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Evaluation of Antioxidant, Anti-Inflammatory, Antithrombotic, and Antiobesity

Activities in Cultured Edible Plants to Increase Farm Income
Seon-Hye Lee - Nam—-Seok Kim - Bong—Kyoum Choi - Yeon-Hee Park - Jung—Bong Kim -
Hwan-Hee Jang - Yu-Jin Hwang - Jeong—Sook Choe - Sung—-Hyen Lee'

Dept. of Agrofood Resources, Rural Development Administration, Wanju, Korea
ABSTRACT

We studied the antioxidant, the anti—inflammatory, antithrombotic, and antiobesity
activities of seven different kinds of edible plants. 2,2-diphenyl-1-picrylhydrazyl (DPPH)
and ABTS radical scavenging activities were determined as a measurement of antioxidant
activity. NO production inhibition by the macrophage cell line (Raw 264.7) treated with
lipopolysaccharide (LPS) was carried out to assess anti—inflammatory activity. Thrombin
inhibitory activity was measured for its antithrombotic function and inhibition of 3T3-L1 cell
differentiation was evaluated as a measurement of antiobesity activity. Total phenolic components
and total flavonoid contents were measured to determine functional materials in medicinal plants.
Common sage, Japanese lady bell, and hairy agrimony showed high antioxidant activity (ICs)
of less than 100 xg/mL. All samples used in this study showed anti—inflammatory activity.
Common sage, hairy agrimony, and hooker chives showed antithrombotic effects. Hairy agrimony
showed the highest antithrombotic effect (98.1%). Common sage, Japanese lady belly, hairy
agrimony, and hooker chives showed reduced 3T3-L1 cell differentiation and hooker chives
strongly inhibited lipid accumulation in the cells compared to other medicinal plants. Common
sage and hairy agrimony contained more than 1 mg GAE/g of phenolic compounds and more
than 1 mg CE/g of flavonoids. Functional activities were different by plant part and extraction
method from each sample. These results suggest that common sage, Japanese lady belly, hairy
agrimony, and hooker chives may be used as healthy food sources with antioxidant, anti—inflammatory,

This work was supported by the Cooperative Research Program for Agriculture Science & Technology Development
(PJ01097701, PJ01049004), Rural Development Administration, Republic of Korea.

Received: 20 September, 2016 Revised: 19 October, 2016 Accepted: 12 January, 2017

"Corresponding Author: Sung-Hyen Lee Tel: +82-63-238-3702 E-mail: Ishin@korea kr

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial
License (http://creativecommons.org/licenses/by—nc/3.0) which permits unrestricted non—commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.



30 BHRX|AIEAIEIEHEIX| H28H 15 2017

antithrombotic, and antiobesity activities, and appropriate extracting methods from each plant

need to be developed.

Key words: antioxidant activity, anti—inflammatory, antithrombotic, antiobesity, phenolic
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9} astragalin, quercetin, kaempferol 2 ferulic acid
So] HirEo] gt

W Ix}=7(Salvia plebeia R, Br.)w= EZ3o]| &
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#4a 7}—3}1 AlgollA] 2421714 23] yhEelo] 3L
Z(SK-71, Jeio Tech, Korea)s}itl G4 F=
B AZE 23 AR 50 goll F=F tiv] 20ul] 33}
SHTE 718k, 80~100C oA S 3=Z7](Daihan
Scientific, Korea)Z o]83}e] 2A17H4 23] whE-a}e
FE3Iey. 47k FEEL Filter paper(No.6,
ADVANTEC, Japan)E ©]-8-3to] Zhqtofatatar, A4t
527](N-1000, Eyela, Japan)& ARg-&le] 5531 &
sdxske] socel Hasiglon] AdshiAE
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1) DPPH HZ &75

