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Antioxidant activity of Water and Ethanol Extracts
Chrysanthemum zawadskii Whole Plant
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Abstract Consumer demand for natural substances to replace synthetics in food, cosmetics, and medicine
continues to increase. This study was undertaken to verify the pharmacological activity of a traditionally
used medicinal plant. Gujeolcho (Chrysanthemum zawadskii var. latilobum K), a domestic plant, was
selected for its availability and economic feasibility, and its antioxidant activity was evaluated by analyzing
the phenolic compound content and free radical scavenging activity of whole plant extracts. The whole
plant was extracted with water (CD) or 80% ethanol (CE), and polyphenol and flavonoid contents, DPPH and
ABTS radical scavenging abilities, effects on cell viability, and inhibitory effects on cellular ROS production
of both extracts were measured. Polyphenol and flavonoid contents were 76.3+0.4 mg GAE/g and 49.6+2.9
mg/g, respectively, for CD, and 69.6+0.5 mg GAE/g and 39.4+0.1 mg/g, respectively, for CE. The extracts
exhibited DPPH and ABTS radical scavenging activities by » 85% and > 94% at 1,000 gzg/mL. Cell viability
remained at 100% for CD and CE at 1, 10, and 100 gg/mL, and CD and CE concentration-dependently
inhibited intracellular ROS production. While CD had the higher phenolic content, CE had better DPPH and
ABTS radical scavenging activities and more strongly inhibited ROS.
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2.2 NI HHQF

SHA| 2ol A U3 Raw 264.7 AEE 10%
FBS (fetal bovine serum, Invitrogen Co., USA)2}
1% penicillin/streptomycin (Gibco BRL Co., USA)
Z A" DMEM(Dulbecco's Modified Eagle's
Medium, Gibco BRL Co., USA)HiZ|olA] Bi¥(37T,
5% CO,, Forma scientific Co., USA)SIZIT}.

2.3 MEZ d=8 Bt

AES 1.5%10° cells/well& B3=3}0] 24417k vl
(37T, 5% CO)stReH, CD2 CES 1, 10, 100ug/md
9] B 77t Aesto] 24417k Bt ThA] HigESict
HjoF Fof CCK-8 §4& 10w H7Iskar 308 51t 5t
A7 5 450mold FHES Sgaioct. Aok Hx
2ol HEt ME YEee WEge BAS

St m7

2.4 st 29 B

10mg/mf =Y FEx F75 FEE2(CD)T +4x
80% OE+E FEE(CE) 1mlol ZZ 50% Foiln-
phenol reagent 0.5m{ (Merck Co.,
B7hsto] QAo 382 WA o]

Ciocalteu's

Germany)=
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& BRAAE(sodium carbonate, Sigma Co., USA)1m{
ot 7.5m FFTE AR EFoto] 301 ¥hSAIX H
12,000rpmellAl 102 &<+ FiEst] de A
9] FBEE 760nmelA 45t s S
gallic acid (Sigma Co., USA)E EEE4E sto] 24
g A et TR A

2.4.2 E2EL0|E ofE HIt

10mg/m =%°] CD&} CE 0.1m¢oll 0.9m{9] 80% of|gt
22 Eshelo] AIERSt 0.5mell 10% aluminium niatate
(Sigma Co., USA), 0.1m9] 1M potassium acetate
(Sigma Co., USA), 4.3mi9] 80% ole-&= 22t d7tst
o] A2o]A 4083t ¥HEAIZ1 ¥, 12,000rpmollA 102
B AHEDTH d2 AN FHEE 415nmol|A
Z2A3l9ty. EgtHLo|E SRS quercetin (Sigma
Co., USAE Z/det HE3Ao] wet =k Asdtt.

2.4.3 DPPH radical &7 &

1, 10, 100, 1,000ug/m{ == 343t CD?} CE
100ue DPPH (2,2-diphenyl-1-picrylhydrazyl,
Sigma Co., USA) 0.2 mM9] £ 150uE 2+ &%

Sto] AlZEfF7] (37T, 5% COONA 308 F9F BhSA]
71 5 517molA BT SH59h dRxTde S5
<% Y93l DPPH &9 HixZ o= oe&sd Yol
B33k A9lth. DPPH At AAE&L o 49
uje} sto] HELE UeRfQltt.

