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In this study, we evaluated the protective effects of ethanol extracts from Dendranthema indicum on
cell and DNA damages induced by oxidative stress. Antioxidant activities of D. indicum extracts are
higher than scavenging activities of DPPH free radical and hydroxyl radical by 92.8% and 73.8%, re-
spectively, and higher than ferrous iron chelating effects by 59.4%. D. indicum extracts showed a pro-
tective effect on oxidative cell damage by inhibiting lipid peroxidation by 90.3% in the control group,
and inhibiting expression level of p21 protein by 79.6% for the control group. This means D. indicum
extracts have a great protective effect against oxidative stress. DNA fragmentation inhibition in D. in-
dicum extracts were 89.6% for the control group, which makes the movement of DNA tail reduced,
and phosphorylation of H2AX was 20.2% of the radical experiment group. This means that D. indicum
extracts effectively inhibit DNA fragmentation and H2AX phosphorylation. Taken together, we suggest
that ethanol extract from D. indicum has a role as a useful chemopreventor against oxidative damage.
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A FFE 2Ae7] 913 AQF}E A2 NIH 3T3
A Z(2x10° cells/ml)ol A &9} FeSO,, H,0,Z A gl ska] wj ok
& & 3]st 1.15% KCI=2 #23}A1 7101, 0.2 ml sodium
dodecyl sulfate (8.1%), 1.5 ml acetic acid (20%) % 1.5 ml thio-
barbituric acid (0.8%)E H7Fste] 95CAlA 2413t ¥Hg-A Fi T
Hk-g % 5 ml n-butanol/pyridine mixture (15:1, v/v)& #8&
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T} T3 DNA tail °]5% ¥4 Cho F[2]¢ ¥ we}
AN EE A3 NIH 3T3 Al Zoj lysis buffer (50 mM tris -
HCl, pH 7.4, 150 mM NaCl, 1 mM EDTA, 1 mM EGTA,
10 mg/ml aprotinin, 10 mg/ml leupeptin, 5 mM phenyl-
methylsulfonyl fluoride, 1 mM DTT)¢} 0.2 mg proteinase K
£ EY9 F A719%52 AAad Felsan.
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Fig. 1. (A) DPPH free radical and (B) hydroxyl radical scavenging activities and (C) Fe2+-chelat'ing activities of ethanol extracts
from D. indicum (A) Reaction mixture containing 40 ul of test samples (4 mg/ml dissolved in DMSO) and 760 ul of DPPH
ethanol solution were incubated at 37C for 30 min and absorbance was measured at 515 nm. (B) The reaction mixture
contained 250 pl of FeSOj, 175 ul of HxO,, 300 ul of sodium salicylate and varying concentrations of the extracts. After
a reaction for 30 min at 37°C, the absorbance was measured at 562 nm. (C) The reaction mixture contained 15 pl FeCl,,
30 ul ferrozine, 150 ul varying 4 concentrations of the extracts and 605 pl distilled water. The absorbance of the Fe*'ferrozine
complex was measured at 562 nm. The absorbance values were converted to scavenging and chelating effects (%) and data
plotted as the means of replicate scavenging and chelating effect (%) valuesS.D. Ascorbic acid (A, B) and EDTA (C) were

used for the positive control.
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Fig. 2. Effect of the ethanol extracts from D. indicum on oxidative
stress induced by hydroxyl radical. The viability of NIH
3T3 cells was evaluated by a MTT assay. NIH 3T3 cells
(5x10° cells/well) were cultured in 96-well plate at 37°C
for 24 hr. After 24 hr, ethanol extracts from D. indicum
was treated to each well according to the concentration,
FeSO,, H)O,, and then incubated. After, 50 ul of MTT
solution (1 mg/ml) was treated to each well for 4 hr,
the supernatant was removed, and then 100 pl of DMSO
was treated to each well. The observance was measured
with a microplate reader at 570 nm. z<0.05 indicate sig-
nificant difference between the untreated group and the
treated group.
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Fig. 3. The lipid peroxidation effect of the ethanol extracts from
D. indicum on cell damage induced by oxidative stress.
The NIH 3T3 cells were cultured in a 6-well plate at
2x10° cells/well for 16 hours. After plating, the cells were
treated with the varying concentrations of the extracts
from D. indicum H)O, and FeSO, were added to the plate
and then the cells were incubated. The cell lysate was
mixed with 0.1 ml of 8.1% sodium dodecylsulfate, 0.75
ml of 20% acetic acid, and 0.75 ml of 0.8% thiobarbituric
acid. After, the supernatant fractions were isolated and
the absorbance was measured at 532 nm. p<0.05, ~p<0.01
indicate a significant difference between the untreated
group and the treated group.
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Fig. 4. Expression effect of the ethanol extracts from D. indicum
on p21 protein induced by hydroxyl radical. Lane 1 is
untreated and lane 2 is treated with FeSO,; and H,O,
without extracts. Lane 3-6 were treated with varying
concentrations of the extract (1.6, 8, 40 and 200 pg/ml).
A protein extracted from the cells was separated on 15%
SDS-PAGE gel following the manufacturer’s instruction.
Gels were transblotted on to PVDF membranes for west-
ern blot analysis. The membranes were blocked for
non-specific binding for 90 min in block and then wash-
ed with 1x TBS solution. After, the membrane was in-
cubated with p21 antibody at 1:1,000 dilutions and with
gentle shaking. After washing, the membrane was treat-
ed with the detection agent and immediately developed.
"p<0.05, “p<0.01 indicate a significant difference between
the untreated group and the treated group.
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5. Inhibition of the ethanol extracts from D. indicum against
the conversion of SC into OC induced by hydroxyl
radical. Lane 1 is untreated and lane 2 is treated with
FeSO,, and H,O, without extracts. Lane 3-6 were treated
with varying concentrations of the extract (1.6, 8, 40 and
200 pg/ml). Each mixture was incubated at 37C for 30
min. After 30 min, 5 ml of reaction stop buffer and the
reaction mixtures was electrophoresed on 1% agarose
gel, and the DNA in the gel was visualized and photo-
graphed under ultraviolet light after ethidium bromide
staining. p<0.05, " p<0.01 indicate a significant difference
between the untreated group and the treated group.

