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ABSTRACT

Background: Invasion of these invasive plants in the ecosystem threatens the habitat of endemic species, reduces biodiversity, and
causes a disturbance in the ecological system. Hypochaeris radicata L. (Asteraceae), the most invasive plant in Korea, particularly
in Jeju Island, invades farmlands, and autochthonous forests, resulting in the establishment of monocultures and modification of the
ecosystem structure.

Methods and Results: In this study was, we evaluated the biological activity of 70% ethanolic extracts from different parts of
Hypochaeris radicata L. The biological activities of 70% ethanolic extracts of different parts, such as flower, leaf, stem, and root, of
H. radicata were investigated. The total polyphenol content was highest in flower extracts (50.82 + 3.16 mg - GAE/g). In addition,
the highest flavonoid content was observed in flower extract (15.19 + 2.03 mg - QE/g). The flower extract of H. radicata exhibited
stronger DPPH radical-scavenging activities, ABTS radical scavenging activities, and reducing power than the other parts. The
flower extract of H. radicata was observed to have the highest tyrosinase and a-glucosidase inhibitory activities.

Conclusions: The flower extracts of H. radicata exhibited remarkable antioxidant activity as well as tyrosinase and a-glucosidase
inhibitory effects. These activities might be related to the phenolic compounds present in the H. radicata flower extract.
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k= ol 2 s EA R Pe BN = B A B e
EolH, HlEd s=5d a5 S AR Qo Mz 2 ukH
A T8% gL Ik dEiA . olHF HeEA sk
£ HEs0] REH X gk o] 93 Ed=® Yikeke 2 1. M=
2} QARIEEZH ikl 9= gk &4 S 7otk NEFEZR (Hypochaeris radicata L)) 7+ F-9] (&, ¥,
gk AY 71sAE /TR dEA Ak Rahman er al, ¥, E71)3E 20169 597 AFdshw AL S S 23
2006). el A AQst. oSS ARslel AAR F o

Az}t 2AEolgt A= 7F thd Aol o), o=
Hlej=aog defo] AEAoA Hoju}p thE A Ao o]¢]
ozl AEg AR FFE AR A EejEA] o
3L BEFfete] golrte S AEES AATTH (Park, 1994).

NEFEX (Hypochaeris radicata L= Q9XHA7F FH2
=35l AER VIS F27]E &P, 1980t A5
HIESE o] S0l ¥ 54 Foll Hx Aepr] g
s A ok MYEERE A4 54 Y] aie
off v 2o WA o2 W] wiie] DAE|A A A5
e o AE] ASSEE AsistA drt 53] #4H 7t
Soll X 1 HAF A 19 Al 7] FAE WeozH
o9 wW2A M= 9k oljgt AfE AdFExRE 7t
Algh, o719, vl=sAo], SrAH e} Al A we
oA ER 20099 69 19 A, AEL dot. 53] AF
AL AADFEAZ EH w77t s AskelEoe]
A F7¥el JoH, AFE ZARIA A ES 19143
25 %, 1993 45 %, 19983 188 &, 2005 199 Fo=
A oy & FAHolth (Jung, 2014). 3] AYFFEZ (
NNEH), AIRER, =anle], HiAE, SA52E, WA
T ASRIE 41 To] IAFRZNE SEER AH=HE
A 20.6%5 2ASIAL Atk ARNEELS AlF=tA gt}
o 8 =2, A E HES] S 24 Soll FApE
o= Az AM2lstar k. Ak Ao} skt
T deog SkePHA AFESAES AX|AL A -9
= Halke 5 9938 nA3 AUt (Yang and Kim, 2002).

olelgh A wHAA =R MYFaEx9] o84S FT7HIYI
7] 9l&te] kst A7 A2 S0l AR Tk Mk
FEX FEES IUEA (Bohlmann and Bohlmann, 1980),
n| WA (Lee er al, 2005), FFTA Maruta et dal,
1995), G (Kim et al, 2014) 5°] otz LA 9
th A FFExe] el ol dist g FEE9] kst
grdo]l HuEolA 9o (Senguttuvan er al., 2014), /45
o] &7], o aBA ¥ FEOE o] Ae Ay B
o} A gt} wEr B ApeM s EREAIE 91s)
© AEA 28459 MYFEZR] T8 oS FXAA A
FaEx AA B &8l =go] 2 7x AFEN AYFE
Azste] FE2E2] ilst e AR
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3 ARNE o83t 50T 2=oA AZRA AL o]F 7t
& 7S ol8ste] EHtaL 0.5mm A E o]&3te] 4
UL o12A A3z AFE= TF 20 vl2] 70% eSS
7kt § Z535Z7] (Power sonic 520, Hwashin Technology
Co., Seoul, Korea)S AR&-3le] 90 4 3 3] whisle] F&

sz ol AR FFEES WSS (Hel-VAP

Precision, Heidolph Instruments GmbH and Co., KG
Schwabach, Germany)Z F5A17] Ty 54 Axste] Ado

