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Effects of Ethanol Extracts from Commonly Consumed Vegetables
by Koreans on NO, TNF-a and MCP-1 Production in
LPS-stimulated RAW 264.7 Macrophages
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ABSTRACT

Korean dishes, Hansik is characterized by healthful vegetable intake. The purpose of this study was to evaluate the inhibitory
effect of commonly consumed vegetables by Koreans on obesity/metabolic disease-related inflammation. Through statistical
analysis of the KNHANES database (1% 1998, 5™ 2010, 2011) and a literature review, we selected vegetables for study. Among
the vegetables, main or sub ingredients of Kimchi were excluded. Samples were prepared using only edible portions and freeze-
dried. After grinding, samples were extracted with ethanol, evaporated and finally lyophilized. The cytotoxicity of samples was
determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, at various concentrations that do not
affect cell viability. Raw 264.7 macrophages were treated with lipopolysaccharide (LPS) and 11 kinds of samples or positive
control (troglitazone) dissolved in dimethyl sulfoxide (DMSO). After 24 hours, nitric oxide (NO), tumor necrosis factor a
(TNF-a) and monocyte chemoattractant protein-1 (MCP-1) production were determined. Excepts for young pumpkin and
bracken, nine samples effectively reduced NO production compared with control treated with LPS and DMSO. NO levels of
five samples (bean sprouts, leeks, eggplant, mugwort, and pumpkin) were similar to that of the positive control. These five
samples showed significantly decreased TNF-a or MCP-1 compared to the control group. Our results suggest that consumption
of commonly consumed vegetables contributes to partial prevention of obesity and related metabolic syndrome through

reduction of NO, TNF-a, and MCP-1 production.
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At QA FE Bl AHE F 7] Wi el bE
AatsElol] vls) tiatSFe] 18-S oF 20% HE Al
Ik B sk thKim & Jo 2011). L 5 aFe F8 &
e HEr L 71, AEA Aol ot HestetEd
= o Aelrlsd diabeby 24, aksket etaatel
A7t sl o] FoA 1 YthHartley er al 2013). FEF
Hol s Ul 7l A, HE WA, 87 FelanE
Aot T Ael7le 245 8l Hvt Sk, 28, aAE
I 52 ot Lee YE 2005). g1 AQlS
AFelM e A A A EFE Ve
o33 oetZ Hro] F IFE HlasklE o
Ao AF ol 5029 ol AFNAN T sHED
LDL-Z8| 2H| & 3], o]e7] dsto] Yol A em B
A tHChoi & Bae 2007).

HWHS W23 R A A e whes] AA 29
719} o] S7HERE ohd e}, AA Well A ARl Sl
Agithe A723e ofn ofg] d7E SaiA 4 vt
Th(Wellen & Hotamisligil 2005). 7Hd J5E4 Hu|<
S 7hAE ed AYAFS v ESt Al 28 et 4
A Agke] TS AAlsi, 18 FH S /st T8
THYu R 2005).

 EEEEEERISRERTE REEE R E E R
A ALl E7RRIS A8k, BInkde o] Al o] &-d
AR A = it GFH 2EH S WA AdIAE
A2t v o] AN AS/dHi(low-grade systemic
inflammatory state)E r'#¢H-HEmanuela e al 2012). Nitric
oxide(NO)<= cytokine®| U lipopolysaccharide(LPS)<} 22 Wl
ol o8 e EAE ndst 84, SdeuAsks
I} 712 AFo| 9l o™ (Fujiwara & Kobayashi 2005), 9574
glol A A3 E NO+ prostaglandin@} 22 A5z o] AFg+
B FAet d5S AsTle Aom delA drh(Park
& Yang 2008). Tumor necrosis factor a(TNF-0)= F2 /3
ASHhEol #Astar, WMAMEE -, Jd&d A&
fr=dte] FARE A A7 HH(Bradley JR 2008). E3F Inter-
lukin-6(IL-6)2}} 22 ThE 54 Al E7RlS S7HA171+=
HHA, adipo- nectinZ} 22 AT A EFIRIE AT
(Emanuela et al 2012). Monocyte chemoattractant protein-1
(MCP-1)& A5WH-8-& MAleke Ta3 aa=A T
HH Aol F7tetH, 5o] Hwat 2F B, a9 B
H S A W B 7F F7HHRull e al 2010). H]
THbody mass index(BMI)>25 kg/m?)2+ 7%, &3 MCP-1 &
T} Z7VKKim et al 2006). AthEr A 22 oA
MCP-1°] ¥HEH|E 31, o= A 2E Ax2 o= Eo
Eole =8 X EHDi Gregoria ef al 2005). 5o
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ggdste Ul’AIEZE proinflammatory cytokine$! TNF-q,
IL-6 52 EHsld A3 AsdGAd dldsh= INK,
IKK-B, NF-kB 7 2°] &A3sl5 Bafl l&d Ade 2
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1. A2l ME

