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Abstract

Oxidative stress can directly damage lipids, proteins, and DNA, which promotes the progression from steatosis
to nonalcoholic fatty liver disease. This study aimed to determine the antioxidative effects of Campanula
takesimana Nakai, llex integra THUNB., Indigofera pseudotinctoria Matsum., Rubus takesimensis Nakai, and
Tuga sieboldii from Ulleung Island and their ability to inhibit lipid accumulation in HepG2 cells. The total
phenolics (TPC) and flavonoid (TFC) contents of extracts of the five plants were determined, and their
antioxidative activities were analyzed using DPPH and ABTS radical scavenging ability, Fe** reducing capacity
(FRAP), oxygen radical absorbance capacity (ORAC), and thiobarbituric acid assays. Lipid accumulation was
evaluated by Oil Red O staining and intracellular triglyceride (TG) assays. Rubus takesimensis Nakai had
the highest TPC among the five plants. The antioxidant activity of R. Nakai was DPPH (ICs5,=0.30 mg/mL),
ABTS (IC5=0.33 mg/mL), FRAP (318.61 pmol FeSQ,/g), and ORAC (1.74 pmol TE/g). The lipid peroxidation
inhibitory effect of R. Nakai was reduced to 52.51% at 1 mg/mL. Incubating HepG2 cells with extracts of
the five plants reduced lipid and TG accumulation by >50%, and inhibited lipid peroxidation by ~19%. These
results provided evidence for the development of functional foods based on these five plants from Ulleung
Island, due to their antioxidant activities and ability to reduce lipid accumulation.
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=5 80%7F SHIRFC R o]FofA Qlal, 20 YA
gz =g 715 20] THHE WET 27 et s
AlEOA 34E A1E0] o]27171A] 7009 F 01*}91 A1E0]
AAlslal 9okl B EQItHYang 5, 2015). €5 A&
FFZIQ! Holut 7] 22Q1 oA F84d0] ?lé]ﬂx] o) deA

U, =9 &5 59 T i A8 ol AR
TFRlEHA JE AdFHEe] 716kl 9o, HARE H]
23} tJofst A120] gjAls], dQF U SRAFAIT} 2L Ajalsh
A 715730l gk 04—7% THilo] S7F=]1L Qltk(Kang -5,
2010; Kim 5, 2013). 25TAH ”% = Aufjsly o= wo
AtEo] T FAO A7 §lem, e =9 Y 743
o] =& A% 528 AAGIIL}. /Uoloﬂ Apg3l 2Lt 5%
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A&, HAz2EZ(Campanula takesimana Nakai) B (llex
integra Thunb.), do}Z(Indigofera pseudotinctoria Matsum.),
AUEE7)(Rubus  takesimensis Nakai) 2 &SUS(Thuga
sieboldii)y= E2|HlE Ado] Hezlou, A= 715/l
et A77F A9 o FJR|A] RHTH(Chan -5, 2011; Herrick
T} Perry, 1997; Yang®} Park, 2006). £5] Azx522 FA
Ho] -golafo] o] Au|HETt HIgom, iRl o}
Z FA] AueraRl A+te} FAlof flavonoid “g-o] AHAIS]
BIEtHCho 5, 2007; Kwon 5, 2000; Park 5, 2019).

ROS(reactive oxygen species; S/JAAZ)L oL A] A}
of] AFAE olshe e AHANA BHEE FANER, &
B Al Aol B0l AkAo] 2-3%= 5] ALSISIA] B}
1 84 AA7) =k (Shimokawa, 2020). ROSS] AL
Al 29 T ol Y= PIA ARt AEYAS Y
T & qlom, ol AETEst iy, IS, HES A
Est 9 A2 3} 5 7S A fHRltHAlfaddad} Sallam,
2012). W=FA] superoxide anion radical(-O,), hydroxyl radical
(‘OH), singlet oxygen('0,) ¥ hydrogen peroxide (H,0,) 5
¥ 22 §kE/do] v & B4 Abdx(active oxygen)2] A7
of Tt Thilo] EoMA|AL k. LEF A AAIZ o= AR
wo] 2 3 PISA] G2 vl <o Al oA
ikt A2 A A 28 AR Hsfioh Hel/dol i =
go] Fstth= TAIFC] HilE QItk(Kahly} Kappus,
1993). wh2bA] vitamin E, tannin, anthocyanin, carotenoid¥,
flavonoid 5] A= 7]919] A FAikeHA|9] 7o) A4
5 27w glck

T, 71014 Qe ATo] AAHAY e 7 24
o o] Yol @2 1Hgo] Lo, of Ape] Tt
3= Yo A 4kl AEHAE F7HAZITH Cichoz} Michalak,
2017). AFs} AEHAL] gt J7H= 7F 22 WY HRSHE
9 07]u], DNA T, S 7] AP AMIF & EL 7|
4 FH 0= Qe F5 A tE doXItkJadaja 5, 2017).
TAENA A8e] ZHE PAIS AL FHL TN
Aold AEFAS §451a, MEOSAQl cytochrome P450
2E1(CYP2E1)°] 23] &4 AtAE A4ttt 1 2z A4
AR}, A A A9, vEEEE o} 75 Ast 5 T
et 7t 715 gollet Aehe Yo Itk(Spahis 5, 2017).
Aol w=d EPHlE 1 S ot S B
Ozt 7t B4 $=A]9] AL opet, A A £4
A, YT A 7rde) 22T o 9 ARl ©
o] B H} Qlth Abenavoli 5, 2017).