Zr FZEo| gk 22-diphenyl-1-picrylhydrazyl
(DPPH) radical 271%-2 Blois 9] #<S wWals}

o] SAEICHBlois 1958). YJUNZT-O 2= Ascorbic
acid 2 Trolox(6-hydroxy-2,5,7 8-tetramethylchroman-
2-carboxylic acid)& o] &3} oH, F=E A& 20
#Lol] 0,15 mM DPPH(Sigma, USA)-&< 160 uLE 7}
Sk & A2ojlx 3087 ¥HSAIA 518 nm(SpectraMax
M5, Molecular Devices, CA, USA)oA S F==
At BE AEE 10 mg/mLe] 357 HEE
S8 mo] AREEFY e, DPPH radical A71%
< AR 7] /727 F°85Ix100
o= FAste] Mg el

o e

2) ABTS Az A%

ABTS[2,2-azino-bis(3-ethylbenz-thiazoline-6-sulf
onic acid)] radical 227162 Re et al.(1999)2]

o WEste] ZA31T}. 7.4 mM ABTS 83} 2.6
mM potassium persulfateE E§s}e] 22 Uaof
A eF 15A1ZF BFSAIA radical S A7 & 33}
SHTE s)sle] 21831}, dUE=Ee 4= ascorbic
acid®} troloxZ o] §3}F o, S/ =21 AE(10
mg/ml)= B FEER BMste] AR 20 4L
300 pLe] ABTS €8S H7|8lal, Aelx 3047t
HRSAZl B 734 nm(SpectraMax M5, Molecular

Table 1. Common name, scientific name, and plant part used in this experiment

Common name

Scientific name

Plant part

Green garlic Allium scorodorpasum Stems, Leaves
Bear’s garlic Allium victorialis var. platyphyllum Stems, Leaves
Common sage, APV Salvia plebeia R. Br. Leaves
Common sage, AP, WE? Salvia plebeia R. Br. Leaves
Common sage, SP” Salvia plebeia R. Br. Roots
Japanese lady bell, AP Adenophora triphylla Leaves
Japanese lady bell, SP Adenophora triphylla Roots
Radish Raphanus sativus Roots
Hairy agrimony Agrimonia pilosa Leaves
Hooker chives, AP Allium hookeri Leaves
Hooker chives, AP, WE Allium hookeri Leaves
Hooker chives, SP, WE Allium hookeri Roots
Hooker chives, SP, fermented Allium hookeri Roots
Hooker chives, SP, fermented, WE Allium hookeri Roost

UAP; aerial part ?WE; water extract 7SP; subterranean part
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DMEM+FBSEiA| 2. wgkslar, 2o & W4 wj<&
wEEte] 60Uzt O wiFEtSItk(Day 8). F
313-L1 AZ5A 7Fe §3l 31311 ATAE
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TEE Aol FEEE AESAo =
FZEE AP 7 AESTHE 80 1 = Uk 5
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4) Triglyceride &% Aalad} gl :
Oil-red O @M 9 =F

3T3-L1 AgRTA|Ee] Balgdw 2 AE ol A
2 triglyceride] 28 o] A =] Eelslr] ¢
sto] 3P} ek E= ARR] Day 89 Oilred O A4
< Y. 24 well plateol] 23} 3T3-L1 A4
TAEE PBSE A&3F T 10% formalin(Sigma, USA)
0 & 2A7F Bt AT} Oil Red O(Sigma, USA)
= 0.7 g2 200 mL9] isopropanol(Sigma, USA)9l| =
o] stock solutions TFE0] ARE3ISIL}. Stock solution
< SHTE 7I8le] 60z A% F- ofhx|(Whatman,
USA)Z ofi}atal A E APz 250 w4 7fgh
T 1ARE REEAIFTE wRgo] i AlEE 60%
isopropanol & A|Z3F & Z=F747 A|F3te] 93]
Azskdck, o) 4= E plates $33F dulF
(Nikon, Tokyo, Japan)& o]-&3lo] 108]2] vj&= &
Zhah ek, wegh g s flske] QMg Ml
100% isopropanol-& 7Fste] M AE EA17] o1 o]
2L 96 well plated] 200 4L 74 500 nm
(SpectraMax M5, Molecular Devices, CA, USA)ollA]
=S 2as0
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SHTE 2okl &AL, 20 4L Folin-

Ciocalteu’s phenol A|2K(Sigma, USA)S €Il .29
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FEAZE gillic acdE ARESIIGE A9 HE
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acid equivalent(GAE) mg/g2 YERNATE
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1) DPPH ez 2484