2 oA 1 9)th(Fig.
Eo] DNA tail9] o] %
DNAE H33le=

6). < Kim¥} Park [12]2 2¥|A} &
S 73%E JAEt FHAEA O T HE
FET Zolgkar 3 uf ek & Aol A
= T FEE S AsE 2EF 20 o3 DNA £43Hs 9
A3t3 DNA tail®] ©]&S #AA 7 AoE ZAMH A
TFEE] 448 gzl g DNAY Q143 v
Ae FFE 28] 98he] Fe' o) HzOzUP Az e 2
Azl el AR Al AhARl itstH 2 459
o}t Al Ao @2 phospho-H2AX & 472 1.6 ng/ml
A 51.2%, 8 ug/mlol A 24.4%, 40 ug/mlol A 21.5%, 200
ng/mlolA 202%2 YehY AR F=7F wobgel wet 3t
Adte AFE BT AUthFg. 7). &, TIFEES
7} Eo}d = phospho-H2AX &L 7Haste] glo)z AT
01] el oF 798%9] A AdE Uehli= A2 EA4H U
& og] FEEE0| 48 2EH 29| 93t phospho-H2AX
94 TE o wx IE FEFE A AT B2l (Hordeum vul-

garg Aot AAE 34-dihydroxybenzaldehyde®] phos-
pho-H2AX & A1 &-& 200 png/mlolA 80%S UERAH 9],
7kt (Solanum nigrumy A A g lunasin ©9 &2 phos-

pho-H2AX ] & oA &0] 10 pMoll A 82% 5 EAth= A
[7]e.2 Bol %8t FEEE A5HY 2EdF 2 93 DNA
Au8E AAgh=d afHYd Aoz AZHEn

ks B A7 FEFEE L A48 2EYLE fTE)
= fre] Aok AA W 39 S4E vehle sats gy
2 ARk d W A3 ASE YET B3 O,



Treated with FeS04 and H,0,

Ethanol extracts from
D. indicum (ugfml)

untreated

Treated with FeSO, and H,0,

Ethanol extracts from D. indicurn (ug/ml)
untreated 0 1.8 8 40 200

% Relative expression level
-2
a1

s L Hﬁmﬁ

untreated 0
Concentratlon (pg/ ml)

Fig. 7. Expression effect of ethanol extracts from D. indicum on
H2AX induced by hydroxyl radical. Lane 1 is untreated
and lane 2 is treated with FeSO, and H,O, without
extracts. Lane 3-6 were treated with varying concen-
trations of the extract. Protein extracted from the cells
was separated on 15% SDS-PAGE gel following the man-
ufacturer’s instruction. Transblotted on to membranes
were blocked for non-specific binding for 90 min in block
buffer. After, the membrane was incubated with phos-
pho-H2AX antibody at 1:1000 dilutions. After washing,
the membrane was treated with the detection agent and
immediately developed. p<0.05, " p<0.01 indicate a sig-
nificant difference between the treated group (treated
with FeSOs, H,O, without extracts) and untreated or
treated group (treated with FeSO,, H,O, varying ex-
tract).
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Fig. 6. Inhibitory effect of the ethanol extracts from D. indicum against intracellular
DNA migration induced by hydroxyl radical. Lane 1 is untreated, and lane
2 is treated with FeSO; and HyO, without extracts. Lane 3-6 were treated
with varying concentrations of the extract (1.6, 8, 40 and 200 pg/ml). Each
cell was resuspended with 20 pl of lysis buffer by pipetting cells to ensure
complete lysis and then incubated. After, 5 ul of RNase A was added to
the supernatant, and each cell was incubated at 55C for another 60 min.
The reaction mixtures was electrophoresed on 2% agarose gel, and the
DNA in the gel was visualized and photographed under ultraviolet light
after ethidium bromide staining.
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