meEhA 2 Aok = S5 5A AE 559 ARTE 1
P, dokx, AuFE7] 2 E5Uol diste] E2HE
9 St o]t Jat 1o wE Rk}t S ZJolE A

a1

I~

Sk 213 HepG2 MEoIAS] A4 57 oA A3t o
A1G INISHE A o) BTRE AESHL, HAE AR
NF B8 A 7|2 ARE AFstAA ek

ERTRTT

2=z

Aol AREE 254 AE 5EQ AR SE, ABUE,
Yol APy @ &R E A7) 28 A%t AR
g IYsBozFe Hoploh AAGILh 2.2-azobis
(2-amidino-propane)dihydrochloride(AAPH), 1,1-diphenyl-2-
picryl-hydrazyl(DPPH), 2,2-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid(ABTS), potassium persulfate, sodium phosphate,
ferric chloride(FeCls), sodium acetate, 4,6-tripryridylstriazine,
ascorbic acid, dimethyl sulfoxide(DMSO) 2 3-(4,5-dime-
thylthiazol-2-y1)-2,5-dimethyltetrazolium bromide(MTT) &
1 9 RE AJ9F2 Sigma-Aldrich(Sigma-Aldrich, MO,
USA)ZRE] 14st3ct. Al Hiefo] Z 83t Dulbecco’s
modified eagle’s medium(DMEM) HjA] 9 fetal bovine
serum(FBS)-2 Welgene(Welgene, Daegu, Korea)olA 5}

SELA AE 552 AR 10 gF 10812Hw/v)SY] 70%0]
=8 AR 5t 33 SR &5k, FEAL ojnHA|
(Whatman, Middlesex, UK)Z o435}t of 7ty 502
50T $=2A0)|A] rotary vacuum evaporator(EYELA N-1000,
Riakikiai Co., Ltd., Tokyo, Japan)Z -&1j& AAs}3L, 79,
ST T 54 AXS] 25 e Al dRH Al
ge 32 S70 200 mgmLE =9 70T AsAT
7} 33 2558 o}8ale] Ao 44 =2 S|Hale] A
8350t

h

FELHE ¥ SECUELO0|E F

SET vl A Folin-Denis 112 ¥F5t0] 74513
THAinsworth¥} Gillespie, 2007). 0.2 mg/mL 5%9] 55
50 pLo] Folin-Ciocalteu’s phenol reagent 50 uLE 47135t
T 3 ARoA HEAIFE WA 2%  sodium
carbonate(Na,CO;) &4 150 pLE 7}oto] GAlofA] 2417
B9 WHA|gt & AR5 NS ELISA plate reader(Model 680,
Bio-Rad La-boratories, Inc., Tokyo, Japan)g ARE5}0] 760
oA SFE=E S5tk Gallic acid equivalent(GAE)
2 olgslo] FE: THS BT T o] F% THoZR
Aze] B ke 7ot
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FEeols YL Shi 50199 Wilel Tt 5=
H2 A ZSF 355 20 pLo]| diethylene glycol 200 puL2} 1
N NaOH 20 uLg &AHE H7tsto] 37CAA 1417 B2t
MG AT, WSS 420 olA] FHEE ZAe O,
naringin equivalent(NAE)E o|-&3lo] ¥&F 34 ZAJSH
T of g THoRNE AlRo| FEehulols FFS 7

st

DPPH radical £7{5 &4

234 A4E9] DPPH radical 245 &7%-2 Olszowy2}
Dawidoxicz(2018)9] WHES &85t 72 258 5
(0.0625, 0.125, 0.25, 0.5, 1.0 ¥ 2.0 mg/mL)E AH|Z3+ A
50 pLo] 0.3 mM DPPH 150 uLZ 7}3}, vortex mixing
T A2 3022t BEGAIZ] F 517 nmoJl A =S 4
59Tt YN RFLO R L-ascorbic acidS ARRSISICH A&
A7} 7S] 2 Hasto] free radical A
Z27gstelom, Alm FH7EY] 32 50% ARAT = =

E9] ICso(mg/mL) FEo= VFEpTt.

ABTS radical 2715 &4

ABTS radical 274% =42 Olszowy?} Dawidoxicz
(2018)9] WS WEgsto] 275tk 7.4 mM ABTSS} 2.6
mM potassium persulfateS E3}o}o] o]F-2 3Lof| 2447t 7
AA2 7, 012 734 oAl T Zho] 0.720.0027} Fe 2
phosphate buffered saline(PBS)°2 2 35]45t ABTS solution=
ARESIATE 0.0625, 0.125, 0.25, 0.5, 1.0 @ 2.0 mg/mL %
%ol A& 89 20 uLe} ABTS solution 180 LS Q40flA]
1087F ¥FSAIXL & 732 nmollA] S FEE S73510] 1Cs
(mg/mL) Zro2 Yeldom, FPZFOF ascorbic acid
£ Agstoict

FRAP assay

FRAPHC] oI5t ghikst 242 Benzie@} Strain®] HHEo|
w2} 0.3 mM sodium acetate buffer(pH 3.6), 40 mM HCIo]|
L35t 10 mM TPTZ(2,4,6-tripyridyl-s-triazine) &4 % 20
mM ferric chlorideE Z}2} 10:1:1(v/v/v)e] HIE&E 235
FRAP 7] 8910 2 AM23}9IT Vijalakshm} Ruckmani, 2016).
96-well plate©]] A|& 50 uLe} FRAP 7] 9B 150 pL 4o
Al 2027F ¥ESAIZ] £ 593 nmollA SFEE S
Ferrous sulfateE ¥+ 242 ofo] A2 HF JFAoZH
g Akl o, gt A== ascorbic acidE AR8-5f
At