3=l ohib] A &) Alg = A G SFZ2AF 17](1998
ek 571(2010, 2011'd)e] wlolEwlo] =5 #4135t 1094 &
A3t 79 A vlmEastel 091714 AP, A2
Fob BAABol A Fe] 2R ES Sl v &2
gho] o} Jid ThsAde] e AlRE ARt A
T FARY dE15TH A= v IgE vt lo] A
A& 2HEE AafFe Asint. 2 23 [FihE(bean
sprout, U Glycine max(L.) Merr.), | &5 (young pumpkin,
Cucurbita moschata), 1LA}2](bracken, Pteridium aquilinum var.
latiusculum (Desv.) Underw. ex Hell.), ¥-3=(leeks, Allium tu-
berosum Rottler), %%¥(crown daisy, Chrysanthemum corona-
rium L.), % (burdock, Arctium lappa L.), 9(lotus root, $1;
Nelumbo nucifera Gaertn.), IL-7-V}&7](sweet potato vines, 1L
vk Ipomoea batatas(L.) Lam.), 7FX](eggplant, Solanum melon-
gena L.), % (mugwort, Artemisia princeps Pamp.), ¥ 8}
(pumpkin, 9% Cucurbita moschata Duchesne)] 22 % 11%
o] AH = ATKTable 1). thH] e & 7] & A3 o= A
2 g TR Yehlilen, sRiitd AL AR E
A FEEEel T e A e AT It 9
ailx gAFTE A8H 32k AFREE AFESIITE Chu
WM(2013)¢] ATellXe & 24571 218 d=9] &
S - D 505 AT 1 F 8T A R(EFYE,
ojzml, BAl, B, 9, A2, 7, 5 sk & A
T Alaet dAste] A tan] deAade A
& 2= Q)9 Chu WM(2013)2] I+ Jdas 2o
FuiAbel " Bagd S FHoR Hrlste] rtaRgA]
oA ZHEH = v tiAbg B A Ao BTl £
H[A S R4 02 she & Ao 24 9 gate Apol7t
ATt

Aol AFE BE BHEE Fualeln, e ke
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Table 1. Selected samples from commonly consumed vegetables using Korea National Health and Nutrition Examination

Survey (KNHANES)

1998 (1%, N=10,400)

2010 (5" N=8,019)

2011 (5" N=7,704)

Num-
ber  Rank Vegetable Intake (g/meal) Rank Vegetable Intake (g/meal) Rank Vegetable Intake (g/meal)
1 3 Bean sprout 10.72 4 Bean sprout 8.97 5 Bean sprout 7.81
2 8 Young pumpkin 5.84 7  Young pumpkin 7.35 7 Young pumpkin 7.33
3 19 Bracken 1.40 16 Bracken 2.40 16 Leeks 232
4 22 Leeks 0.73 18 Leeks 2.20 18 Bracken 1.98
5 25 Crown daisy 0.50 22 Eggplant 1.29 19 Eggplant 1.42
6 28 Burdock 0.42 25 Burdock 0.72 24 Burdock 0.71
7 33 Lotus root 0.22 29 Crown daisy 0.57 32  Pumpkin 0.51
8 37 Sweet potato vines 0.14 30 Pumpkin 0.54 33 Crown daisy 0.51
9 44  Eggplant 0.09 39 Sweet potato vines 0.35 35 Lotus root 0.38
10 45 Mugwort 0.08 40 Lotus root 0.32 36 Sweet potato vines 0.37
11 48 Pumpkin 0.05 47 Mugwort 0.15 47 Mugwort 0.17