AFEESITH

2. & phenold 2Bl= &2t A

MFaEx B8 FEEC] phenold 33E2 Folin-Denis
RS HYsle] 2430Yk (Singleton er al., 1999). ZF A)
5 FEE 2045 93 SFT 700 LS ST o] F
Folin-Ciocalteu A12F 100 1L S 2o 2 AJ7F ¥HSA|F]3L 20%

sodium carbonateZ 100 42 7} 1 AlZF F9t A8 &
o] i-Mark Microplate Reader (168-1135, Bio-Rad, Hercules,
CA, USA)Z AMgale] 750 oA &3 w2 243190t 5
9] F35= gallic acid®2 2MJ3H FFAH=A1E o]&ato

GAE (gallic acid equivalent)2 YER T},

3. = flavonoid &2k A
MdFEx B9 FEE9 flavonoid T2 2Fo]okE
b ol AEFA AAE WA WHIsl] =AUt

(Kim et al., 2012). Z} A& FZE 1004 S 23 EOHE

300 7FSF ¥ 10% aluminum nitrate 20 20 9} 1M
potassium acetate 20 /4 & EFSIL FFHTE 560 1L 718k
1 A7+ &< WESAIZIT). o] Microplate Readers: ARE-3)q
417 oY SF=E Y3 FEE9 S99+ quercetin

=

0|83} QE (quercetin equivalent)@ YERNATE.

4. DPPH radical 2Hs &4

Radical 2A8d 4L MGk FE2 EAls= 1,1-
diphenyl-2-picrylhydrazyl (DPPH)S A}&-3lo] Blois (1958)2]
Wyslo] SAsI 298 F5E2] DPPH &4 A

Readers AM-31] 45 490 nno|A S48t} ALt
<2 DPPH radical scavenging activity(%) = [1-(absorbance of
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the sample-absorbance of the blank) / absorbance of the

control] x 100 & YERJAT}

5. ABTS radical 2Hs &3

Kim 5 (2016)°] %S WFsle] ABTS radical 427
79319tk 7mM ABTS [2.2-azino-bis(3-ethylbenzo-thiazoline-
6-sulphonicacid)]} 2.45mM potassium persulfateS &35}
24 AIZF BAE = AF Ao 750mm oA FEETF
0.70 £ 0.027} H =5 S/HTE 3)Alste] ARE-eliTt. 3-8
160 /£ 0l 3143 sample 40 1 & 78t 5 27F WHA|7|AL
Microplate Readers ARS8t F4=5 78313t

-0
o=

MFFEZE FIE FEE] 92 Fe¥' o]200A Fe*'
o]0 Zhlete TS HAH o8 SASHATH (Hyun
et al, 2014). 1% potassium ferricyanide 500 /£ <} 02 M
sodium phosphate buffer (pH 6.6) 500 4 & E33 H
25 - 200 pg/md 9 FE2ES 78] 50ColA \E
S5t 20 ¥ 5 10% trichloroacetic acid 2.5 mé o Ht
&< BABIA. ol AF5E 500 4 HEHAL FHT 500 4
tale] 3|4t 314g A5 0.1% ferric chlorideE
100 /20 7}3kaL UV-spectrometer (UV-1800, Shimadzu, Kyoto,

=

=t o
S

Japan)Z 700 nm S|4 S35 SA AT

7. Tyrosinase Aol&red A

Tyrosinase A& &2 tyrosines 71FZ AME-3HS
tyrosinase®l| €]3l14 A/d%E dopachrome®] Y-S v <3|
=43kt (Yoon et al, 2009). 1 mM L-tyrosine, 50 mM
potassium phosphate buffer (pH 6.5)2} SFFE 10:10:9
HE2 Z3E B 170 ol F-9E FEE 10 4 9} 1
KU/m{ tyrosinase from mushroom 20 /42 7}&kaL 37ColA
15 £7F vH-&-A1Z1 3 Microplate ReaderS A3} 490 nmo]|
A FREE S8 FE=2 =8 (0.1-3.0mg/mb)= A
A& A OF 50% AsNEA F=<2  inhibitory
concentration 50 (ICs0)& 3l tyrosinase A& 7}