ORAC assay
SETA AE 559 oxygen radical absorbance capacity

(ORAC) &7 Garrett 5(2010)2] W& $5to] AR&S)
ATk AlE, 5 899 B ORI RF A|EQ] ascorbic acid
25 uLe} 40 nM fluorescein 150 pLEs &5kl 37CoA 3
B2 wEE 2 1081 A F T o] £3F &0 150 mM
9] AAPH 25 uLE #7189t ¥ ¥ BT A|(Tecan Infinite
M200, San Jose, CA, USA)Z 9057t 35 71207 =X}
Aot g7 FTA 9] excitationS 485 nm, emission2 520
o= G Ao} GEe AR BT H772) area
under curve(AUC) FF UeErd &, HFEZQ trolox
equivalent(TE)E o]-&5to] E& A IAlof| thdsto] vt
Wik

TBA assay

S5TAN AE 259 A BHist 72 Dissanayake
51(2009)9] thiobarbituric acid(TBA) assayS ¥ s}o] A&
5}t ST R(0.0625, 0.125, 0.25, 0.5, © 1.0 mg/mL) A]
F9} 10 mM linolenic acidS &35F o] 37CoA 147k
4kg A ) ¥RSEo] 0.05 M H,0,9} 0.05 M FeSO, 7}
11 37CoNA 2417 B2 HESAIZL &, 0.4% TBAE 3471510
95T water batho|A] 1582 59t HFSA|Zth 1 & 15:1 H]&
9] n-butanol:pyridine &4 500 pLE 715kl 1,000 xg,
105 4] Be] 3 ASHS 532 nmof|A] TR 24519
ok A1 24k} AAle-2 thg A0 4REGY] O ascorbic
acids FAUNEL A== ARESIAH:

Lipid peroxidation inhibition (%) = (A - B) / A x 100
A AE7E B eEe SY
B: A2 W7hE whgEY BYE

HepG2 M= H{Y¥

QI7F 7¥} M|23 HepG2(Human hepatocellular carcinoma
cell line) M= A ET=23Yof|A EFol ARGSHIC.
™, 10% FBS, 1% Anti-biotic Anti-mycoticZ %315t DMEM
MRS ALgalo] 37C, 5% CO, 271014 MRSt Umal
Kim, 2016). A|3Z+= 2Qnfe} Al viefste] 27440 AxE
A,

MTT assay

L2 AR 530 AE Y EAE BRIsH] st
MTT assayS ©}-&3f HepG2 AlZZo]| gt Al PEeS =
51 th(Senthilraja’} Kathiresan, 2015). H{%A)Z] HepG2
AZE 1x10° cells/mL9] %2 96-well plateo] E55}11,
24X7F ¥iF Z, 7} wellol] A2 Z}2F 0.1, 0.2, 0.4 Z 0.8
mg/mLE H7151dek. 24417+ H2] F PBSo] %<1 MTT &
% 5 mymLE Z+ welloll 20 uLA A2 T, 447 B2
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37C, 5% CO, 2704 HiFSHRI. o]F 58 AASH
T, DMSOZ 100 uL® 7} wello]] H7}15to] AAE formazan
274 &gt &, 540 nmoA SFEE SF5HTE Alx
gEge 0e foz udsedt
Cell viability (%) = B / A x 100
A: Control9®] 4%

B: Az A7 A2 F3

Oil red O staining

HepG2 A3 oA A/dE & A& 4= Oil Red
O(ORO) HMHZ &5l S745IArHUm} Kim, 2016). HI%F
A1 HepG2 AlEZ 1x10° cells/mL2] &% & 6-well plateo]
B35k, 24A17F ik & ZF wello] 0.2 mg/mL Al 9
ascorbic?} 0.6 mM oleic acid(OA)S 23t & 24A]7F vljk
AlZTE 251 F=% HepG2 Al2E9] vifHS AJAst, PBS
2 23] AFESHE Al 1AL 98 2 welle]l 3.7%
formaldehyde 2 mLE Y1l 158 & formaldehydeS A|A3}
I, PBSZ 31 A3t ORO FARS Z749} 6:49]
HIEE 42 & (0.2 um filter2 oj7}5}0] ARSI ZF well
o] ORO -&HZ 500 pLA P37, 4204 30E7E FAgH &
PBSZ 3t A5t FAE Al W AR=Klipid drop)=
dugoz st I T ZF well G 1 mLo
2-propanol& go] GMekS 23 T 540 nmolA SFE
£ =739 01, ascorbic acidS YA ZF Lo = ARRFCH

Triglyceride assay

HepG2 A|ZoflA AdE 34 A =82 triglyceride-S
kit(Asan Pharm. Co., Ltd., Seoul, Korea)E ©]-85}o] =45}
k. HjAIZ] HepG2 AIZES 1x10° cellsymLe] L&
6-well plateo]] EF5111 24A17F vk &, ZF wello] 0.2
mg/mL Az} 0.6 mM OAS A3t & 24417 HjJAIZIT
23} F=H A= PBSE 33] AlAS}aL, scraperz 3l 3,
10,000 rpmOf|A] 527F YA ottt €4 28 & A5
MBS A A5}, pelleto] lysis buffer(Tris-EDTA buffer)S 3
7¥sto] 4T, 12,000 rpmof A 4 E2oHH. 343t S
o 80 uLoj] 120 pL9) enzyme buffer solutionS A7}5}]
SRRt T, 37ColA 2087 BESAIX] & 540 nmojlA] &
A E =A519ct FAANZITLOE ascorbic acidS AR5}
Rom THld 5= BCA HHol o8l 5t ith Walker,
1994).

