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ABSTRACT

In this study, we evaluated the polyphenol content, flavonoid content, antioxidant and biological of 70% EtOH extract and
its fractions (dichloromethane, ethyl acetate and water) of the plant Chrysanthemum indicum L. (CI) belonging to family
chrysanthemum. antioxidant activity was determined 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2’-azino-bis-3-ethylbenzthiazoline-6-
sulphonic acid (ABTS), and superoxide scavenging activity. The biological activity tests included measurement of a-glucosidase
and PTP1B. The results show that content of polyphenol and flavonoid in 70% EtOH of CI 30.20 mg and 31.58 mg,
respectively. Among the different samples, ethyl acetate (EA) fraction showed the highest level of polyphenol (87.87 mg) and
flavonoid (65.12 mg). The DPPH, ABTS and superoxide dismutase(SOD) antioxidant assay of EA fraction showed 93.84%,
93.38% and 84.68% inhibition respectively. The EA fraction also showed the highest antioxidant activity compared to 70%
EtOH extract and other fractions. EA fraction (20 pg/mL) showed the highest 30.29% and 99.24%, respectively compared to other
samples. The results of this study show that the EA fraction contained more antioxidant and antidiabetic components than 70%
EtOH extract and other fractions. In conclusion, we believe that CI may be useful natural antioxidant and functional material.
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B Ado) AM-E =1 (Chrysanthemum indicum L; Cl)<
A7FHANZF T ARl A Fofste] AHgsisith AAx# CI 50
g9 1089] 70% ethyl alcohol(70% EtOH)E 7}8ted 80T el
A 22Xz 23] B FES st FES F AR
(Whatman No.1, MO, USA)E ©|-&38}o] oJ3}35}9) AL, rotary
evaporator(EYELA SB-1000, Tokyo, Japan)E ©]-83}] &%
3lRem, CI 70% EtOH 50gS SRl dgsta, T3
dichloromethane(DM) ¥} A £3] Zwj|7]o] Y1 F53]
o] FiL, DME F5ote 4 33] iHEsisith. DM&
F To}A raotary evaporatorol| A F33ke] DM fraction(20
g T 40%)S AUt} F2 435l ethyl acetate(EA)E 7}
sto] 8 Zuj7]o| A FY st I 33] wHESte] EAE
A2 U} ©]E Fo} rotary evaporatorol| A aspirator® 7+t
slo] o2 A Asle] EA fraction(1l g, & 22%)2 4
o} HEFAH o7 T& Z(H,0) =3t rotary evaporatorol A as-
piratorZ 74l 85 A AS T, H)0 fraction(19 g, &
38%)= Atk o] F, FEE 9 I ES 5271 2(Operon

FDU-8606, Gimpo, Korea)Z 13J3+ 3 & & A-&3}9] )
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2. A Al
£ Agof| AMg-H A]ek2 Folin-Ciocalteu's phenol reagent,

tannic acid, microplate reader, AlCl; ethanol solution, quer-
cetin, 1,1-diphenyl-2-picrylhydrazyl, 2,2’-azino-bis-3-ethylben-
zthiazoline-6-sulphonic acid, tris-HCI, phenazine methosulfate,
nitro blue tetrazolium, [B-nicotinamide adenine dinucleotide
Saccharomyces cereviseZ5F-E] AIZ1 a-glucosidase, p-nitro-
phenyl-a-D-glucopyranoside(pNPG), p-nitrophenyl phosphate
disodium salt hexahydrate(pNPP), ethylene diamine tetraacetic
acid(EDTA), dithiothreitol(DTT), acarbos(ACA), ursolic acid
(UA) -2 =5 Sigma Chemical Co.,St. Louis, MO, USA®I| 4]

A3}93 2™ protein tyrosine phosphatase 1B+ R&D Systems
(Mi- nneapolis, MN, USA)°llA ull3}$]
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02 mLE F7Fste] & E9hgt &, 3831 Ao W63

3% % 10% Na,CO; 0.4 mLE 718t} &etal, SR/RTE 4
mL M7} & Apgste] Ao 1AIZF X g £ 725 nmol|
2] microplate reader(Molecular Spectramax340, CA, USA)E
=73t olw & ZelHE F3E2 tannic acidE o]
sto] 2Pdg FEd o v e 2 Ttk & S
o| & 3&Fe Zhuang®] WS W ste] 7513t Zhuang
XP 5 1992). =, CI 70% EtOH F&&53} EIE5S v EHE
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4. DPPH % ABTS z2jC|zh 47 &4

