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Abstract

Antioxidant activity and protective effects of extracts from Helianthus tuberosus L. leaves (HTL) on ~BHP-
induced oxidative stress in human liver Chang cells were investigated. The total polyphenol and flavonoid content
of the water and ethanolic extracts from HTL were 89.6+1.96, 94+2.03 mg gallic acid equivalent/g extract,
and 65.1+2.84, 54.6+1.87 mg catechin equivalent/g extract, respectively. In addition, IC50 values for 1,1-di-
phenyl-2-picrydrazyl (DPPH), alkyl, and hydroxyl radical scavenging activity of the water extracts were
0.010£0.003 mg/mL, 0.014£0.002 mg/mL, and 0.989%0.003 mg/mL, respectively. Antioxidant activities of the
extracts were also determined by ferric reducing antioxidant power (FRAP), 2,2’-azinobis—-(3-ethylbenzothiazo-
line-6-sulfonic acid) (ABTS) radical scavenging activity and reducing power. The HTL extracts showed a
strongly inhibitory effect on lipid peroxidation by measuring ferric thiocyanate (FTC) and thiobarbituric acid
(TBA) values. In an MTT assay on the Chang cells, the extracts showed a protective effect by increasing cell
viability and decreasing ROS on r~-BHP-induced oxidative stress in Chang cells. These results indicate that

the HTL extracts possess an antioxidant activity.
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A W AR FL FRAR B, AkAs Fol g
Fholu S-guete] 7]Z 2 grol M= ZhR| o Ak
ATHTR). ANAZA A7) FAHAEL fructose FHAS]
inulino]‘l] ol HAZA BA AEXEZH(dry weight)o] oF

%E 2AATTHI). HAZ7HA Y =HARAY AFAG
preb10t104 A%, HAZAZEEH inulin F&, 7HE3)
2 A, ek 2 AR FE2EY FEd 87
inulin 5o &3 AA(10-13)7} tjF-E o), A 72}
SES o]&3 A7 = obF vvgk Aot kA B
TAME HARAS FEF kst 4 2 4 AE
?l Chang cell& ©]&3 HARAY FE2E] X BE
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2 A3 A HAZAL L AFTH (ST, )l A
71FRkol SA A Azt wha] & ARE-3HAT Folin-
Ciocalteu’s reagent, ferrous chloride(FeCly), 1,1-diphenyl—-
2-picrylhydrazyl(DPPH), 2,2’ -azinobis(3-ethylbenzothia—
zoline-6-sulfonic acid)(ABTS), potassium persulfate, 2,
4,6-tripyridyl-S-triazine(TPTZ), linoleic acid= Sigma
Chemical Co.(St. Louis, MO, USA)ol| A T+943te] AF&31S
on, 3 9o AHEE A E5 2 dFE TYEA A
stk A@d AHRE AR F
S A AT B FE2 HARAY A2 22 AR 10
g< 32 F7F 500 mLS FH7Este] 95°Cell A 1507 &<t
FZ39t. FEEL oA (No. 11, Whatman, Maid-
stone, England)Z ZA&E2S A A% & rotary vacuum
evaporator(EYELA, Tokyo, Japan)® %381 SAAX
AT d e FE2& AR 12 BT AR 20 gol
&g 200 mLE H7hste] A&l A 120 rpme] W72

24X 33 FET & TS FEAE AT
e
#Z-& Folin-Denis® (14)& Fzt ¥ ¥ 5}
FZ%E 1.0 mLel 1.0 N Folin—Ciocalteau Al¢F % 20%
NaxCOs; €4S 7+ 1.0 mLA 2= 713 o2 A0l 4 30
B AR & B335 A (SECOMAM, Ales, France)E ©]
€3l 700 nmolA &3 EE =431 t) Gallic acid(Sig-
ma Chemical Co)& 0~200 ug/mLe] F==2 A3} A&
9 e o T BAsle] A& BE AYHNOZHE A
g2 FEEY F HE FHS AHESIY I gallic acid equiv-
alents(mg GAE/g extract)® Y St}
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05 mLol 10% aluminum nitrate 0.1 mL 2 1.0 M potassium
acetate 0.1 mL, ethanol 4.3 mLE x}d| & 7}sto] £¢sla
A L0 40837F AX 8 T2 415 nmollA TFH =S A3}
= Catechm(Slgma Chemical Co.)S XE=EAE 3}
0~1 mg/mLe F= WA AR £F 7 H
T YR xolE IS A ATH