Lipid peroxidation &%
255 530 A ISR A vlR]= JFE ERlst

7] #15to] Youn 5(2015)9] HHE ¥ sto] ARGSHILY. HY
9FAIZ] HepG2 AIEZ 1x10° cells/mLe] S & 6-well plate
of F5HaL 24417 i &, 7} wellof] 0.2 mg/mL A&, 1
mM H,0, ¥ 1 mM FeSO,& A 2]oto] 2443t §RSA|Z T
ABIAE ATF G AlZ= PBSE 33] Aok, 1 mL
PBSE A7I519] scraperZ 3|4 &, 500 pLe] 25% trichlo-
roacetic acid(TCA)2} 0.67% TBAS A7}slo] 95Co)A4 30
E7F 7185k 1 3 15:1 H]E9] n-butanol:pyrimidine
625 pLE F7kekar, E4E2(13,000 rpm, 5 min) A1 T,
AOIE Flojo] 532 nmolH FHES 2galent

s3]
BE 82 3] o ¥ AAEGIOT], B Y AT
A HdojZ RE =HX]&= SPSS program(ver. 19.0, SPSS Inc.,
Chicago, USA)& ©o|-83}lo] ANOVAE A5l Tukey’s
multiple range test2 Z+ 72| Ht zlolof| thgt ALS- A
SkloH, p<0.05 oA FoAF HAS IS

SSEM 40| 25 48, 2E2NE ¥ SE2EL0C
S

okl A 552 70% IR FESI 4Y 5=
T 52 X A= 2 8, TE e B SEEE
o= e ANt A= Table 10] UMM Zang 5
(2018)°] W=r &, ek B wehey} g2 {7718 E °l
83 32 Y 5, B2 8ot R gk E40] &
At ol ETHlE el Hiet & 280l ¥l =4
o] Yo} Az & Al 23 olg=9] ol S F= A
SRl HAE . E3E V1S d2xER B A¥UT 5

5} 34 9 Berio|= Yol ZH frha Hlsle] £
A= 70% S ©l&3FAHCho -5, 2007; Kim
5, 2018). 5 EAF 2159 70% OEhS FEE9] & &
< HAZRTEB2.6%), HUHFE7(24.6%), HZUHT(16.8%),
JOLR(14.8%), EHEUF(125%) ¢02 Uerdth 4282
o M e 33 $22 Ushlow, HxERe] 43
Campanula & % Campanula glomerata L3} Campanula
olympica Boiss. =9 & $&2 7+ 2.99 9 2.87%
2, & =9 7] S5TA AR 5 80 B &2
< SIS tH(Usta 5, 2014). TS Kim 5(2012)9] H10]
Har J2EE 0% o 2ET0] 22 82 352%
2B =59 HREE 10% e FEE & $80]
32.6%31 A3 N]TIl E o 2O 82 YL BRlekg]



Inhibitory effects of oxidative stress and lipid accumulation by Ulleung island plants 821

Table 1. Contents of total polyphenols and total flavonoids on five plants from Ulleung island

Extraction yield

Total polyphenols Total flavonoids

Samples (%) Samples (mg GAE/g) (mg NAE/g)
Campanula takesimana Nakai 32.45+2.96*) 56.99+0.76° 85.19+3.81°
llex integra Thunb. 16.93+1.84° 279.76+6.40° 270.70+6.33"
Indigofera pseudotinctoria Matsum. 15.00+0.50° 116.87+2.78¢ 139.29+5.18¢
Rubus takesimensis Nakai 24.48+2.73 296.55+10.24° 232.26+8.40°
Tsuga sieboldii 13.53+1.68° 172.77+£2.73° 168.11+2.22¢

DAIl values represent mean+SD (n=3). Values with different letters are significantly different by Tukey’s multiple range test (p<0.05).

o, 2.6% 2ole & G| Aol ME Aoz ket
AEAC] FHrElol e s REeS sk I,
Y A 59 vt ARRE 7l Aes HalE
hRice-Evans 5, 1997). % Zejuis e Auedy)
(296.55 mg GAFE/g>7&U5H279.76 mg GAE/g)>&5U+5
(172.77 mg GAE/g)>3dox(116.87 mg GAE/g>dzF%
(5699 mg GAE/g) %02 LERIT(Table 1). ALHE7]7}
&3 Rubus 32 ellagic acid, tormentic acid, euscaphic acid,

a
o
AR

miquelianin ¥ isoquercitrin 5 22 ZHlE LS o)
= 208 BuEglon, B =FoAk 7P w2 Edus
RS YEPATHKIm 5, 2014). 3L R fraxinifolius, R.
rosifolius X R. fruticosus® EHE §Hgo] Zkz+ 39.0,
80.62 X 7.84 mg GAE/gQ & UERT Ao Hlg]| & =79
AU, AU 2 E5UF ol 28 ol B =2 &
iz S gRlstalon, ojo wE =gt JAike} s
o] U Aoz HEgt