1,1-Diphenyl-2-picrylhydrazyl(DPPH) 2}t]Zt 42752 Blois
o] W& WEste] DPPH 2tt]Zel tigh Als &fatke]
Aol g3 2 kol 28] DPPH radicalo] Z4dhs F =S
FHE=E =733 KBlois ML 1958). CI 70% EtOH F+&&
S FE¥2 0.5 mL #3}3, 0.1 mM DPPH solu-
£ 718k vortex & Ao A 30487t HESA]

7 517 nmellq FFE=S SA SIS

DPPH radical scavenging ability(%) =
[1—(Sample,,/Blank,,)]x100
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2,2’-Azino-bis-3-ethylbenzthiazoline-6-sulphonic acid(ABTS)
gz 24 %S Red W Foto] A} Fo EH=E wF
<ol 9Jal gt Zo] Hadts F=E IRlste Ade 118
SIS tHRe R 5 1999). 7.4 mM2] ABTS + 2.6 mM potassium
persulfate & 24A17Het A2olA O Z-S I T, A9
27 ABTS 92 microplate readers |83t SF=7}
0.70+0.03(mean+S.D.)°] T =% phosphate-buffer saline(pH 7.4)
= o]-&3to] gAste] BtFo] FRth o] CI 70% EtOH 3
Z27 23ES 0.1 mLol ABTSE 0.9 mLE 7}sle] 4
EgtaellA 1023 WA £ 732 nmell A F3 =5 575t

om, AlLkae ofefel 2t

ABTS radical scavenging ability(%) =
[1—(Sample,,/Blank,,)]x100
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5. Superoxide Radical &~7H=

Superoxide radical &7 &4 =72 Nishikimi2] Wl
whe} th2-1} o] 2% 6k thNishikimi M 5 1972). CI 70%
EtOH FZ57 #3E5 U= 0.5 mLA ¥ 0.1 M Tris-
HCl &89 (pH 8.5) 0.1 mL, 100 uM phenazine methosul-
fate(PMS) 0.2 mLE &§ste] ¥Hg-A1Z1 F, 500 uM Nitro blue
tetrazoliuym(NBT) 0.2 mL % 500 uM B-nicotinamide adenin
dinucleotide(NADH) 0.4 mLE H7}5te] A 204 1087 vt
$-A171 t}S microplate readerE ©]8-3l%] 560 nmol| A &%
=5 =331tk Superoxide radical 2542 FEE9]
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Superoxide radical scavenging activity(%) =
[1—(Sample,,/Blank,,)]*100

Sampley, = A& H7HA9] 8=

6. a-Glucosidase X5l 2]

Kim¢] Wil whe}l CI ¥25(0.8 pug/mL, 4 pg/mL, 20 pg/
mL)<Z 8 pL, 0.2 unit/mL a-glucosidase 20 uL<} 0.1 M pota-
ssium phosphate buffer(pH 6.8) 112 uLE & &£33le] 37C
oA 1087 A28t thKim KY 5 2008). ©]% 1.25 mM
PNPG(p-nitrophenyl a-D-glucopyranoside) 20 pLZ 3 7}sko]
37ColA 1083t 8E3A1Z] 3 2 M Na,CO; 80 uL& RH3-S
BAIAA 405 nmel A F3=E SASHI ofwf, 24 ¥l
£ 9J3te] hZFO 2 acarbose(50 pg/mL)E AHE-SHRATE A]

ALY EL ol A2 &Zo] AFEsisith

a-Glucosidase inhibition(%) =
[1 —(Control — Sample)/(Control —Blank)]x100
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7. Protein Tyrosine Phosphatase 1B(PTP1B) X{5H&HA
Tonks®] el wle} pNPPE 7] A 2 o] g3le] Elits} 4
T 5 333t PTPIBel tigh A3 &= A8 T Tonks
N 5 1988). CI ¥3E(0.8 pg/mL, 4 pg/mL, 20 ug/mL)< 20
pLoll distill waterell =<1 PTP1B(0.5 U/mL) 40 pLS 21l 2