AREE Ale] FEES o]88ke] DPPH izt
27 8BS I8 d3KTable 2), wjdak=7] <,
ZHl o, "AAEe] Cs Fkel 100 #g/mLoletE 2}
Zo78hs a3t 9rsh 2o ekt vy
W=7 slEL 2o Ao defA Sl=
d)(Choi et al, 2014; Chen & Kang 2014), 70% 74
A GFFEAlE oulf o) BAo] Eob FE

ol wieh ZAJo] vhe Ag HolFar glrt

2) ABTS =2 244

Aol ABTS 2z &7 S48
(Table 2)% DPPH 2}tizt 227 247}
< Bylon, wjkxi=r] o, 2 <,
B3 9] 1G5 Bke] 100 pg/mlL ol5t=
k=] <, 2 o, A 71 @itst
I SAR oA 1Cs) fhol 100 pg/mL oJsk= -5
o A2 UElon, iAo Belkrk= 9l 1
2aLl akAle] A ks 7% T4 FEEOA
BI7L wskon, waA A ICs Fhol FHaste]
kst ZAdo] dEe Aow et

Son et al.(2002)2> @Y} 2 AP D3kl A=
© AAKILEE) 9] DPPH 2tz 22745ollAi= 800 #
g/mLoA] 60.4%2] 275 HSAL, phosphatidylcholine
hydroperoxides®] A4 A& 5ol o 79.25%2]
AFIIs) A S-S AABHEA Hilstel Add A
& ol Bkl BEAS ArESIT). wEbA kAt

3lolst
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27], ) % AiuEe =2 @ils 5 Ade < Ho|A| UrhTable 3).
A o 2Ae] ThsAde 2Ll g stk Raw 264.7 thaA| 2N dSFE=d= A5
T LPSE FEEY A Aste] A2sde 21l
2. 338 248 atoict. 2 A3t =E AlRT} 500 #g/mlL olEte]
O;, HyO,, 8|3l NOE= LPSE 3 ti2H2a Lollx] Lpsoll sl s ojEHow AES BTt
A Ay}@;} NO= Zoko|u} Al S tisl] wolsf = ZW) JASKTable 3). 53] Evhs, 7, 2
= 98-S st Fdk NO Ae 54 oz & A el freldt ol AEE Heske 53
%6}04 Al 2329 448 do7]|i1(Back et al, 7h 98k Aos yesith = diist 9 39 8
2000) 9= gukslA ok wlEkA 7154 249 I} 9= Ao 2 HEal J=t|(lee et al, 2013),
< 848 S73H7] 913l Raw 264. 74120 LPSE £ AREFeN = AEE BEst] §Y 29E
A 2JskaL NO oA B7de 7tz o] Ak Hol= oz sirdrt,

F2 d}(eong et al, 2012; Choi et al, 2014),

2) Nitric oxide ¥%F

1) Raw 264.7 tHAMIZO|A 9] A=A Raw 264.7 tHAAZE 1P @ 253} 3] A
Z2E A B HFr1EYe u) vz 2lst A7} LPsykS A2t tlzT7-ollA] NO Ad=ko]
ve], Zh) EPE] 2 ZAHE 9o 1000 pg/mL BE =7k, OWEHZ—E&EL A% dexamethasone
A ME FAES tizTol HIgte] HaAZI o 2 NO HATFS 4.7% FFoE Y3 Raw
500 pg/mL o]dle] FEold BE Al87}t 2] B4 264.7 ﬂwﬁlifﬂl FEES W AT B FE=

Table 2. Antioxidant activities of the plant extracts by DPPH and ABTS radical scavenging activities

Treatment DPPH ICsp (zg/mL) ABTS ICsp (#g/mL)

P Ascorbic acid 66.5 + 0.1: 93 + 0.2:
Trolox 981 + 84 160 £ 23

Green garlic 1363.0 = 723" 17290 + 192.4°
Bear's garlic 1027.4 +  54.17 10284 = 64
Common sage, APY 324 + 24 375+ 08
Common sage, AP, WE* 1314 = 30 735+ 28
Common sage, SP” 1002 = 4.6 620 + 03
Japanese lady bell, AP 509 + 83 591 = 1.6
Japanese lady bell, SP 6682.9 + 569.9" 13484.8 + 77283
Radish 6697.1 + 522.6" 3129.8 + 467.3
Hairy agrimony 383 + 1.7 40.7 + 0.7
Hooker chives, AP 21155 + 328" 12733 + 1208
Hooker chives, AP, WE 6508.6 + 785.5" 11780 = 784
Hooker chives, SP, WE 72382 + 2396.0" 45148 + 817.1
Hooker chives, SP, fermented 2931 £ 1.6 1393 + 1.2
Hooker chives, SP, fermented, WE 2165 + 16.7 80.6 + 2.5"