278(%)=(A-B/A)x 100

A A7 FA7HE 9ReES] 8%
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2.4.4 ABTS radical 27 &4

CD%} CE9] H&Z 1, 10, 100, 1,000ug/mZ 314

ottt 7.4 mMS ABTS® 2.6 mM potassium
persulphateg 23}sto], oAl 2447 WAFE H
732mel A9 = Fol 1.5 ol ks 343t
act 3A"E ABTS+ 89 95u9} ZH2] A&E Sul
E3oto] A2ofA 1087t BEAIZ F, 732melA &
FrE S5 o= SRFE 29eH, o
Zto] tigt ABTS 2z &AEL oh3 Ao wet
ofo] WE-SE UERQICE

AA&%)=(1-A/B)x 100
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12 well plated] Raw 264.7 AEE 2x10°
cells/well2 Esto] 24417 ¥iF(B37T, 5% COSH
H 5= CDO CE®F 1ug/me] =9 LPS(Sigma
Co., USAYE At & 24A1%F &<t oA viFstTt.
1,200rpmofA ¥4Ee]ste] 23t Al 25 PBSE Al
313 10uM2] DCFH-DAS F71st9] 1587 AR,
4o £t} PBSE Yl YAHES & fAIE 24
7|(flow cytometer, FACS : Becton Dickinson, Co.,
USAE BT Al7lol W& wals S4st3ioH,
t=o] gt ROS B3-S WEEE Yegich

2.5 A

AN 33] ol vHE oW, A& 2t Blus
one-way analysis of variance (ANOVA)?} Student's
t-test® ARSI BAA  fYHE  AFSIH
(*p<0.05, **p<0.01, ***p<0.001).
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NE =S &4 A¥= Fig. 13 2k g2
= 100.0£5.6%= Y= ), 1, 10, 100 ug/ml &%=
oA CDE 104.14+2.0%, 107.0£7.0%, 107.1+5.6%
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69.6+0.5mg GAE/g, 39.4+0.1mg/g®E ZA= U}
Zas 2280 CD7} ofjghe 22E9] CREL} Z&]1)
=3 S 0|29 o] e, CEY A &
Az oge FE=2 E29=(62.84mg/g)¥} E2HE
10]E(38.23mg/g) FFE EA Wool1719] 2t
o+ FARE At ‘%EH&E} Wook 22 A7t} 2%
HhHol| whet gAks E219] dhero] HelshS H st
), & A7olHs gl wet A Wabt e T

o, ExE XS Aol 359 st 59
ol18]9] & o2 A+ At
A£719 Eevis g2 47 35.27
0.71mg/g@t 23.31 + 0.48mg/g®, Seti ol
T2 742 11.84 + 0.73mg/g¥ 14.07 + 0.17mg/g=
FAE o] Aol dE7|Et FEx £9 HE
4] SI3HE9] ghgo] Wkt B Ao dx Ax
oA &3 WA SMES] PR Hct
CD®} CEQ] Zd]ulis3} ZetEo|=9] g A=
AEH o= ARSI 2089 FEAEEY, oL, T
7, Wk BEARE, eulR}, o, xS 5)9] 1
B4 IR RS FARRE Kim[19]9) A7 Zxet
H W PS ], SFT81.2 mg/g= ARt 19FHT &
gl o] o w9koH EtELolt g2 Tz
(49.6mg/g)s A9t 19FHTt &4t waha ?L@_E
Az 2EE2 PAlst 22A 9] &8 747} Hi-
gt
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Fig. 1. Effect of CD and CE on the viability of Raw
264.5 cells. CD is a distilled water Chrysanthemum
zawadskii var. latilobum K extract, and CE is
an 80% ethanol extract. Cells were treated
with CD and CE at each concentration (1, 10,
and 100ug/ml) and cultured for 24 hours. 10u
of Cell Counting Kit-8 solution was added,
reacted for 30 minutes, and absorbance was
measured at 450nm.

Table 1. Polyphenol and flavonoid content of
Chrysanthemum zawadskii var. latilobum K

extract.
Sample Polyphenol content Flavonoid content
p (ng GAEY/g) (mg/g)
CD 76.3£0.4 49.6£2.9
CE 69.6+0.5 39.4+0.1

DTotal phenol content was expressed as GAE (milligram of gallic
acid equivalent). CD is a distilled water Chrysanthemum zawadskii
var. latilobum K extract, and CE is an 80% ethanol extract.