Eehniomt Bejsio] 4oit ABU4E, B
T} ORI WAEE BREOR AAste] s
o] ETT YA gom, Pujolels, FAE, WL AW
U= Aoz AEA Ut (Pietta, 2000). FE2HH 0| = AT
2 ZFERFEH270.70 mg NAE/g), AUFH7](232.26 mg
NAF/g), €5U45(168.11 mg NAF/g), 3°}%(139.29 mg
NAE/g) 3 HZ2FZ(85.19 mg NAE/g) o0& Uyt
(Table 1). 7]&9] A+l W= Jotxrt &3t Indigoferas:
2 quercetin, flavonol glycoside, kaempferol 52| Z2}R 1
ol HES XYM, E3| I nigritana L I macrocalyx=
96.3 mg/g, 92.3 mg/g?] ¥ St ol JlF} ofof w
£ =2 AR @47 A 2HibS} oA] Eido] HarE ]t
(Bakasso &, 2008; Rahman 5, 2018). & JGox&= 7|&
of W IndigoferaSHrt Fotxo| e} ot o]
o= GUsIAL, AFUE, AUrE7] € S5UEUH
oflzHT} ZFZF 1.94, 1.67 W 1.214] =& EgtH 0|t 3l=F
2 A4E RIS Tleh SEEA 42 550w B

roe

guls 9 St ol g TE =2 At 85 4
1A e} A B50] Uehd Ao R FEHH S5 5At
AE 5% 5 EulE T2 AUTE7), SRt iolE T
F2 AFUFAIA AY =4 dUehd=tl, ol Eduss
T/doke 48 5 Hl EdtHo]Eof &5k= ellagic acid,
hydroxy benzoic acid & hydroxycinnamic acid 53} 1 G-
A|Q1 stilbene, phenolic alcohol 5-2] thFst FgFo 2 l=fo
okt Xo]7h 918 Aoe wekErkKim 5, 2016)
SEEN AZo| B3 BY

DPPH, ABTS, FRAP 2 ORAC 442 o]83}o] 825
A2 5% BT TS ZHT AT Table 20] Le}
Wt DPPH= H|1W 2] QFYSE free radical2 Z8|8w @ &
g oo} 2 e JEEERE AL HAE v
of gheid wj HepMo] SAE]o|X|= U E o]-&siH, Hlw
A B2 A Ulol| st ST o olo] g2 ARE L
Q)= "o th(Dontha, 2016). DPPH 2}tjZt A7%59] ICs
H2 HRSE AFUE, ok, AuT T7] 2 E5UF
oA Z}z} 3.85, 0.62, 0.93, 0.30 2 0.46 mg/mLE AU
71904 7HY 2 HAEFe=S SISl &5 &Ar 5% F
ZEof vg FANZTR ascorbic acid9] ICspZk 0.07
mg/mLE =2 DPPH 2]zt 27452 HeIthTable 2). Kivi
9} Sartipnia 5{(2014)2 AUSE7| 7} £:3F Rubus %9] DPPH
g AT 21}, & FEE0A ICsEk 0.23-0.16 mg/mL,
HghE 5504 ICsfk 0.45-0.38 mg/mLE =2 FA4kS}
2Ao] HAEQlom Lee 5(2014)00 2ol Rubus F3E=
EolA FEYHE Tl =2 AEYsS DPPH HE
27 /o] =kt HarEQlt) & AoME F EYH
= ol 7HY 39 AURE7] 3559 DPPH 2tz
27 &Ao] 7H =2 A0 E UBRHCEE AT A
== ERIsHth

ABTS 7 AA52 potassium persulfate2}2] 1130
ol B/9E ABTS 71 Al o] gHAISE E4of Qs AlA=]
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Table 2. Antioxidant activities of five plants from Ulleung island

DPPH ABTS FRAP ORAC
Samples

IC50 (mg/mL) umol FeSO./g mmol TE/g
Campanula takesimana Nakai 3.85+0.85"" 4.3340.54* 35.57+1.33¢ 1.45+0.07*
Ilex integra Thunb. 0.62+0.00° 0.88+0.16™ 314.70+£3.22° 1.47+0.23°
Indigofera pseudotinctoria Matsum. 0.9340.02° 1.85+0.66" 182.39+0.57° 1.4740.16
Rubus takesimensis Nakai 0.3020.03° 0.33£0.02° 318.61£2.57° 1.74%.0.12°
Tsuga sieboldii 0.4620.15° 0.49+0.26° 279.1144.18° 1.33+0.27*
Ascorbic acid 0.07+0.00° 0.19+0.32° 314.64+4.09° 1.23+0.74°

DAIl values represent mean+SD (n=3). Values with different letters are significantly different by Tukey’s multiple range test (p<0.05).

of BME= AZ o8t Fits 4 WRo|tDontha,
2016). =35=AF A1E9] ABTS 2z 474 49 ICsak
2 23(4.33 mg/mL), ZEFR(0.88 mg/mL), 'doF(1.85
mg/mL), AH7FE7](0.33 mg/mL) R EFUHH0.49 mg/mL)
2 YeERJtH(Table 2). 4 tZ2791 ascorbic acid2] 1Cso%t
2 0.19 mg/mLZ DPPHS} nRIIA| 2 5% FEEHTE &2
ABTS &1tz 2755 ERIsHIH:. Kim 52012y A2
20| B 253} A 2EE 0.5 mgmLojA] ABTS iz
A 27 6.82% D 14.46%=2 UEFGEO ™, ABTS
Z 27150] &2 F5=°] DPPH % FRPAPOIAN = &2 3
ArSE GakE Adokal Harsieit & Ao AMgd HxE
2 70% ofeFE FEE 0.5 mg/mLof|A 10.55% AASS
Holow, ol & &1, & 2k 59 ¥ Wot z
At A7E tha Apo|7) 9l A= wWkE: ERL v
F497], £S5UF 9 APUE FEE 05 mymLoA:
59.45%, 44.85%, 42.28%2] ABTS &t AASES Ho =
< AR SAE RISk