YPC; positive control ?ND: not detected PAP: aerial part “WE: water extract *SP; subterranean part
*Significant difference compared to control untreated with any of extracts at p<0.01



Table 3. Effects of the plant extracts on NO production by LPS-treated Raw 264.7 cells
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Treatment Conc. Cell viability LPS—treated cells
(pg/mL) (%) NO production (%) Cell proliferation (%)

NCY - 100.0 + 3.4 240 + 0.17° 1418 + 1.9
LPS 1 745 + 5.6 100.0 + 0.4" 100.0 £+ 1.5
Dexamethasone 125 - 447 + (.37 146.7 + 2.9

1000 1184 + 8.7 579 + 057" 151.3 + 10.9
Green garlic 500 815 + 2.17°P

250 96.1 + 2.4

1000 1029 + 5.7 67.4 + 2.1°% 1111 + 7.7
Bear’s garlic 500 84.8 + 0.7

250 91.7 + 0.5

1000 97.0 + 3.3 326 + 3.17P 131.1 + 3.1
Common sage, AP? 500 458 + 0.57¢

250 745 + 1.20m

1000 1137 + 2.3 414 £ 0.5 1312 + 9.8
Common sage, AP, WE? 500 719 + 147

250 89.9 + 1.7

1000 788 + 4.9 450 + 2.15%
Common sage, SP” 500 111.7 + 3.0 67.6 = 0.0 1210 + 43

250 81.8 + 0.7

1000 107.1 + 6.7 63.1 + 6.9"
Japanese lady bell, AP 500 783 + 1.97m° 1180 + 3.4

250 91.4 + 0.9™

1000 91.5 + 4.8 812 + 3.6°F
Japanese lady bell, SP 500 99.3 + 6.17 91.4 + 1.9" 1173 + 46

250 956 + 1.7"

1000 109.7 + 1.1°7 63.4 + 0.2 160.9 + 9.7
Radish 500 80.3 + 0.1

250 91.7 + 0.9™w

1000 70.1 + 5.9 290 + 0.1°P
Hairy agrimony 500 1173 + 63" 553 + 0.7 1220 = 54

250 76.3 £ 1.4

1000 99.7 + 3.6 40.1 £ 14" 1136 + 6.8
Hooker chives, AP 500 75.9 + 027w

250 86.4 + 0.9"

1000 136.7 + 1.1°7 67.9 + 0.5 1220 + 4.6
Hooker chives, AP, WE 500 86.5 + 2.17

250 93.1 + 5.0

1000 109.1 + 11.1 74.1 + 027 99.4 + 2.1
Hooker chives, SP, WE 500 88.4 + (.17

250 92.6 + 027

1000 130.5 £ 1.1° 528 + 1.4°% 139.8 + 0.5
Hooker chives, SP, fermented 500 77.8 + 2.17mme

250 88.9 + 1.279

1000 1022 + 1.9° 50.0 + 4.5
Hooker chives, SP, fermented, WE 500 745 + 0.7 1105 + 2.1°

250 88.4 + 0.179°

UNC: negative control ?AP; aerial part *WE; water extract "SP; subterranean part
Significant difference compared to control(LPS) at p<0.01

U Values with different superscript in the same column are significantly different(p<0.05) among treatments by duncan’s

multiple range test.
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o] i oEH o= folARl FEolA NO Adel
Pasiden], 252 7} Hold5E No AN
zZ

sk Bt FolHos ashgirk(Table 3).