3.2.2 DPPH radical A7{ &4 7}

DPPH radical £AH2 A2 B4 == DPPH
radicalo] 34}t E23} BhSolHA R0 R Hale]=
=g A9 E49 P 58 Hrksks ®Hol
t}. CD®} CEQ] DPPH radical &4 &44& &35t 2
TH= Fig. 20014 H4= Bk} o] 1, 10, 100, 1,000ug/
n HENA CDE ZZ 13.6+1.4%, 19.9+1.7%,
55.1+£0.1%, 86.7+1.6%%, CE= ZZ 13.1+1.6%,
18.7£1.6%, 56.9+2.6%, 88.7+2.2%% &3 o] F
Al BE 5% 9EHog gio] F7I5th Fdz9
o HEE FEE S ZES ARG
Chung[9]9] AFolAME 4mg/ml oA £33 A£7],
2ol DPPH radical &7 Aol ZIZF 89.87%,
87.64%, 75.03%= YElut=tl, & AtolA CDL CE
T5 Ing/ml SEONA o]t fARE A4S S-S Vet
Wt ol Fd FEEHT Hx SFEFC] B2 5k
oA FARE EIE LA £ U AR mEbA
2 3%, o BAHeR 4t &t
[Cso%k> CD%} CEZ} 22t Sug/mQ I 51.7ug/ml
=2 UrE’r‘*h A, o] Kim[1919] A4 2059 oF&

AE SollA EedlesRtEe] ST A E40] =

2 Aoz lH A(80ug/ml), 7M1 (75ug/md), =
°JJ—4(92ug/mﬂ), e (140ug/md)Y radical &4 &4
[Csott vl IS e 22 Fro = SIx|o] A 4kt
2AEA Ths/30] Wi Erha weET)

M, His4 SRES Sl ¢ Betd CD7} CEol
H|3] DPPH radical &7 2/J0] &£& 22 & dI&313l
O} CEZ} 921 A=, ol ATk tE AtollA
T 5% TEHD gAE Bo] x3hE SuiE AR A
£ BEE Qs FAE 4] o] Al W A4S

EAT v83t AT sfAE=d|[17,20], & A+ 2
I A FFRSE SR ARESE CDolA =413} Sz
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o] ZUIet 2tz Kot sty Hl=/d 3RMES] o] Wokd CDY] €40] C
o} vlas) thad WA YERd A3k DPPH radical _1_7-]

3.2.3 ABTS radical A7 &4 m7}

Potassium persulfate®} 34 HES-A]A AB4dst ABTS
radical cation®] A& W A5 E-of 93] EAEE=
BEE Z7goto] PASH &S Hrlshke ol

CDS} CE9] ABTS radical &7 &4 743 A3t
Fig. 3014 B& uie} Zo] 1, 10, 100, 1,000ug/ml &
TolA CDe ZH 1.9+£0.7%, 7.1£0.3%, 31.8+2.8%,
94.4+0.1%%, CEx= 27 0.8+0.4%, 5.4%0.5%,
22.5+1.3%, 94.740.1%2 S4o] LT &= &4
Ql 7k ERIFHFig. 3.). o Z7Z Chungl9lo] &
3 Az R oehE FEE9] ABTS radical
47 &A47 ¥|ws] EH, DPPH radical &7 249
Aol 22 S B

dmg/ml SToA £3t AEV], Byt 42 95.21%,
97.05%, 79.11%= Uet¢tor ol CDe CEZF 1mg/
n oA vEhd 43 A9 558 =59 24
Hod ABTS radicalol] X +Ex0] & 255
Z50] ¢ ¥ FEoA AU FRIF

[Cso%k-2 CDF CE7} 242} 466.7ug/ml 3+ 491.9ug/
nE AAFE]o] DPPH radicale]l disiAs 953 &4
< ZEAh, ABTS radicaloll tiaiAEs Atizoz e
& 7 AoR EAEY F /A wHos &
A3 A7) 24 Aol 4 thE radicalS ARESHAL
A= W A4S 249 g ] AolollA 71Q1g 2
=2 FZrETH21].
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Fig. 2. DPPH radical scavenging activity of Chrysanthemum
zawadskii var. latilobum K extract. CD is a
distilled water Chrysanthemum zawadskii var.
latilobum K extract, and CE is an 80% ethanol
extract. 1004l of each concentration (1, 10,
100, 1,000ug/m) was mixed with 1504 of
0.2mM DPPH solution, reacted for 30 minutes
at 37°C in the dark at room temperature, and
measured at 517nm using a spectrophotometer.
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3.2.4 ROS MMzF Tt
SAJAAZ(ROS, Reactive Oxygen Species)<
7173 A1) AL T4 JFAFH R PFAE=

Ao] =2 AtA S & BXES el dA 4229] ROS
= UAIE WolstAgL, It B Ao AR &
AFS olE 13} 9= A¥F Ak oF = tiopst Aol

g3 ol oejare 712Ich
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Fig. 3. ABTS radical scavenging activity of Chrysanthemum
zawadskii var. latilobum K extract. CD is a
distilled water Chrysanthemum zawadskii var.
latilobum K extract, and CE is an 80% ethanol
extract. 540 of each concentration (1, 10, 100,
1,000ug/ml) was mixed with 954 of ABTS-+
solution diluted to an absorbance value of 1.5
or less at 732nm, reacted at room temperature
for 10 minutes, and measured for absorbance
at 732nm. Measured.

