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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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FOR AA HA=FE "ol HAY, A=A vV itk
(Shin YT 5 2004). o]2]gt Z=2 3ol go = 29, g,
& s, doF Aot T o] 8%l 9o (Park CS 1965),
2 oY AFES S8l A=) Fd(Jang DS T 1999), &
%d(Shunyaing Z 2005; Lee DY 2009), W Z4 &3 (Heon
MS 2009; Flen AN 1999; Kong LD 2000; Wang ZG 2000)<}
3t (Cheng W 2005) 5°] 8181 o} =3k =2
T vge] xR A=EFY EHedp) doas delA
St} o] dtk 7 L:'?-J spsbA 7o gt A2 E luteolin,
apigenin, acacetin 2 flavonoid ¥ GAE(Ryu SY 1994; Cha-
tterjee A 1981), lactone+Chen Z & Peijuan X 1987), -
(Uchio Y & 1981), sesquiterpene©] AJ2Fet2] Zmo & o
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1. M2 Y AZFE

= ]5301] A8 A= (Chrysanthemum indicum L; Cl)
AR (FE AD)AA Fafete] Abgslsith 2128 Cl 50
gl 10812] 70% ethyl alcohol(70% EtOH)< 7}5le] 80Tl
A 247 28] R FEE AP, FEF F A3
(Whatman No.1, MO, USA)E ©]&3o] oJ3}s1%] 1, rotary
evaporator(EYELA SB-1000, Tokyo, Japan)E- o] &3l &
3ldem, CI 70% EtOH 50gS Z7<dl dgsty, T3]
dichloromethane(DM)¥} 4| &3 Zuj 7] Y1 F53] 4
°] Fi, DME F53t= 4 33| Bt&Esisith. DM& A
H To}A raotary evaporatorol|A] H33}e] DM fraction(20
g, T8 40%)= ATk F2 FZ0l ethyl acetate(EA)E 7}
st} 8 Zur|o A Egshe = 33 vHEdle] EAS
A2 T ©]E o} rotary evaporatorol| A aspirator® 7%t
3te] 802 A ASke] EA fraction(11 g, 8 22%)S AU
o}t HFTAH o R F-2 FH(H,0) HE3F rotary evaporatoroll A as-
pirator® 7Ftsle] B8 A7 & &, H,0 fraction(19 g, T8
38%)= AATH
FDU-8606, Gimpo, Korea)&
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2. Ay Aot
£ g o] Ag-2 A]ek2 Folin-Ciocalteu's phenol reagent,

tannic acid, microplate reader, AlICl; 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 cereviseZ5-E 2417 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) 52 =5 Sigma Chemical Co.,St. Louis, MO, USA®i|A]

A13}99.2™ protein tyrosine phosphatase 1B R&D Systems
(Mi- nneapolis, MN, USA)llA ol 5}9i o}

i
1]
n
é
L
>|'E
MJH
L)
HT
H
z ©

lo In
ot
= O

(Folin O & Denis W 1912). CI 70% EtOH FZE(4 pg/mL, 20
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ng/mL, 100 pg/mL)2}F 8508 pg/mL, 4 pg/mL, 20 pg/ mL)
< 0.2 mL# #3}aL, @719l Folin-Ciocalteu's phenol reagent

02 mLE A7Hel] & EHE F, 381 A el YA
38 & 10% Na,CO; 0.4 mLE 7Iele] &3stn, S/FE 4

mL H7Fe & apgate] Ao 1A17F X E £, 725 nmol]
] microplate reader(Molecular Spectramax340, CA, USA)E
=73t ol & Z2]¥s SFHES tannic acidE ©| &
Slod 2 FEFAHCRTE S otk & SebEe
22 Zhuang®] WS WAE st =731 thZhuang
XP % 1992) =, C1 70% EtOH F==7 855 sz
0.1 mL® 23 2% AICl; ethanol solution 0.1