FEE9

Electron spin  resonance(ESRIE 0|&&t DPPH 2fC|
2t ATS =X
ks, ’\74% =3
o &3§A121 60 uM DP
60 nLE ’1‘43 F 10Z%3F 73t A Rksle] 28-3F A2l A
)3t 3 capillary tube®] 27 ESR spectrometer(Jeol Co.
Ltd., Tokyo, Japan)elA ZA39eH, 11 4 1
central field: 3475 G, modulation frequency: 100 kHz,
modulation amplitude: 2 G, microwave power: 5 mW, gain:
6.3x 10°, temperature: 298 K%t}

2 Lee 5(16)¢ WHol o} dgke
PH 60 L9} T =2 FH|
A

ESRE 0|3¢t akyl ElHZ &5 &8

10 pLe] PBS, 10 uLe =¥ A]7, 10 pLe] 40 mM
AAPH, 10 uL9] 40 mM 4-POBN<S A2 H7}ste 10x
7t A kg & 37T &8 xR A 3087 vke-A 2]
t}-S, capillary tube®Z =7 ESR spectrometerZ alkyl 2}t]
Z TS SASAY. ojW) 54 272 central field:
3475 &, modulation frequency: 100 kHz, modulation ampli-
tude: 2 G, microwave power: 10 mW, gain: 6.3><105,

temperature: 293 Kt}.

ESRZ 0|26t hydroxyl 2IC|1Z A7 &3

T A 02 mLel 0.3 M9l DMPO(5,5-dimethyl-
1-pyrroline N-oxide) 0.2 mL, 10 mM¢2] FeSO4 0.2 mL %
10 mM¢] HyOp 0.2 mLE A2 H7EeE & 10237 Z43HA
kg ohs B ESHES capillary tube® &7 ESR
spectrometerol A hydroxyl #t]Z @A =S =A 319}
ol =% ZHL central field: 3475 G, modulation fre-
quency: 100 kHz, modulation amplitude: 2 G, microwave

power: 1 mW, gain: 6.3x10°, €%=: 208 K%t}
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Ferric reducing  antioxidant power(FRAPE 0|23t

£ sty £F

FRAP =% £ Benzie9} Strain(18)2] W& AF&-313
= 300 mM acetate buffer(pH 3.6), 40 mM HClol] &3} 3k
10 mM TPTZ ¥ 20 mM FeCls - 6H,0E 72} 10:1:1(v/v/v)
o] H| &2 E§3}e] FRAP A|oFS A &3 Th oo ¥
E FEel 1~5 mg H=F 343 A8 015 mL3% 3.0
mL®] FRAP Al¢k-& &3t 37°Col A 5837 vh-gA17 &
593 nmol A FFE=E SA3I o AF= FeSO, - TH.0E
EFEAE 3l mM FeSO; eq/mg extract® 2 F A3}
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9o, A& 1.0 mLoll pH 6.62] 200 mM 14+
S=d 2 1% potassium ferricyanideE ZF 1.0 mLA x4
2 7pste] muksl & 50°Ce] ez A 2087 WA A
t}. o 7]el 15% trichloroacetic acid(TCA) €942 1.0 mL
7¥3kaL 12,000 rpmoll A 1587 A4 #2] st A& 5o
1.0 mLol 5F< 2 ferric chloride 2+ 1.0 mLE 7}ste] %
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Ferric thiocyanate©l] &3t x| & 3}4kst =48 Kikuzaki
9} Nakatani(20)9] ol 93] SA3A = 4.0 mL,
2.51% linoleic acid 4.1 mL, 50 mM <14k £+ A (pH 7.0)
80 mL, 57 39 mLE H7lsto] &5 & EFF 5 40°C
o XA F2AT 3t ks E FEAFA o] EF
£ 0.1 mL, 75% ethanol 9.7 mL, 30%-ammoninum thio—
cyanate 0.1 mLE A UE H71s & & HoF300. 7]
ol 20 mM ferrous chloride(3.5% HCloll =<1 Z)Z 0.1 mL
7tk F Z HolxE g & A3e] 3% T
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Thicbarbituric  acid(TBA)  2HHof|  2o|st X[RlnjpAtst o