ROS levels(% of Control)

‘ 10 lrmo
CE

Normal}Control 1771 10 ‘ 100

CcD

. Effects of CD and CE on ROS production in
LPS-induced Raw 264.7 cells.T CD is a distilled
water Chrysanthemum zawadskii var. latilobum K
extract, and CE is an 80% ethanol extract.
Raw 264.7 cells were treated with various
concentrations (1, 10, 100ug/ml]) of CD, CE,
and LPS at 1 pxg/ml for 24 hours, and ROS
production was analyzed using flow cytometry.

(significance of results, *** : p<0.001 compared to control)
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CDe} CEQ] ROS A4 A &4 B7Isk7] sl Al
= A7 & Raw 264.7 A2 Y] ROS AAAHFS 43514
t}. Fig. 4004 Hi Hie} Zo] 272 100%2 P
o, 1, 10, 100ug/m EEoA CDE 138.5+3.8%,
98.0£2.8%, 56.0+5.6% (p<0.001)Z WerFoH, CE
£ 100.844.1%, 65.9+4.3% (p<0.001), 47.245.0%
(p<0.00DZ Ueht CDEF CE BF 5= 9J&yo=z
ROS A< AAISHI .

4.

ny

g2

£ dAolAe =W F8AE 5 A AFel Wi 5
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FEote] FARE AAsty, Az AR HA it
SH=A S &8 7]*—‘33 At R} shgict.

Tz F(CD)% 80% “IeH2(CEE &
ERolE TS Bt
S radical &7 €43, A= W ROS 84
Zol vX= FFE HrlokAh

& Eder} EetEeolE T2 CD7 76.3+0.4
mg GAE/g, 49.6+2.9 mg/g®, CEE= Z}Z} 69.6+0.5
mg GAE/g, 39.4+0.1 mg/g2 &A= SH7L &
0] © B2 mHed REE 25 SIS

DPPH radical® ABTS radical &4 €42 CD&t
CE BF 5% &4l F71 /o] ettt 1,000 ug
/ml F=o)A DPPH radical®] %, CD+= 86.7+£1.6%
2, CEE 88.7+2.2%% YEFHO™, ABTS radical®
AL, CDE= 94.4+0.1%%, CE= 94.7+0.1%% YERG
tt. & £79] radical &4 A4S Hr1sH 29, w4
SIeHE] glefo| &9kd CDXth CES] &4do] gt &
3=, o= 89 Zolof wE AR Hlr} g
9] Zo|7} 4471 radical®] /g7l Y= PIAL, &
o] Eo] xetE B 4] radical ATl BolA
A= W A 2439 gh34go] =obkItH20]. o]zt
7+s/39 At & AolA yehd 20 E wdH
F7HQ S B9 + &HERE FE2d IFEY
TAAQ 24 9 Ao I A7t Bastzt
37yt

=

T=

CD%} CE9 A AHZLL 1~100ug/md BEolA
100% ©]Ate] Al WELL Ho] AY H& HoM=

Azl et Felgol YERA] ot M2 AY s=E
st
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AlZ Y ROS AL 1ug/ml =04 CDE} CE

HE Z79c} 10ug/ml S04 CDE 98.0+2.8%E,
CEE 65.9£4.3% (p<0.00)E EAFo] T A7 7t
ROS 473 A&l /3o & &ol7t AUt 100ug/ml &5
oA CD+ 56.0£5.6% (p<0.001), CE= 47.2+5.0%
(p<0.00DZE U & A& 7F &4 Aol EolE3 2
1 CE7} CDOl H]sf <=3t 4 yepiich. 230
2 59 sZolA ROS A4 Al &/do] 253 AR
CEZ zhdhdch

ool ATE FSHH, +4x Ax FFS
T oghE FEE BF WA PASAIRAS &8 Ths
do] 9lom, E3] 80% olete FEE9] %% 77t =
2 Zo= woHEr 3y, &) deo] g F&= W
IRHE RS Hslkes A5 B9l F EE 249 3¢
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