AeolA 1417 YA F, 420 nmol | FHEE S
o} EFERHZE querceting AFESIR o, EFEEZ O
P43} Hete] & Fehuiol= FFE Takith

o= g

4. DPPH 2 ABTS 2jc|zt

1,1-Diphenyl-2-picrylhydrazyl(DPPH) }c]Z 2752 B101s
o] Wi WEste] DPPH ttiztol theh Al &3t A
Az Z3 2 930 2|3 DPPH radicale] 743lE 7@5%
—E%%E =% doﬂ ThBlois ML 1958). CI 70% EtOH %%
=E2 0.5 mL #3322, 0.1 mM DPPH solu-
tion 1 mLE 7}6}01 vortex & A g0l A] 307 WHE-A]
7 517 nmol|A FBEE S5
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DPPH radical scavenging ability(%) =
[1—(Sample,,/Blank,,)]x100

Sampley, = A& H7PAS] 3=

Blank,, = A2

2,2’-Azino-bis-3-ethylbenzthiazoline-6-sulphonic acid(ABTS)
g 2752 Re2l Wdl Fole] Axp gof &3z vk
5ol o3l grjZo] fadtes AEE st A4S 78
3ATHRe R 5 1999). 7.4 mM2] ABTS + 2.6 mM potassium
persulfate & 2441 7Het Aol A U TS A3 T, AY
2174 ABTS €945 microplate readerE ©| &35l 3 =7}
0.70+0.03(mean+S.D.)¢] T =% phosphate-buffer saline(pH 7.4)
< ol&3to] 3|4ste] stFo] FRIth o] F CI 70% EtOH =
7 #2855 0.1 mLo] ABTSEY 0.9 mLE 7Iste] A
ol A 1023 ¥EEAIZ] £ 732 nmollA] 3 =5 S5t
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ABTS radical scavenging ability(%) =
[1—(Sample,,/Blank,,)]x100
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5. Superoxide Radical &=

Superoxide radical &7 74 %2 Nishikimi®] #'Hol
upe} ohg3h o] =431 ti(Nishikimi M 5 1972). CI 70%
EtOH 523 ¥28S5 F=HE 0.5 mL% Y1 0.1 M Tris-
HCl 2H=8-<4(pH 8.5) 0.1 mL, 100 uM phenazine methosul-
fate(PMS) 0.2 mLE &3sled ¥H-A1Z1 ¥, 500 uM Nitro blue
tetrazoliuym(NBT) 0.2 mL % 500 uM B-nicotinamide adenin
dinucleotide(NADH) 0.4 mLZ & 7}slo] A &ofA] 1087 vt
SA1Z1 3 microplate readerZ ©]-8-3l 560 nmolA 3
=5 =435}tk Superoxide radical 2ATAHS FEE A

b A3 Fo| Aolg st o] MEgE eI

Superoxide radical scavenging activity(%) =
[1—(Sample,,/Blank,,)]x100

Sampley, = A& H7HA9] 3=

Blanky, = BA192] 3%

6. a-Glucosidase X3l &4

Kim®] Wel we} CI 22 8(0.8 ug/mL, 4 pg/mL, 20 pg/
mL)< 8 pL, 0.2 unit/mL a-glucosidase 20 uL<} 0.1 M pota-
ssium phosphate buffer(pH 6.8) 112 pLE Z &3ste] 37T
oA 10&37F A 23k thKim KY & 2008). ©] % 1.25 mM
pNPG(p-nitrophenyl a-D-glucopyranoside) 20 pLE 3 7}35}]
37°ColA 1087 -84 3 2 M Na,CO; 80 L2 WH-2
HAAA 405 nmellA FFEE ST o], &4 Bl
= S5t txeko & acarbose(50 pg/mL)E A8t A

DYES ok} A3t Lol AL

ol

a-Glucosidase inhibition(%) =
[1—(Control —Sample)/(Control —Blank)]x100

Sample = A& H7MA9 F3=
Blank = ZA|ge] §3=

Control = acarbose(50 pg/mL) 29 3=

7. Protein Tyrosine Phosphatase 1B(PTP1B) X 3li&A
Tonks2] ¥yl whel pNPPE 7|2 & o]g-alo] gelats) 4
=5 Z%43te] PTPIBol Ulgt Aal &4 2AFSH T Tonks
N S 1988). CI ¥2]2(0.8 pg/mL, 4 pg/mL, 20 pg/mL)S 20
pLell distill waterell <1 PTP1B(0.5 U/mL) 40 uLE 21 2