Fe*"= hydroxyl radical(OH)¥} superoxide radical(-0%) 5
o] W& FXIstH, o]#et F&0]2 A ] thgt chelating
240l =255 ARESol| SuiAE-E AN 5 Sle
82 5745k A= o-8HHOjha 5, 2018). S5=A
A1=Z9] FRAP |z 474 42 HUEE7](318.61 pmol
FeSOy/g), ZEIHA(314.70 pmol FeSOy/g), S5UHH(279.11
umol FeSOy/g), dol(182.39 pmol FeSOy/g) 18]1 A%
2373557 pumol FeSOy/g) =02 L}ERIT}. DPPH 2 ABTS
@} =2 FAHEFQ ascorbic acid(314.70 umol FeSO./g)
Ho duFg7|el AdguTolA =2 FRAP 2tz 47
S Hol F 7HA] FE80] 350)20] thek chelating
“go] FHojuytial wetenh. AFURTE &3 llexd9] 44}

o] T2 6714 $&E& LC-PDA-APCI-MSE 53] 24
5t A3}, tiEZ 02 caffeoylquinic acid, rutin & kaempferol

1o

oot

ol ofh o

59 Edulso] ERE] AeH, EHE TEko] =
llexZY5= ABTS, FRAPOJA 71 &2 SHAIsIIAIS
Aot E3h Zdjuls k) JiIsE &4 7o) ATEAE
gkt ol Pearson ATHA B4 g Ay}, EdH|
= ST ABTS, FRAP @ DPPH TL5oflA] 9] ATHA|
£ ZRISHHZhu 5, 2009). & A7 23}, F i o]
7 =2 AUiE7]9] $&E04 DPPH, ABTS, FRAP
9 ORAC assay AISH @430 71} &7 S4=o], 4 &
Eo| Faolal e FEE IR o] IS &
o] JFL mAck= ol YA

ORAC assay= 474 AJ7to] X|gof wet peroxyl radical
of oJgf &A4=o] WHAE= B 7S Soto] AR 4t
352 &SA5k= AY Biolt(Ojha 5, 2018). A2EZ,
RIS, Jobx, AUFE7] 9 &3 5529 ORAC
value2 =435t A3}, 27} 145, 147, 147, 1.74 9 133
mmol TE/gC 2 YePdt}. FAJ 279l ascorbic acid(1.33
mmol TE/g)R T} 559 $2E0] BF =2 ORAC FHA5ts
< Hof DPPHS} 2] Al=7t ZAZE vhgo oJ5t FAlsts
o] &tha WekElh Wang Lin(2000)9] Erof w2 A
Vw77 £38F Rubus & 2E2E59] ORAC FAS AT
g8t A3}, Ax3E ARolA= 0.035-0.162 mmol TE/g, 7
23R L A|Fof| A= 0.007-0.033 mmol TE/gS LFERAS
t}. ofof Hlgf & =59 S5 TAF A& 552 ORAC Hal
1.49 mmol TE/gO& X £ A8 YeRY gitst &t
7} 2 AA AP = o] go] 7T Ao wE E2
HE o] 7H =30 E AUFE7]12] ORAC value7} 1.74
mmol TE/gC =2 7P A Yoy, SefE ol Jlgo]
7 E=9E 7S] ORAC value:= 1.47 mmol TE/gO.
2 08 I vist A9E 2ot webd EER S
EojH o] SR} ofu2} H|EHE 10| & FA] ORAC value
o ke u|Hh= H 19} Y2519t Madrigal-Carballod
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5, 2009). ¥ =F°] DPPH, ABTS, FRAP % ORAC assay
AA2Y, SSEA A= 532 st B0l B

2 S 2250] oJgt HepG2 A9 AJEL-2 RIS
ZIE Fig. 13} o] eIt AlRE H7IeHA] gk Al
Zof| Hjgf] 5% FEE EF 0.8 mymLoA A|Z gEgo]
Hastyoyt BAHeZ [ogt Aol YA Ak
(p<0.05). Kim 5(2018)] X110 M= AHFk AYAE
Z THUEI 559 Raw 264.7 A 2] ti5f 0.2 mg/mL
B4 2F 100%2] B2 HERH ST, Kim 5(2019)2
AURd7|el 7Fg GARE £91 AFE7]<4: A120] Raw 264.7
Ao o] 0.2 mgmL B4 86%2] Al AFEE,
57.1%2] NOAYIZ A a3+ B 59t mepA] & =5
NHE FEE9 55 $&7 T4L 15t ol LE
Al A4 0.2 mgmL =R Tk