B8 2o] gak3l 2 g-Glucosidase?t PTPIB #]8] €4 237

mM pNPP(0.1 M NaCl, 1 mM EDTA, 50 mM 1 mM DTT)
50 uLe} &3 &, 37T ollA] 3087t HH-A1Z1T) 10 N NaOH
£ 100 uL H7Iste] ¥hg-& TAAZ ths 405 nmell A &3
T8 st o, &4 BluE gt YR ur-
solic acid(2 pg/mL)E AH&-3t5ith A& &2 ofl 22

ol ksl

PTP1B inhibition(%) =
[1 —(Control — Sample)/(Control-Blank)] <100

Sample = A& H7PA9] 3=
Blank = A3 e] F3%=

Control = ursolic acid(2 pg/mL) #2]9] F3%

8. AKXz

E7 42 IBM SPSS Statistics(Version 21.0. Armonk,
NY)& o] &3t 2t S4] Jd3 FFHAE 4HEsta,
A2|7ke] o] F-5-5 one-way ANOVAZ ¥293} 5, Duncan’s
multiple range testE ©]-83}9] p<0.05 FANA BA +49E
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A, Bepiio|s Sol 424 Felves 2 A Ak

Aol ok A7} 218 = 11 JTiKim WK 5 1999; Kim NE
& Kim WK 1999; Terao J 1989). CI &% 2 B3 &9 %
Zel9= 2 EA fraction©] E-E4 Al ol 7.87
mg/mLE 7P e S B9 o, DM fraction©] 33.46
mg/mL, 70% EtOH”} 30.20 mg/mL, H,O fraction 28.66 mg/
mL o2 ZR1e 4 UK Table 1). o]+= Cloll gFE &
& BH AEEC] EYAH A EA layerdl] HEe AL

Ko}, 70% EtOHoAe] Eejule hafo] BA] &2 32
Kim JY 5(2007)2] A+& &3l f718v £ &9 #HsA

31382 ethyl acetate fraction > butanol fraction > dichloro-

wa

methane fraction > ethanol extract > aqueous fraction > hexa-
ne fraction =2 2 YEP}H, 53] ethyl acetate fractionol]A]
H=54 sheheol 7 =4 Uehdte Z o glo] 7ke
sttt & EebEeol= 3 A EA £YEIA REEE
AR o8] 65.12 mgmLE 7P =& AgS Hlon,
DM fraction®] 34.80 mg/mL, 70% EtOH”} 31.58 mg/mL,
H,O fraction®] 30.29 mg/mL=Z YEh}= Z o2 Hol Zg]
=3 Kim 5(2007)9] 23} dA|she Zge Bk
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Table 1. Total polyphenol and flavonoid contents of Chry-
santhemum indicum extract and fractions

Sample Polyp.henol. Flavonoid.s

(mg tannic acid/g) (mg quercetin/g)
CI extract 70% EtOH  30.20+0.64"2" 31.58+0.80"
DM? 33.46+0.72" 34.80+0.54b)
CI fraction  EA? 87.87+0.39% 65.12+0.84%
H,0" 28.66+0.50" 30.29+0.91"

D All values are mean+S.D. of triplicate analyses.

? Different superscripts within a column (*™®) indicate significant
differences (p<0.05).

% DM=Dichloromethane.

9 EA=Ethyl acetate.

% H,0=Water layer.