sk,

8. a-Glucosidase Aoll&¥d =A

o-Glucosidase®l] g+ A& FH37] {8l p-
nitrophenyl a-D-glucopyranoside (pNPG)E ©]-&-3t] =43}
ATh (Kim and Kim, 2016). Z} 98 FZ5 20 L ol
20mM potassium phosphate buffer (pH 6.8) 120 10 <}
0.5 U/l a-glucosidase 50 (5 75t 37CoA 10 & &<
W3t} o] 2mM pNPG 10 (LS 718ke] 37CelA 30

7 wrSAIZT £ 100mM sodium carbonate
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gt E[2LI001= Molf H o-=2FZAICIOR| Malfgkd

100 (£ & go] HR3-2 FAA7]AL

& ARE3I] 405 oA FEEE st FE2E9 =
(0.25 - 1.00 mg/md)= A& 7 o2 50% A3 =
=5 31 o-glucosidase A131EAS H715k T

UV-spectrometer
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9. SHIEM

2 Q7o) A9 A% B + EFHAR vepiglon, 7
A9 FA A= SPSS (Statistical Package for the
Social Sciences, ver. 18.0, SPSS Inc., Chicago, IL, USA)
g AHgsle] BARAE Askgon fol4 Rolrt e 3
ol tiallA= Tukey®] ThsH<917%4 (Tukey Multiple Range
Test, TMRT)S ol83] EASH $48 2AaT)
(p <0.05).

o)l
AT

al
=

2t

Aot 2

1. & H=d a2 U flavonoid et
Z)vzolgt g B ol 27)] ode] e I=s4 1
52 e WIS JFEECY caffeic acid?} 22

phenolic acid ¥ kaempferol ¥ cathechin?} 722 flavonoid
ALe] SF=EE L7 7Fesith ol EEled EEES
akst, A B e & T e oekek el @48 v
AW, 2&9 2 2t rREEZE g#A ATt (Manach et al,
2004).

EFFEZ (Hypochaeris radicata L) F-9H FEE2
glE 2 flavonoid ¥4A%, Edls FHFS flowerol
A 7P =kom flower (50.82+3.16 mg)>stem (30.54 +
32.54mg)>root (24.27+0.77 mg)>leaf (22.12+0.65 mg)2]
0]}, Flavonoid®] 7-$- total phenold SHgl=3 HISSHA|
flowerol Al 7F4 =92 ™ flower (15.19+2.03 mg) > stem
(10.41 £ 040 mg) > leaf (9.31+0.72 mg) > root (4.39% 0.20 mg)
o] 21T} (Table 1).

Senguttuvan 5 (2014)°1] 2J5tH MYFEX A 2

=

=

e 3
Table 1. Total phenol and flavonoid contents of 70% ethanol

extracts from Hypocahaeris radicata flower, leaf, stem
and root.

Extracts  Total phenol (mg + GAE/g)" Total flavonoid (mg + QE/g)”

Flower 50.82 = 3.16* 15.19 = 2.03°
Leaf 22.12 + 0.65° 9.31 + 0.72°
Root 2427 = 0.77¢ 4.39 + 0.20°
Stem 30.54 + 2.54° 10.41 + 0.40

Ymg - GAE/g; mg - gallic acid equivalent per sample 1 g. “mg - QE/g;
mg - quercetin equivalent per sample 1 g. Mean values = SD from
triplicate separated experiments are shown. *Means with different
letters (a - ©) in the same column are significantly different at TMRT
(p < 0.05).
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Fig. 1. DPPH radical scavenging activity of 70% Fig. 2. ABTS radical scavenging activity of 70%
ethanol extracts from Hypochaeris radicata ethanol extracts from Hypochaeris radicata
flower, leaf, stem and root. *Means with flower, leaf, stem and root. *Means with
different letters (a-d) in the same column are different letters (a - d) in the same column are
significantly different at TMRT (p < 0.05). significantly different at TMRT (p < 0.05).

o] ksl G Ao B Aol o FE W WY BE eaf, root, stalk FEE TOZ A4Sl BB o=
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d T
st Bye

B 3259 gt > vy sgEe S felEd
HAE 7L AEefQ1Th (Kaur and Kapoor, 2002).