Z=(Chrysanthemum indicum L)) 23 859 418t 2 o-Glucosidase®t PTPIB A3 &4 237

mM pNPP(0.1 M NaCl, 1 mM EDTA, 50 mM 1 mM DTT)
50 pLo} &3t &, 37TolA 3047t ¥H-S-AIZITE 10 N NaOH
£ 100 uL H7Fste] ¥he-g FAAZ v 405 nmoll A 53
olwl, &4 HlwE flete] RGO R ur-
solic acid(2 pg/mL)E AH&SIATE AL &S ol 23

o] A=Esigit

= = =]
=2 2459

PTPIB inhibition(%) =
[1 —(Control —Sample)/(Control-Blank)]x100

Sample = A5 H7HM 9] F3F=
Blank = $A|@9] F3%
Control = ursolic acid(2 pg/mL) *2le] SH=

EA 242 IBM SPSS Statistics(Version 21.0. Armonk,
NY)& ol&ate] 7} Sgwel Fi3 FFUAE =,
27k 2ol F-5-E one-way ANOVAZ F413+ 5| Duncan’s
multiple range testS ©]-&3}] p<0.05 FFoA BA B4
stk

& Kim WK 1999; Terao J 1989). CI F&& % H3 59| %
Z2]9= TS EA fraction®] EE4 e o3l 7.87
mg/mLE 7Y =& drakS B9l on DM fraction®] 33.46
mg/mL, 70% EtOH”} 30.20 mg/mL, H,O fraction 28.66 mg/
mL =02 golgd 5= K Table 1). o]& CIel 38 &
2 AF AEEe] 28I EA layerol] g Aoz
Holu}, 70% EtOHA 9] Fejolle dfo] BA ¢4 2
Kim JY 5(2007)¢] A+& &3l 77|80 22 &9 =4
S}3HE-2 ethyl acetate fraction > butanol fraction > dichloro-
methane fraction > ethanol extract > aqueous fraction > hexa-
ne fraction 2.2 ER}H, 53] ethyl acetate fractionolA]
H=4 shgreol 7Hd #= vehdae A= grlo] 7he
sttt & SehEeol= 3 A EA £8 80N EEad
kAol o8) 65.12 mgmLE 7P H& S Hylon,
DM fraction®] 34.80 mg/mL, 70% EtOH7} 31.58 mg/mL,
H,O fraction®] 30.29 mg/mLZ UElY= HAo 2 Hol Zg]
&3 Kim 5(2007)¢] A3eh dAote EFe EATH
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Table 1. Total polyphenol and flavonoid contents of Chry-
santhemum indicum extract and fractions

Sample Polyp'henol' Flavonoi(?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.

2. DPPH % ABTS z2iC|Zt &7 &4

Kim(Kim JH & Kim MK 2003)°l] 2]&hH Az}go]se
24 eff ol AAE Foste] AF T A AkEE <
AtAY, A oA &4 gzl o =sl5 AA|
4 g e 895 gulgith =9 7 25 2 B EY
DPPH % ABTS radical 2A84 S 43191, 21 23+
Table 29} 2T} DPPH radical 22484 2] 7%, EA fraction
o] 20 pgmLe] FEZolA 93.84%2] AATS Heo|w, DM
fractionS 20 pg/mLolA] 42.10%, 70% EtOH®] 100 pg/mLol
29 40.04%, H,O fraction®] 20 pg/mL 37.21%% YERGTE
= EA fractiond|A] 7P =& AASS HoAF1 9on
ABTS radical 224 &4d2] 749 = EA fraction®] 20 pg/mL2]
B0l A] 93.84% DM fraction©] 20 pg/mLe] EEo|A] 34.80
%, 70% EtOH®©] 100 pg/mLe] FXol A 40.04%, H,O fraction
o] 20 pg/mLe] F=oA 37.21%% YERSTE DPPHS} ABTS
radical 24 &% 5 EA fractiono|A] 7P %50 A Y
$ith. Ahn MS 5(2007)°] A7ellA & Z8j8ls = 2
fr B A 0] =2 ARl vt Hastlon,

3 Lee GD 5(1997)2] SN = E2|omn A5 2t

o

ol

B

o];ﬁi.