1,000 pg/mL FEoA AE 54& HolA] &+ &
A= wjgkatz=r] Yol thzgtol Hlste] 67% o) 7}
T Ee S B, AH Erele] 3

& ubg A2jalelS wl NO A oJAlso] 20% o)
EolAE ATE Btk & 1,000 pg/mLolA] <F
379%2] NO 34 A B8-S RYd=d, o]7le 9o
A A|AEE Lpsol] thek A|E HE axje} ds Ao
2 Belth, ae A e FEE vlske] NO
A A EII}F A, FEol whE NO A4 AR
e T2 gt

AE EA]o] e S5 3 AL 7

[e}
)
ol
oL
roxR

< w) wjkxk=7](eong et al, 2012)¢} Zof F=5
(Im & Lee 2012)-& Raw 264, 74|42l NO A4
oA &3} BaEEd], Han et al (2001)S 3H4F
A4 T2 ksl g} 9= A NF.Be| A

< AIBIAL Raw 264,742 iNOS 34} LAS

Zste] NOWALE Astehs Ao Awsta

o z=u
T EFRle] &S At AlAIsHA
CHTable 4), 2 A& A8 A|5(500 ug/mL) <
oA k=] 9L, dAahEat Ak ErefellA 52.4~
98.1%2] &3 a7t vttt %
AdE(98.10)0] 7P =2 FEH BdE Hylow,
A BeE E A ek als
S Aoz ek,

Shin et al.(20082)¢ll ¢Jabd WAle] FAAE o
831 debls WEAY 2% DPPH 275 2
thrombin YAlso] ¥kE e us) 2z} 20.7~59%<}
13.9~31.4% Z7}3tar &Fdrk(Shin et al, 2008b).
WE Aol oaf Fad a7t =ot
A3, oz W ol whe FA b vt
FeElojol & Ao R BZhE} AE FoA IHR
9] 79 DPPH 2753 thrombin SA|ET7} FA]

o

£ A=

Table 4. Thrombin inhibition effect of the plant extracts

Treatment Thrombin inhibition (%)
Aspirin (50 zg/mL) 419 + 1.9
Green garlic NDV
Bear’s garlic ND
Common sage, AP? 541 + 0.9
Common sage, AP, WE? ND
Common sage, SP* ND
Japanese lady bell, AP ND
Japanese lady bell, SP ND
Radish ND
Hairy agrimony 98.1 + 0.2°
Hooker chives, AP ND
Hooker chives, AP, WE ND
Hooker chives, SP, WE ND
Hooker chives, SP, fermented 67.3 £ 1.9
Hooker chives, SP, fermented, WE 524 + 50

UND: not detected ?AP: aerial part PWE: water extract “SP: subterranean part
"Significant difference compared to control untreated with any of extracts at p<0.01



BIAS B

ol T7k=o] B3 54 7IsAde] A3t dAEE HeE
2)=0)(Shin et al, 2008a, 2008b), & IF-oi|A]
= agR=Te} FAEe @ikl 5553 thrombin
s Fo] BAlol Fa= o] 1 g Hijte] FEE)

< A

4. gH|2 g0t

1) 3T3-L1 NZ=A

3T3-L1 AATAEZANA] Z2ZEo] AI=EAS
gt Ayt F44S vehiAl B Hee 1.95~
250 pg/mL oIitt. AEZ=AJo] =of AU e 5
=5 A2 AEE E£7h=(0.48~3.9 mg/mL)oIA e
), At 24l =
o] glo] 31.25~250 pg/mLe] WlelA AR&SFSITH
(Table 5).

[ON e

o

£ Be FRdE ATEA

2) 3T3-L1 &3} A%

A WAL vk A 3l

H]
H]
A5E H3l Aoy A=l aaAel A=A

ook
=4
o
fol
=
on
1=

E F= A7 A8EI Qok(Jee et al, 2006; Pi-
Sunyer 2009), ¥ 7oA 28-2&E2] 3T3-L1 #3}
AAleS 7k flake] WAl 3T3-L1 A A
FRA5) 23} o G, FEEC] A
AE B3} AAlse] Wele 4.1~15.2%=, ) A
F(15.207F 7P =2 123 dAsS EYeH
(Table 5), o5 &Ale] A=A A A= 4AEH
Ak o] B35 = 5 U AR dEn) 4
A Bele By A vgt vpe-2ofA AR Aag )
7} ZolAE Ao R HUHYI(Kim et al. 2015) &£
AT AR AERS Bolov) iE v A ¥
dE 71 A7t AGEloF & AoR B7E.