M

2. DPPH & ABTS 20|zt A7 =4

Kim(Kim JH & Kim MK 2003)°] ¢]a}d XJ}%O%%
27 ) Zel Aag Fodste AF Fo A
ASEAY, 1A WA= 24 ez o w=3t5 oA
4 7 e sYS gulgth A= 4 FEE 4 28
DPPH % ABTS radical 24 A4S =481, 1 23
Table 29} 72t} DPPH radical 227 &4 2] 7%, EA fraction
o] 20 pg/mL2] FZ=oA 93.84%2 £ATS HolH, DM
fraction- 20 pg/mLolA 42.10%, 70% EtOH®] 100 pg/mLol)
A1 40.04%, H,O fraction®] 20 pg/mL 37.21%% eIt 1
% EA fractiono|A 7} £ 2SS HoFa gloH
ABTS radical 224843 2] %% EA fraction®] 20 pg/mL2]
oA 93.84% DM fraction©] 20 pg/mLe] 5ollA] 34.80
%, 70% EtOH®| 100 pg/mLe] FX=oA 40.04%, H,O fraction
o] 20 pg/mLe] FEoA 37.21%% YERGTl DPPHS}F ABTS
radical 2AZE 25 EA fractionol| 4] 7F¢ E%5°] =4 Y
gt} Ahn MS 5(2007)9] AFolA F Z2)ds e 2}
fr FZ 2AGA o] =2 el ko Busiylon,
T3 Lee GD 5(1997)2] AolM = Z2ld=3} 2 2
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)
o
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AdZ - & BAS - olgdn] HobAloF ARk
Z A U3 ARAS Hausla 9o, o]& Anag-
nnostopoulou MA 5(2006)2] 145 %3 DPPH =4 4
Aol HEAd Edol o9& itstatge] A ket AT
At} I Aol vty B, B Aqe] Aus F &
gpe ol =g ZeluE, A ez aAEde At &
)5
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3. Superoxide Radical 2~7H=
kel Ao gl Fo shur A g zs JAlske
2180 2= HAFFI2-8(DPPH, ABTS), Superoxide dismu-
tase(SOD) -ﬂ-/\}%ﬂ S°] Ut} Valko M 5(2007)° 9]5}‘34
AAFAZE- A gzl AAE Fodste] 2sEs
Ashks AL @ska, SODE A Wel B A=t ﬂ
dor FIHo] F 2IIEE SOl 275 HHAE e A
AR AATE oz dEA ) A F2E 2 B EE
< v &A% WH9 NADH/PMSE 24 Superoxide radi-
cal 2A5 S =489 1, 1 23} CI 70% EtOHS] 5= (4
ug/mL, 20 pg/mL, 100 pg/mL)e] £AAGY L FE o|EH o=
UEeRgom, o]= 32l ascorbic acid(20 pg/mL)ET 25
frojR o= b}ﬂ—‘/‘ﬂ-(Fig 1. E—@,%ﬂ 7§—°r, EA fraction©] 20
pg/mLe] F=oA 93.84%2] A~A5S H$ 2™, DM fraction
O] 20 pg/mL F=oA 42.10%, H,0 fractlono] 20 pg/mLe]
oA 37.21%=2 YEFSTHFig. 2). EA fraction®] 7% th
Z:r“ﬂ ascorbic acid(20 pg/mL)E.t} 28] o] AAGA S B
ol Ao Rld) o|g Aite Ao %8¢l DPPH
U ABTS9F 22 A3} 3k HolFo] SOD A2 9] 4+
A #HsA 24 oF kst Agelga = 5 Sk

4. a-Glucosidase X3{ &4
a-Glucosidase= ol # 7= o]
e HE 9FFE Soliske 9=
2B 2 g-glucosidase EAE AT EHA HFHE A}
AA T TS vhS 5= thKim SS 5 2009). ]9 2
TR Y-S ERls] Al Cl FE=55 = aglu-

O—U—‘—l

DAY 3ol EAsh=
3t Lee BH 5 2012).

Table 2. DPPH and ABTS radical scavenging ability of Chrysanthemum indicum extract and fraction

Measurement Ascorbic acid 70% EtOH DM? fraction EA? fraction H,0" fraction
DPPH radical scavenging ability 30.14+0.24" 40.04+1.24" 42.10%1.52" 93.84£1.14" 37.21+0.63"
ABTS radical scavenging ability 28.944+0.62 22.3840.96 22.26+2.34 93.38+1.44" 18.89+0.83
D All values are meantS.D. of triplicate analyses, =~ p<0.05, ™ p<0.01 vs Control.

? Control=Ascorbic acid (20 pg/mL).
3 DM=Dichloromethane.

9 EA=Ethyl acetate.

> H,0=Water layer.
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Fig. 1. Superoxide radical scavenging activity of Chrysan-
themum indicum extract.
D" All values are meantS.D. of triplicate analyses, * p<0.05 = p<
0.01 vs Control (Ascorbic acid).

2 AA=Ascorbic acid (20 pg/mL).

= 100
E =
s sof .
S
B
£ 60F -
=
£
T 40f
!
o200
5
g
g o _
AA~ DM EA H,O

CI fractions
== 08 ygmL BN 4 poml )0 omL

Fig. 2. Superoxide radical scavenging activity of Chrysan-

themum indicum fractions.

D All values are meantS.D. of triplicate analyses,
Control (Ascorbic acid).

2 AA=Ascorbic acid (20 pg/mL).

3 DM=Dichloromethane.

Y EA=Ethyl acetate.