2. DPPH radical 2Hs

DPPH radical> 4} Yol A7 753 slgtE=
B4 7= EEEREH AAE dEitol radical©l
HZE olgslo] Aitsl B AAl FoiTH
olth. MYEEx 7

L
R

Ko
=

= =
T Fex 9 FZ5E2] DPPH
RE FEEA T o&Foz 4LASA
1). Flower &% 7% DPPH
radical 22AEA0] 7HE E9koH TRl BHTS AR &
A4S YERSH flower > stem > root > leaf?] A2 A
A o] FHaskiTh
Senguttuvan 5 (2014)°] &3P MUFEZ o 2 ¥g] F
o] B FEEC] FAlst @A ATl FEE FolA
flavonoid®] o] =2 FEEYTE & A+ HAFH

ol

3T

DPPH radical &74%5°] 5718+ YeERiSITH E3F Chon 5

(2012)2 MSIEY F-9E FE2E9 kst &4 Al 9
3PA total polyphenol & flavonoide] T2 flower FE5
o] 71 =}O leaf, root, stalk FE=E £O2 AL

™ DPPH radical 227% %3t flower F25°| 7P HomH
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ZZ259) HE 22 DPPH radical 2453 A03A71 9
Xl Ax|5hH 21549 dhrtspdo] Fo
A= Aot

-

3. ABTS radical 2 Hs

FgE ABTSSF FibslEste] whg-o2 AdE ABTS' 2
Uzl gilkslEo] AR HAE AlFsted ABTS' 2
s SAANT = 588 s ZE 9

N EE cdEdew a5l Fvleli,

e
FZE

=

o iz

Yeli 1™ DPPH radical 275 #
flower > stem >root> leaf =22 7FASIITE (Fig. 2). ol
Maisuthisakul 5 (2007)¢] A+ A& FEE9 Ty
radical 22750l thellA Ak Aol et niel Zlo]
FE79 radical 275 FEE ¥ polyphenol &
WA AAE 7HAH, S Rice-Evans 5 (1996)°] A+
3t phenolic aicd®] radical 275 SHANME HleA
=24 282 radicald] 497 B AAE wEA A2

3t radicale SHFE3} AZItky sllon B ApoMx Zg

b

o

Hz g SThEeol=o] o] =2 flower FE=2 27T
o] 7HY =25 & T AUUTH
4. 2y

e dnxom st 48 TR B AR A
2 598 SA5 sl 58S Hrlele o R st
4L 7IKE BZH0] ferricyanide E£3&2] 371 S 7 A
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Fig. 3. Reducing power of 70% ethanol extracts from
Hypochaeris radicata flower, leaf, stem and
root. *Means with different letters (a - d) in the
same column are significantly different at TMRT
(p < 0.05).

Z A3 F mF3AoA =
= 4 ﬂ%

=7t #7}61011 upt 3
%l‘o] %‘7}5’}99\‘4. AAH o2 BHTY| Hlsl] v
A3 YGAT MFFER B F2E T ﬂowe FEE0|
7 =& 3Ee YEMT flower FEE, stem FEE,
root F=E, leaf & o AATAsH AR 4S5

ERAATH (Fig. 3).

5. Tyrosinase A{oi&Hd

Melanine A W 27321 2]HL&olA] tyrosinase?] A&+
gellA =7 A2t Tyrosinase= 34 Aol &)
= tyrosineS AFSIAIFA] melanine A 7H 24 D429l
IES = gaho|H, o3t tyrosinase B2 Asste] H
Zd Ao I52A] &S 3= dopaquinone®] A S
FaAA depd PSS AN ZH] T)7 wulg 754
SHAE A8 s gplo® AAE Y Tt (Prota, 1993).

ANgaeEx 7 FZ2EY tyrosinase A& F4ts)
A4 “'64,3 2 total phenol 2 flavonoid % A H
flower FZEollA 7W & Al B4 (691.00+79.53 g/ml)
S e H stem FEE (2,099 90i219 80 zg/md), root
FE2E (2,964.40£219.20 pg/ml), leaf FEE (> 3,000 pg/ml)
_,4_& ﬂ—/ﬂo] 71-/\ ]_ 1;], (Table 2).

Lee 5 (2005)2 MYFEX AdH-e] vF
gk AFollA] tyrosinase AN ERA] kot wR @
bAoA depd S oAste] wpiEdS 7RItk

Busilen, =3 Avsd FEE % EFEo] Ui

n] =L} %—/H o]] ]:H

SLIAICIOR Xoher

Table 2. Tyrosinase inhibitory activity of 70% ethanol extracts
from Hypocahaeris radicata flower, leaf, stem and root.