A - A S - A4S oldnl HolAoF AEFEEEES
Z oAl tig ABdS Easkal 91, o] Anag-
nnostopoulou MA 5(2006)2] 9145 &3l DPPH 24 &
ARl Ay B0 o3 Fusee Aweke Q7
Azl U3 BHe] Qlvfn B, B Ao dye & Z
g ol Bl Fejus, At v AAGEY A3t F
dairt.

3. Superoxide Radical 2&~71=

=sheh Aol 9l Fo] shuE A g2 AAlste
2480 2= AT 2-8(DPPH, ABTS), Superoxide dismu-
tase(SOD) FAF&4] Bo] Uth Valko M 5(2007)°l 2l&hd
A2 A gz s Fofste] 2tsks o
Alshe A2 wotal, SODe YA WellA A= Mz} g
Aoz yaAdo] & ZIAEE ZolLy|E A E AF
2R ABANAFE Zor dEA k. O 755 3 9=
< " &4 WEQ NADH/PMSE 2% Superoxide radi-
cal 2% =38k, L A3} CI 70% EtOHS| =¥ (4
ug/mL, 20 pg/mL, 100 pg/mL)e] &AEF L F& &=
el o, o]= tlZ7<l ascorbic acid(20 pg/mL)E T 25
feld o2 el thFig. 1). £+8E —4 739, EA fraction®] 20
ng/mLe] FEol A 93.84%2] &AFTE EH 2™, DM fraction
o] 20 pug/mL FZoNA 42.10%, H,0 fractlono] 20 pg/mL2]
FEolA 37.21%2 YERITHFig. 2). EA fraction2] 73-%, U
2791 ascorbic acid(20 pg/mL)=th 2u) o]} AASA S 1
ol Ao Rld) o] Aite AR %821 DPPH
U ABTS9} 22 A3} b8 HojFo] SOD AAZA S 4%
A #Hsd 24 2§ kst Agelgan = 5 ok

4. o-Glucosidase X3l &4

Aol] 27g=]o] A ol EAlet=
g9as gga Baleks g dtiLee BH S 2012).
1282 g-glucosidase EAE Ao 2H G E A3}
AlA G TS 7S 4= JTHKim SS 5 2009). o] 9} 7o
FaAAEE S gRlshr] el Cl 282 = aglu-

a-Glucosidase =

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

Measurement Ascorbic acid 70% EtOH DM? fraction EAY fraction H,0" fraction
DPPH radical scavenging ability 30.14+0.24Y 40.04+1.24" 42.10+1.52° 93.84+1.14™ 37.21+0.63"
ABTS radical scavenging ability 28.94+0.62 22.3840.96 22.26+2.34 93.38+1.44™ 18.89+0.83
D All values are mean£S.D. of triplicate analyses, = p<0.05, * p<0.01 vs Control.

2 Control=Ascorbic acid (20 pg/mL).
' 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).
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Fig. 2. Superoxide radical scavenging activity of Chrysan-

themum indicum fractions.

D All values are meantS.D. of triplicate analyses, ™~ p<0.01 vs
Control (Ascorbic acid).

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

 DM=Dichloromethane.

9 EA=Ethyl acetate.

% H,0=Water layer.

cosidase A A &S FRISHATE a-Glucosidase 273 A3
FIE =243 23} EA fractionS 559(0.8 pg/mL, 4 pg/
mL, 20 pg/mL)2 A0S Wl 22 9.27%, 17.71%, 30.29
%% a-glucosidasee] & A3 a5 B om, =T acar-
bose(50 pg/mL)E 50.12%2] A &5 YERN A thFig. 3). 9
Ag o] Aifol|A] tZ2T acarbose= a-glucosidase A3l #| =
273 e] Adutoll A T {5 B35k a-glucosidase S A

= (Chrysanthemum indicum L.) FE%

I} B8 E9] 33 W o-Glucosidase2} PTPIB A3l &4 239

130

100+

80

L

] = T = |--—| : -
Aca” DM~ A" H,O

a-glucosidase inhibition (%o of control)