9 H,0=Water layer.

" p<0.01 vs

cosidase B4 AA&& #2135} th a-Glucosidase B4 #]3f
95 =33 23 EA fractions TE=H(0.8 ug/mL, 4 pg/
mL, 20 pg/mL) 2 X 2let= W 22t 9.27%, 17.71%, 30.29
%% a-glucosidase?] &4 A a2E B oH, =T acar-
bose(50 pg/mL)E 50.12%<] A& YERATHFig. 3). ¢
Aglo] Auo|A] thZET acarbose: a-glucosidase A3 A =

27e] gutl| A o758 238 a-glucosidase & 1A

=7 #8E9] g4tsl 9 o-Glucosidase®t PTPIB A&l &3 239

100+

B0+

60~

40~

20~

a-glucosidase inhibition (%o of control)

aca” DM 1a® HO"

CI fractions
— 08 pgmL E= 4 ;g/ml  EER )) o/m[
Fig. 3. o-Glucosidase inhibition of Chrysanthemum indi-
cum fractions.
Y All Values are meantS.D. of triplicate analyses.
2 ACA=Acarbose (50 pg/mL).
3 DM=Dichloromethane.
9 EA=FEthyl acetate.
9 H,0=Water layer.

do 2N ershEl] 4L8gTE
SHFE AR HuFE o (Martin AE & Montgomery
PA 1996), EA fration©| acarbose®} H]S:3t 235 Hlo=z
M a-glucosidase &g A 2H&o] okar gl = gl

Aolgomn A% 9

o=

5. Protein Tyrosine Phosphatase 1B(PTP1B) X{sH&H-A

ol&elo] 1 -&-A 9} 2E3PH IRS-1(Insulin receptor sub-
strate-PI3K(Phosphoinositide 3-kinase) 74 25 F3l & thAl<}t
22 = f :0]'71] Hrk ojuf legdH Ed 78§
A2l %‘% 47} PTPIBOI™, PTPIB] &43}
™ ?l%%«] 5}3‘0 Lot HBE ¥ 89
ol J st 4= 9)tHElchebly M 5 1999). PTPIB &4 Alaj &
2 2338 A, ETF ursoric acid(2 pg/mL)el ¥]s] DM
fractionS 0.8 pg/mL, 4 pg/mL, 20 pg/mLE 2] A] 242} 42.55
%, 52.66%, 92.45%, EA fraction Z}Z} 84.1%, 90.78%, 99.24
%= FAACE f+olstA PTPIBY &4 A a3s B3t
(Fig. 4). <A a-glucosidase A& A3}, EA fractionol| A GA|

B gelsto] AA ot H]‘ﬂ 2542 <&z PTPIB
oA e BelsSith Cl #2852 PTPIB A &5< &
Q13 A}, a-glucosidase A 7,%4/]'9]' Z+o] EA fractionol| 4] &
Al 5ol =A e ©]= EA fraction £l a-glucosidase
<} PTPIBE IAske thafe] &4 AiEEe] &5 veh
A= AR 58 5 glen, Cl E9E°] a-glucosidase
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Fig. 4. Protein tyrosine phosphatase 1B inhibition of Chry-

santhemum indicum fractions.

D Values are meantS.D. of triplicate analyses, =
trol (Ursolic acid).

? UA=Ursolic acid(2 pg/mL).

% DM=Dichloromethane.

9 EA=Ethyl acetate.

> H,0=Water layer.

p<0.01 vs Con-

£ AFoM= T3l &= Chrysanthemum indicum

L. (c1)4 70% EtOH FZ&%& 2 3 E(dichloromethane, ethyl
acetate 3 H,0)9] ]9l 3%, St o= &, Hitks)
24 9 g s Brtstanh 3kt &4 2 2= DPPH,
ABTS % superoxide &7 4% &Rletia, A8 4
7}& a-glucosidase 9} PTPIB A8 &84S =3ttt 1 2
7}, CI 70% EtOH FZEIA Eejosd Fetieo|=9]
aheke 747} 30.20 mg 2 31.58 mgel Aoz e} o
2 B8E T EA 28 E°] Z29=(87.87 mg)Tt ZEE
o] =(65.12 mg)2| o] 714 =Stk EA E—Q%Q DPPH,
ABTS % SOD &7%< 72} 93.84%, 93.38% 2 84.68%2]
AAE YR EA 8 &2 70% EtOH =55 4 t& &
Y3} vlwste] 71 = kst A Btk =3 EA &
3 E(20 pg/mL)9] a-glucosidase 2 PTP1B 94| d3= t}&
Aol va] ZH2t 30.29% 2 99.24%9] 7HE =& ﬁxﬂ—é— =
Eich 2 A7 235 B3l =] EA E¥E0] 70%
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