Extracts ICso" (12g/ml)
Flower 691.10+79.53%*
Leaf > 3,000¢
Root 2,964.40 = 219.20°
Stem 2,099.90 + 219.80°
Arbutin 245.67 + 3.38°

YICsp; concentration required to reduce 50% of tyrosinase. Mean
values = SD from triplicate separated experiments are shown.
*Means with different letters (a-d) in the same column are
significantly different at TMRT (p < 0.05).

Table 3. a-Clucosidase inhibitory activity of 70% ethanol extracts
from Hypocahaeris radicata flower, leaf, stem and root.

Extracts ICso" (12g/ml)
Flower 756.33 = 5.68"*
Leaf > 1,000¢
Root > 1,000¢
Stem > 1,000°¢
Acarbose 509.39 = 22.27°

YICsp; concentration required to reduce 50% of a-glucosidase
(1g/mf). Mean values + SD from triplicate separated experiments are
shown. *Means with different letters (a - ) in the same column are
significantly different at TMRT (p < 0.05).

A"l E B3¢ '°r°ﬂ‘— z1~5H ;LHo] = S ek

9ot (Im and Lee, 2011). ©]#{3t A¥+= Gulua 5 (2002)
o] B3l upe} Zro| zF A1Ee] Ao =ZE F=3EHE A
9| tyrosinase 71&Q! tyrosine’} TERHOZE FAFSI] G4
e At A3E FAE

6. Glucosidase Xloll &4

T et Y] 18 ded HojEY
2 v g gl A4 AA 3 2] 90% F=7H Al
2% el sfgeitial 2ARE]SL Qlvh (Saudek and Eder,
1979). 28 T=re] X8& T2 =g 0|83 %‘%% s
A7 dAeHAlE ARSI AolE Fate] SE B
stes 99RE Sl FEE e i?l o-
glucosidase= A= % 1?4_ ek ﬁ% TAE oA oA
O]'Oq, A% O] d5S whgoloh, et A A

291 acarbose®} voglibose ﬁ«] a-glucosidase A3NAE 7]
7P 58 A #2482 vehd 5 8lo] (Hanefeld, 1998),
A 2E AdoA] M= dF kAl o] dagh A
Aoltt. MgaEx 79 FEE9 a-glucosidase S
S A% A= Table 33 Zth

29 B




03Ha - e

7} FEE9 ICs #e =93 23 a-glu0031dase A A
2 flower F=5 (756.33 +5.68 g/ml)e] 7% Ad = W
ellA Azl 45 Jepglen tiZ7<21 acarbose (ICs
=509.39+2227 pg/ml)ell vlsl 25 ¥ &S Yeh)Sith
= A E FE2EE9) a—amylase 2 g-glucosidase I3
& AN WEGS HEES] HFol= a-amylase
gluc051dase sl &7dol 10 mg/me Oﬂ’*ﬂ 20% olate] =i &g
7]—741:}4_ RSO (Kim ef al., 2011), 22 WEHSE

Q1 MFEERY 7 oliY =55 gRlskinh
HE:] 7‘1%‘4 Agaﬂ—/\‘] KR H]J_L‘o‘]- @_,,]_ ?5]—/‘\}
$s] AAI$ DPPH radical &A%
2y Sl flower ‘I‘EEO]
, 53 ] DPPH radical 2~
/35 LRSI ol=gt
o] 31E& polyphenol =
o= -’&LQOV]E]' g v g3 g P

#3l =743 tyrosinase 2 glucosidase #]

=4 A7} flower FEE0] 48 F= ‘?-ﬂ-?]c’ﬂ’ﬂ Al
]’E]r‘ﬂoq O} mpEl il ® ARS-E|OJA]= arbutin B A
] SAZ AREARAL = acarbose Hoe= e 84S
e o] Tl 215 FEE 519121 phenolic 43
9 flavonoid 452 tyrosinase 2 glucosidases H]F-gk
okt 8458 Asigtie drAHe vse A9E U
Tt (Orhan and Khan, 2014; Vinayagam and Xu,
2015). ol=igt A= nfo 2 AuAlwTAES] MdEEx

)

= o~

N 9

=

=

£ G835 HA 7154 AlaA iR &8 TR =2 AL
2 AZEr).
ARl 2
2 At 20169% st 2016d % S A
TEEF AL )e] A eJE o] Rl Az olef 7
APEg UL
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