rlEy =3

25 40 mLoll 251% linoleic acid 4.1 mL, 50 mM <14

A(pH 70) 80 mL, E7F4 39 mLE #H715te] &4
et T 40°C )T X F2 At 4 1HE
Aslgh WA ZF Alg89% 1.0 mL, 20% TCA 2.0 mL,
67% TBA 2.0 mLE 7}ste] £33 & dadxA 1023
3 3l B2 o WzhAzl 3 5°C 3,000 rpmell A
0 AR 1 FFAe 532 nmoll A ZH 31
TBA#S A3
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fetal bovine serum(FBS) 10%<} 1.0% penicillin—strepto-
mycin®] A7Fg Dulbecco’s modified eagle medium
(DMEM) HjR|ol|l A 37°C & 5% CO, Z73} ol A v F3}S

ME2] AEEL 3-(4,5-dimethylthiazole-2-y1)-2,5-
diphenyl-tetrazolium bromide(MTT) &< BH-& o] &3}
o 2439 5H21). Chang A £ & 24-well platesol] 7x 10"
cells/mL. F=Z 1.0 mL2 £33 F 24X 5t v s
T 4 ABRE HF =0, 001, 005 0.1, 0.2, 05 1.0
mg/mL)7} B =5 A2 A st 2447 Tt v A
t}. o]& MTT £94(5.0 mg/mL)S 7}kl 37°Co| A 447k
o et MTTE &A1 A A E formazano] Hij ]9
HAHUIA FEE HIAE ZHA2HA AASAT
DMSOE 200 uL #F3ke] 202 5t &3 F 540 nmell A
FAEE ZA5A

t-BHPol| 93t 2F3td &£2do] tigt HADAL FE559
NERS &3S #Z317] 95+, Chang A EE 2
platesol] 7x10" cells/mL FE2 1.0 mLY #3535 247t
L S & 4 A8EE HEF $%(0, 0.05 0.1, 0.2 mg/
mL)7} S =8 AEo] g AzF H A3 & +BHP(HF
& 80 uM)E H7betar 2447t o v kst o] MTT
assayZ A|E e AEES A3 h

ML 2 MAT S

G40t RSt ¥FS WAkel= 2',7'-dichloro-

fluorescein diacetate(DCF-DA)E o] &3} A E oA &

AEls X2 ARE FB=H72 S4sIAT 96
well black plateo] 2x10*70<] Chang A& EZ3 & 37
°C, 5% CO, v F7]oll A 24417 &<t vl T, A8 S

147 A AYskdth. #BHPE 200 uMS 3082 &3 oS
DCF-DAE HF%5% 10 M7} H =2 ¥a1 37°Coll A 30
b vioFst T PBSE 33] A& 3 & Fluorospectrometer
(SpectraMax M2/M2e, Sunnyvale, CA, USA)E o] &3}
(excitation, 485 nm; emission, 538 nm) =74 3} FTH?22).