5. 7lsd €&
D & HsdF
ARG ZoAfollM & dlEdhde B4 A9 BE

aAjelM sl HelueirkTable 6). 1 mg
GAE/g o)3e] s

i Ar 3o g
A7) A, ) AR, AR, A5

Table 5. Inhibitory effects of the plant extracts on the lipid accumulation in 3T3-L1 cells

Treatment

Concentration (zg/mL)

Inhibitory effects (%)

Green garlic

Bear’s garlic

Common sage, AP?
Common sage, AP, WE?
Common sage, SP¥

Japanese lady bell, AP
Japanese lady bell, SP
Radish

Hairy agrimony

AP

AP, WE

SP, WE
Hooker chives, SP, fermented
Hooker chives, SP, fermented, WE

Hooker chives,
Hooker chives,

Hooker chives,

3.9 NDV
250.0 ND
62.5 9.4 x 0.1
62.5 112 £ 0.5
62.5 ND
62.5 ND
62.5 41 + 08
15.6 ND
250 9.6 + 1.3
31.2 152 + 0.4°
31.2 74 £ 1.7
31.2 77 £ 18
31.2 ND
62.5 81 % 0.5

UND: not detected ?AP; aerial part WE; water extract “SP: subterranean part

The values were calculated as a percentage of absorbance of Control. Each value was expressed as the mean

+ SD.

“Significant difference compared to control untreated with any of extracts at p<0.01.
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S} o] 9 ol F3E Yol e Ao ek

S

L HiERR=T) APl dAlvEe 1 mg CE/g ©]

o, 24 14% 5L Ak el A EE}L01J} ﬂﬁﬂ
t}

Jo] FetHiol=g sl USATHTable 6).

Z ¥= ¢k phenolic hydroxyl &) Tl
27} g0l Aehs 2 dsladE A=
Ao Az Jom(Shin et al. 1994; Jung &
Sohn 2014), & AFME ZE AlZIA Shin et
al.(2008a)0] AAJBF n=e] & FH= dEkuct HA
4ufl~FH o 264v] E=A| e AR R A8AE
o] 9l & A 7] SollA EA(Jang et al. 2010)
she gt o|ER B 7o) ARH ABeA F

FelsEdg AR 43S Bl shin o al
(2008)°) Aol BTt Ak 200)~G16) 37 ek
sie, A% el EAlshe she ﬂz}%& A
hes ge AR A 4
231 glolA] s, ts]-lﬂ—l-, )y JJr 7 ]

mlo
N

FZE(ung & Sohn 2014)4 A & % el
o] ¥ 22 BEE F e o= wmol
(Sakihama et al, 2002; Scalbert et al. 2005).

Z ZgH o)t ekl e AT I Qe
Zlo 2 H1E3 9J=H(Ahn et al, 2010) £ A+
A ), 29, B 2 e Eap ol A
E2E AAEAA EefEieolE gl &/ v
s w3 gl ALgE Hig=], Fand

Table 6. Total phenolic and total flavonoid contents of the plant extracts

Treatment Total phenolic” content Total flavonoid? content
(zg GAE/g) (ug CE/g)
Green garlic 1231 = 46 ND?
Bear’s garlic 1376 £ 45 ND
Common sage, AP? 1754.2 = 30.5 14240 = 0.9
Common sage, AP, WE” 576.4 + 21.1 149.3 + 264
Common sage, SP” 627.1 = 16.6 4207 £ 5.7
Japanese lady bell, AP 1045 + 16.6 666.0 + 10.4
Japanese lady bell, SP 56.5 + 3.8 ND
Radish 1143 £ 26 ND
Hairy agrimony 2116.2 + 635 1685.3 + 29.2
Hooker chives, AP 1933 £ 9.0 1841 £ 52
Hooker chives, AP, WE 96.7 £ 20 ND
Hooker chives, SP, WE 583 £ 22 ND
Hooker chives, SP, fermented 2779 + 33 ND
Hooker chives, SP, fermented, WE 3574 + 04 ND

YGallic acid equivalents (GAE, ug/g) ?(+)—catechin equivalents (CE, pg/g)

IND: not detected ¥AP: aerial part *WE: water extract ®SP; subterranean part
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