AAH oz B35y 98] gl )2 7He AL QlEHa W E AEAE fEe g
A a2 U3t 5ovt BARENAE AL FASAT Baxe) A9 AT 22BN felHo WG] B
AAE fold B2 A o Bo] Frlenm 1 om 53 oge 3529 3% $Y SR 95 F5
A[HAT). 2 A7 AAE WEOR AFE olEd IE 2w Fad e FAFAT Bal-2 tH] Baxd) HIES
T FEEA GF FEEC) T T G AL LA gogge o gzl vis) ety SATAN v 2
TS gelspglen], dnHon AR FIEA AL garo) 2ote A FAstgm A8HA E4E AT 72
S sl & =] 5 5 2=
et e EM? L&%}M TRV AHA EHN g po) HusNe W UM BHF] ook AL
Sl =7}A = AL 3lo]g N
Hetel SIS St Sasn Slskith Lee SS9 ATFNME wFFDo] WA 7
Westemn blot8{S 0|&eh EHHA Wagt E4 B &2 2% 0125 025 05 283 1.0 mg/mL2
Fig. 4014 213 Bel-29} Bax @) d-& dbd o) wje} TEZ 1.0 mM H:0.5 2] HE3tas W £ A9
MEAE A3 4L ey AEAS dAsHE B fASH AEARE fE8HE Bax 2@ %] 10 mMe] HO;
29l Bel-29] 4% A2 59 ogE FE= 0.5 mg/mL B} 248k a Wl E A EAMS RS sE Bol-29) wd s
(A) mWater [JEthanol (B) 0.2 q mWater [JEthanol
100 Lot " T -
. oo = 0.15 - . . M
80 - o .
60 - 0.1
40 1 !
0.05 -
20 A
0 a 1 0 a 1
Hy02 (2.5 mM) - + + + + + H,0, (2.5 mM) - + + + + +
Extract (mg/mL) - - 0.0625 0.125 0.25 05 Extract (mg/mL) - - 0.0625 0.125 0.25 05

Fig. 3. Effect of water and ethanol extracts on antioxidant enzyme activity in neuronal cells. (A) superoxide dismutase, (B)
catalase. Values are given as the mean=SD. p<0.05 and “p<0.01 are significantly different as analyzed by paired ¢-test comparing
the hydrogen peroxide damage group with the extracts treated group.

(A)  Bax B [

Blek:2 BOl-2 W ————
ACHN  ——— S — actin .
H202 (2.5 mM) - + + H-02 (2.5 mM) - + +
Water extract (mg/mL) - - 05 Ethanol extract (mg/mL) = s 05
350 4 350 q
¥
300 4 # 300 4
250 4 o 2504
o =
= ©
et 2 -
o 2004 . o 200 .
= 5]
2 53]
@ 150 - % 150 4
<4 @
3 m
100 A 100 A
0 T 0 T T
Hz02 (2.5 mM) f + + H:05 (2.5 mM) + +
Water extract (mg/mL) - - 0.5 Ethanol extract (mg/mL) - - 05

Fig. 4. Change in apoptosis related proteins in neuronal cells after hydrogen peroxide (2.5 mM) treatment. (A) water extract
and (B) ethanol extract Equal amounts of whole cell lysates (30 pg) were subjected to electrophoresis and analyzed for Bax and Bel-2
by western blot. p<0 05: compared with control group, p<0.05: compared with H>O,-damage group.
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°] 1.0 mM¢] #itstrEintt F7
@ Ao B Avel e il—f—
(Fig. 4B) F%%0] AZAlsl B
E AL 9@,

%% glstazr 34
. %a} _ﬂ]l-: 6‘]-3]:0
ders F:%E(37.3+52 mg/GAE/g extract)

1.0 mg/GAE/g extract)e] A3+ &
9}1\91_9_13:] = -—E}E‘—O] c gtk
7.0+3.8 mg CE/g extract 28] o &2
1 mg CE/g extractE YeH ATH ABTS
Z ~787, FRAPE ©| 83 Sdgs 53
35& ABNME X FEF0] F4ts &
,AIE 5A4E AHEY] 38t AF
MTT assay = —rﬁﬂ St A3} M|E] AEE
mg/mLe] F% oA e A& TS v A &
AZAE REaF5 APoMe= 25 mMe] H0,Z 732
kel ool g3 = &R ABAE B &
7F e, ikt a4 245 SOD9 CATE EAF 2
7} SOD= 05 mg/mL FX4 9%5% ©)’de] €47 CATE
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