SHEN

2y o 719 Frod 9 ASS Window8 SPSS SAZ=Z11
W (ver. 12.0, SPSS Inc., Chicago, IL, USA)S o]&3}]
Student #~test @ ANOVA WHo & AZ3dlo pgho] 0.05 vk

& o9 Ao BFIY.
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Table 1. Extraction yields, total polyphenol and total fla—
vonoid contents of HTL extracts

Zolgh - )

Extraction Total polyphenol Total flavonoid
Solvent vields (mg GAE/g (mg CE/g

(% w/w) extract) extract)
Water 32.38 89.6+1.96" 65.1+2.84
Ethanol 26.58 94+2.03 54.6+1.87

GAE: gallic acid equivalents, CE: catechin equivalents.
DValues represent means+SD (7=3).
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Sk kA HAERGlY] F s 9 F EYE s
o|lE TS ZALSt] Atsl &4 g V|2 AEE AR
SlaAl S A EAA L e L B FEEY F F
gz 3F 2 F EFdixols FHFS A4S A=
Table 13} 2t} & & FEEL2 32.38%, &S FEE2

=

2658% T&& YT & EEds FEFL deg
ZE0°] 94+2.03 mg GAE eq./g extract® & FZE 9.
+1.96 mg GAE eq./g extract®t} £toH & ZH 0]
= e B =%E5o] 65.1+2.84 mg CE eq./g extract=
Nere F5E 546+1.87 mg CE eq./g extractB T} =th

ol vy des FEEY F ZdE FFo] 375+0H
mg GAE eq./g extract, & ~E]-E‘— o] s}tako] 2650+0.50
mg CE eq/g extract® AR Y FEEo| 2071 &
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At wol o] &= gk AR F=E 29 DPPH
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E37 g2 FEELS 1.0 mg/mLY FEoA 2zt 91.12%,
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oA A EAT DMPO-OHS A& 2l 1:2:2:11 ESR Al
o] #ZEATh Table 29} Zo] HAZAAY &g F55
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Table 2. DPPH, alkyl and hydroxyl radical scavenging activity of the HTL extracts measured by an ESR spectrophotometer

DPPH radical scavenging

Alkyl radical scavenging

Hydroxyl radical scavenging

Extract activity (ICs mg/mL) activity (ICsp mg/mL) activity (ICsp mg/mL)
Water 0.010+0.003" 0.014+0.002 0.989+0.003
Ethanol 0.012+0.004 0.005+0.003 0.630+0.002
Vitamin C 0.003+0.001 0.011+0.003 0.021 +0.002

YValues represent means+SD (1=3).



Table 3. ABTS radical scavenging and FRAP activity of
HTL extracts

TEAC (mM Trolox

FRAP (mM FeSO,

Sample eq./mg extract) eq./mg extract)
Water 0.416+0.06" 0.908+0.09
Ethanol 0.192+0.05 0.712+0.10
BHT 1.461 £0.02 1.284%0.16

TEAC: Trolox equivalent antioxidant capacity, FRAP: ferric
reducing antioxidant power.
Dyalues represent means+SD (17=3).
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Fig. 1. Reducing power of water and ethanolic extracts from
HTL at various concentrations.
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Fig. 2. Antioxidant activities of HTL extracts at 1.0 mg/mL
in linoleic acid autooxidation system measured by the ferric
thiocyanate method (A) and the thiobarbituric acid method
(B).
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Fig. 3. Effect of HTL extracts on cytotoxicity in Chang cells.
HTL extracts were treated with various concentrations in Chang
cells for 24 hr. Values are expressed as the mean+SD of determi—
nations made in triplicate experiments. p<0.05, “p<0.01.
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Fig. 4. Protective effect of HTL extracts on ~BHP induced
oxidative damage in Chang cells. Hepatocytes were pre-treated
with various concentrations of extracts from HTL leaves for 1

hr, and then were treated with +BHP (80 uM) for 24 hr_._ Values
are mean=SD of determinations in each case. 'p<0.05, “p<0.01.
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Fig. 5. Changes of intracellular ROS generated by (~BHP
treatment in Chang cells. The extracts from HTL leaves were
treated with various concentrations in Chang cells for 1 hr prior
to 200 uM ~BHP treatment for 30 min. Values are given as the
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respectively.
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