=5TAr A9 AESHAA &S BIIsH] S5t
HepG2 AJ2zof| OAE o]-&sto] A% A4S F-=3F & ORO
FHHOo = IStk ORO HA AJek A|x f 2| &x}
ZgkobH, GAE Mao] F2Mo] JeE Ax f A &
Zo] @wo] o]fo|H3Z ouetth(Yao &, 2011). &31H
HepG2 A|ZZ OROE FMstal 3ot du|4S o T &
JeFoIAtHFig. 2A-B). A3}, OATE A23t A= OAE A
2JolA] =2 Alazof| H]s| X /do] ElstA fdE A
EslsloH, olE ARt A, A S480] 5.94) SVt
ATHp<0.05). SSEAF 259 A3t A2 22t AxF
(46.20%), ZERIE(46.20%), FOFR(51.35%), ALkmd
71(61.91%) X E5UT49.89%)9] Ad S4F A a7t
£ SIS tHp<0.05). A ZFEOZ A9l ascorbic acid
o] AA %2 JA| A= 67.33%E HE FE2EHT &9k0
L, AURE719K= 194 ZJolg Ho|R] o} &5 kAF 5
T S AUFE7IY AE F4 A a3t 7H =22 g1l
SISITh Forbes 5(2017)& AR} 40 25 HepG2
AlzzoflA A SAE A B3t SR HAlsiglom,
Pisonero 520152 thofst St -0|E AJEQ] quercetin,
naringenin 50| AJAF At Bl A 4 FRE 2ETO
A AP AAok, HLGTSA A AR 7R
ohl Bsielth S55Ar AE 5% 5 AR 240 7MY
=0 AURE719] A4 £4 Aol 7MY =2 2aE

Cer COun W MErr HTS
a

A
i L —

Cell viability (%)
3

0 01 02 04 08

Concentration (mg/mL)

Fig. 1. Effect of five plants from Ulleung island on cell viability
in HepG2 cell.

CT, Campanula takesimana Nakai; 11, Ilex integra Thunb.; 1P, Indigofera
pseudotinctoria Matsum; RT, Rubus takesimensis Nakai; TS, Tsuga
sieboldii.

Cells were incubated with extracts at the concentration of 100, 200,
400, 800, and 1,000 pg/mL for 24 h. Cell viability was measured by
MTT assay. Data are expressed as percent growth rate of cells cultured
in the presence of extracts compared with untreated control cells, taken
as 100%. Results were presented as mean+SD (n=3). Different letters
indicate significant difference between means at p<0.05 by Tukey’s
multiple range test.

3l A S2o] FAket avE Uelle Ejvle 83

< 2T 3 Al2o] F83F oy
AlPog AMGE AT THA|320] F/g Ao HEsHA S4E
A% Ao = RIFE 175 Ast, 13%) 1t T U
SF okl 23ko] ¥9lo] Hth(KawanoX} Cohen, 2013). whe}
Al 2 AollA= HepG2oll OAE A E|sto] A A #
L ¥ ETLA AE FEE 34 AW RS 75t
Fig. 2Co]| A5} OAE A 2SHA] 2= HepG2 Al|3Lo]]
A S/ A RS 42.02 mg/dLE UERE oW, OATH A2
St AEOA F4 A TR 159.70 mg/dLE ER} 54
A5 2ol 3.784 F7HES RIS p<0.05). S5Ar
AlEe AR Alxe] SR FFE AUTE71(39.27
mg/dL), &51H5(42.48 mg/dL), Fot=(47.24 mg/dL), A=
F2(57.11 mg/dL), ABUHE57.61 mg/dL) <22 OATF A
2Jet A|32e} Blisto] B 100 mg/dL opdelA] AXE e
Wt R 221 ascorbic acid®] £4 AR RS 38.60
my/dLE F55 55ET oA 2Pt 204 §92Ql Aol
+ Hol|A| oo} S5=Al 5% FEE0] 9% 4 A
Al /45 ERIsHAH. Sun 5(2019)9] Hilo] w=w Ak}
AEH A9 IS Z7H= adipokine®] AJA] oS ZF5H
o] 7+9] c-reactive proteing 57 HA|AH HAMESRS Rt
3L, Yang 5(2018)2 A1E B0l AR} Aol At
TAJRCl AMP-activated protein kinase 2! Acetyl-CoA
carboxylaseE QAT AlA A& AL AAIE B2t 4 A
A axkE Adeial Busielch 2 A A}, kst
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Fig. 2. Effect of five plants from Ulleung island on lipid accumulation in HepG2 cell.

(A) Oil Red O staining, (B) Lipid accumulation and (C) Triglyceride content.

OA, oleic aicd; CT, Campanula takesimana Nakai; 11, llex integra Thunb.; IP, Indigofera pseudotinctoria Matsum; RT, Rubus takesimensis Nakai;

TS, Tsuga sieboldii; AA, ascorbic aicd.

Lipid accumulation and triglyceride contents in HepG2 cell was evaluated by Oil Red O staining and triglyceride assay kit. Results were presented

as meantSD (n=3). Different letters indicate significant difference between means at p<0.05 by Tukey’s multiple range test.

o] £UT STEA A2 55 F

o0 wolgon, Pt Bl 4 A Il
e vtk oS g ol B

9 4 A7/l BAY o v

S8R A=9| AR ppiElE YA
A2 A= ZZA] Y ROS WA o 2 QlsH Q1% 1t

5t7] 918 A

Y

=X 24t Aol m=

a2

DNAS}
(Poli 5,

PUHEES

peroxidation)2] ¢J4jHkg-0]
dialdehyde(MDA) 59| |2 Ihlsl2e AAgH}
AR &4 9 i s}
A& YeRH, hepatic lipid2] alkyl”]
ToAWS Fol WS Yoiky HiHlt
1987). olof|, & 4
A A e} ASIAEHAS FHISEH HepG2A| 3£ 419]

HolXe

A=y, 25 FAEZ malon-

1. = =110

L.T?—;l_g

ojet

QUAA 15

o= =

L 2 Sl

A TR

B3l 2HAe] A2 ggto = 2A 3k lipid A EHE A IA B3 247 Table 33} Fig. 30] U
Table 3. Inhibitory effect of lipid peroxidation on five plants from Ulleung island (%)
Concentration (mg/mL)
Samples
0.0625 0.125 0.25 0.5 1