CI fractions
— 08 pgmL == 4 ;g/ml. =R )() ;o/mL
Fig. 3. a-Glucosidase inhibition of Chrysanthemum indi-
cum fractions.
D All Values are mean+S.D. of triplicate analyses.
? ACA=Acarbose (50 pg/mL).
3 DM=Dichloromethane.
9 EA=Ethyl acetate.
> H,0=Water layer.

o zM ghrshEe] 43kgTE Aoy A g
SHSFE o2 HuEom(Martin AE & Montgomery
PA 1996), EA fration®] acarbose} H|S:3F A2tE Heloz
A a-glucosidase &4 A Z-&o] vk &1 4 gt

5. Protein Tyrosine Phosphatase 1B(PTP1B) X{sli2A

Ql&dlo] 1 =89} Z3sIH IRS-1(Insulin receptor sub-
strate-PI3K(Phosphoinositide 3-kinase) 4 25 53l & thAl<}
22 FA s At ol QlEdH ded F&
Ao] gL walsts &47) PTPIBo™, PTPIBS] &43}
£ Ak dede] FEE s HER g &)
= golgd 4= UTHElchebly M 5 1999). PTPIB 4] A3 &
ZHE =33 A3 2T ursoric acid(2 pg/mL)el Bl DM
fractionS 0.8 pg/mL, 4 pg/mL, 20 pg/mLE A2] A] 212} 42.55
%, 52.66%, 92.45%, EA fraction2 Z}Z} 84.1%, 90.78%, 99.24
%= BAH R FolaiA PTPIBY] &4 Aslaxs Bk
(Fig. 4). $¥A] a-glucosidase AE A3}, EA fractionoll Al A
G5 gRlste] dAA| s} vwt A=A 2 4elx]l PTPIB
AA oo RIStk Cl £8&2] PTPIB 94| &5 &
Q18 A3}, a-glucosidase A A2} o] EA fractionol] A <
A Z5ol =4 YElsdt) o]& EA fraction £l a-glucosidase
¢} PTPIBE Alst= thge] &4 FEE0] %S YE

e Aor F=8 5 9lon, Cl EFE0| a-glucosidase <
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Fig. 4. Protein tyrosine phosphatase 1B inhibition of Chry-
santhemum indicum fractions.
Y Values are meantS.D. of triplicate analyses,
trol (Ursolic acid).
? UA=Ursolic acid(2 pg/mL).
 DM=Dichloromethane.
9 EA=Ethyl acetate.
9 H,0=Water layer.

™ p<0.01 vs Con-

A g o 2 M }.@_oﬂ& #oddta, PTPIB GAIE S&f <
&Y AoAdo s Foqgozy JPgn §55 HAAFE=
Aoz Rl AT

£ ATolXe Il &l Chrysanthemum indicum
L.(CD2] 70% EtOH F&% %Q E-(dichloromethane, ethyl
acetate & H,0)9] Z2)¥= &, ZelH ot g, 3hiks)
44 2 e Aokttt d4kst €4 2 2= DPPH,
ABTS % superoxide 227 295 SRt x, AEA 3
7} a-glucosidase®} PTPIB A3 &44& =333t 2 4
3}, CI 70% EtOH i%%oﬂ/ﬂ oy FetE ol =9
share ﬁal 30.20 mg % 31.58 mg¢l Ao & Felx ) o
? B8E T EA T8 E0] Z2]9%(87.87 mg)d ZEE
o] =(65.12 mg)2] ko] 7 =34tk EA E‘ﬁ%ﬂ DPPH,
ABTS % SOD 4752 27} 93.84%, 93.38% 2 84.68%2]
AAE YePITE EA £ ELS 70% EtOH 55 2 U2 £
g3} vlwste] 71 w2 kst @42 Aok T3 EA &
520 pug/mL)2] a-glucosidase & PTPIB A ZAi}= t}E
Azl vl ZHzt 30.29% 2 99.24%2] 7HE E& dAE U
et B A 23S FE A=l EA E8E0] 70%

ﬂ°“ NE g

A= CI«I 24
o]- 5;].%1—3 =] 7}.

A= SHLINC) $/3 Ak
& AT e e ﬂxﬂ”«l Aol gfair] o] 5
]
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