Campanula takesimana Nakai 6.91+1.57"V 7.41£0.11° 8.58+5.22° 11.75+4.22° 17.6349.40°
Ilex integra Thunb. 23.51+0.25° 25.03+1.55° 27.45+3 20" 29.2044.59% 33.73+5.80%
Indigofera pseudotinctoria Matsum. 25.31+1.85° 28.39+2.48° 34.065.27% 36.86+4.64™ 34.80+0.28%
Rubus takesimensis Nakai 42.34+10.37" 43 43+0.12° 44.46+1.71% 47.83+6.47" 52511247
Tsuga sieboldii 47.75£2.77° 49.7442.36" 50.69+7.82% 53.84+2.64° 56.87+7.53%
Ascorbic acid 31.84+1.99* 32.85+2.05° 58.0242.54° 61.45+4.98° 65.08+.4.98°

DAl values represent means+SD (n=3). Values with different letters are significantly different by Tukey’s multiple range test (p<0.05).
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Fig. 3. Effect of five plants produced in Ulleung island on lipid
peroxidation in HepG2 cell.
CT, Campanula takesimana Nakai; 11, llex integra Thunb.; IP, Indigofera
pseudotinctoria Matsum; RT, Rubus takesimensis Nakai; TS, Tsuga
sieboldii; AA, ascorbic acid.
Lipid peroxidation in HepG2 cell was evaluated by TBA assay. Results

were presented as mean+SD (n=3). Different letters indicate significant
difference between means at p<0.05 by Tukey’s multiple range test.

EF I} X5} XHFAR] linoleic acidE ©|-85F TBA HH
o8 STTAF AE 5TY AR 4 St A 1
mg/mL 5E0] A& 7oA Al FH7Rt] Bls) &
SUE(56.87%) > AUET7](52.51%) > go}2(34.80%)
> ZERIR(33.75%) > AZEZ(17.63%) 202 A8
Holom, Z4719] 5% FEE2 vk AEF o= Ad it
ke S AAISHItFig. 3). & E9ulE dE] #UXd
AURD7| 2582 7FF B2 551 625 pg/mloAx
40% ool A THilE A oA S Helow, BE
FEEN s=9EH o R BIPt Uei, Eduls T
A AL Ao P u| ATk 3 Liu®} Luo(2019)
O] B 1o} ARt AE ERIsHt. FAJHETRI ascorbic
acid?] A& IAEHE AYF JdAES 125 pg/mLojA
32.85%% AT (43.43%) 2 S51UH5(49.74%)0| 4] T
£ 8305 Ho] £/ 289 539l AE ks
AR 4L I3l

Aol AEYAZ QIR I &40 AR AGE AE
ALeL A/gE] et S55AE A5 A a3E g1t 2
3t , HepG2 HEZo] H0, 5 @5 AZd AlZ= H0,5 A7
SHA] gk A|zof| Hlsh x| THAsHEC] 62.43% 7SI
Aazo]] SFTAF A1E 5852 AR A= H0, T A7
A|zZe} Blalsto] HURE7](27.43%) > SEUTH21.00%) >
A2 23(19.33%) > ZEUE(19.09%) > oF2(18.66%)
«02 FOt XA IilE A4 oA 5aE Eith
T 291 ascorbic acid?] A& FARHE AR 38.78%=
Hol 225 53H0 52 4S8 IRl g, 2 A+
oA 7F =2 EdlE T UElld AuRer] 2=
£ A4 IISHE A A 2482 bE FEES0] vl

RO1H9l Aol UehiiAl Qi ol AW IAIBHE 4
ol AE FEE0 Sl o dod, ol a4 A
HpE B 5ol ntet ol7h AR A0 BEHCkNiki
emd, 2005).

ool AIE Fll, 2FTAL A= 550 A8 BAS
Fltog 3 A4 IS 9 A4 4% o4 ade skl
SigloH, olF AlF AR B8NS Al TR AE &
A o] B 4 A0 ARTL FF LS 4%
555 A AE AR o8] fIsl 9= 7154, EE
o, Al digt 71 A9 Easithal dETHKim
<, 2012).

2 o

B AT S84 AE 530 AEasS AAHeR vt
3)7] Y3t 712 AEE AR} HepG2 AlZoNA 70% ofjghe
250 gilsl 9 A 24 g8 Ao 54t
AE 5% 5 F2 52 H2FE0] 7P £oH FEF
s 3 9 FEeH ot SR ZH AuREr|el 7t
HURT} 7F =9Itk S2 A AR 5%0] A7) AlE AR
2A 7S ERIoH] fioto] A €44 E AE £HE
AA|E &Izt 23k, DPPH, ABTS, FRAP 4 ORACO|A 5
T IF 52 P E4S HYoH, dUFgr|oA 7
7393t A E/do] Yetitth E3E 0ASt H,0.5 4%
A 2]8t HepG2 AZE|A] ORO AMH, 54 A% 3 &7
9 TBA assay A¥, 25FAF AE 55 &8 2% AE
ZXE 9 34 AY FFE 50% ol AL, 9F 17%
9] A IS S AAAF. o] A2 RE
£ =5o] E5TAE AE 55 A7 AE AR &8s
et L EA, IS 44 9 AF 4 A 48S
AESH: 712 AEE €82 & IS Aol AlmHr

)

dAe =

H gL 20199% gAozidisty mujedte] XY
o ojs) SayEigiom FATHTh
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