These figure rounded off the numbers to three decimal places.
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3. Mlzufs

RAW 264.7 macrophagesi= 3F= Al X-23)(Korean Cell
Line Bank, Seoul, Korea)ol| 4] &fitol Adlof Al-&-31%T).
Dulbeco’s modified eagle’s medium(DMEM, Sigma-Aldrich,
USA)°l| 10% fetal bovine serum(Sigma-Aldrich, USA)Z} 1%
penicillin streptomycin(Gibco, USA)= 33l 37T 5%

CO, Hi%7](Autoflow IR Direct Heat CO, Incubator, NUAI-

RE, USA)°llA] ujstsitt.
4. M= YEg 5H

RAW 264.7 macrophagesZ 96 well platee]] 1x10° cells/200
uL/well == T}, 2413t F<k v gsie] A7} Z4|o]
E npgo] 2 Fapete] ApekeA] 218k Opti-Mem(Gibceo,
USA)dl| 7} Al 55 DMSO°|| =o] FEE =R A ste] Ao
Agfstar, 18213 E1t AlZ v 7] WellA wiFaisitt. L <
0.5 mg/mL &%2] 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-
trazolium bromide(MTT) solution(Sigma-Aldrich, USA)S 20
uL/well 2 718te] 2417 <t AL vl g7l ol| A vl kgt = )
2= Hg]aL, DMSO 200 pl/wellol] 509 550 nmollA] microplate
reader(Molecular Devices, USA)E ©]&3lo] =43

5. LI=4 Z7}el Nitric Oxide(NO) X
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BE A=7FLPS A & AAAR] WEARE vz
°] NOE gAstst=A1E H7telr] Sl AlgrbE 7 aL
WE=4 H7KLimulus Amebocyte Lysate: LAL, Genscript,
USAE A & &S sttt Tk ntazwx] o
LPSE At ¥a Almvks ATt Als v+
NO EH|Z-& H7lslth. RAW 264.7 macrophagesZ 96
well platedl] 1x10° cells/200 pL/well =2 #3311, 243t
Bt wjFate] v FEE ER1Eith Opti-Mem(Gibeo,
UsA)ell 2 Al=e] w=d Aot §7 LPS(Sigma-Aldrich,
USA)E 100 nM/mLe] FE== Aol H2latsict. olu Al
o 2]¥E DMS02] FEE 0.1%= B5F TUs #zls)
STk A&} LPS A 2] 3 24413 B9k w3t H wiR| -
3]=3lo] Griess A 2K(Sigma-Aldrich, USA)©. &2 ¥HA & 570
nmo| A microplate reader(Molecular Devices, USA)Z 5%
TE5 3435t NOo9 EHlEE #Hrbelslth NOo<| &
NaNO,9| EFFHA S o] 83l Stk

6. TNF-a2} MCP-1 &3

TNF-a¢t MCP-1 28| %] 5742 Al 89 LPSAH 2] & A
3 ulE7] WellA 24A17E vl F F uiAIREE o] etih Al
A¥ 3 & mouse TNF-a2} MCP-1 7] E(BD Pharmingen,
USA)E ]85} sandwich elisat] &2 & &ttt o4 o
Z-2Peroxisome proliferator-activated receptor-y(PPAR-Y)
o] AgEdolm A G A=A troglitazone(Sigma-
Aldrich, USA)& 5 mM =2 Al X A2]|s}sith

7. XM22o| AKX

2 AT Ao EAFALS SPSS(statistical package for
social sciences, version 12.0, chicago, USA)Z ©]-&3}o] 4]
Sttt Wy ETAHAR =St ZAlEI e, BAA

oA 52 P<0.05 70l A Student's rtestE A8k

dn o oy
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1. AZ2o| =4 Hotet Mx dEFE £F

YE4 H7He A5 LAL A9 &8st Sudide
2 U540 55 Frletlon, BE AlRddA Wsirt
A= &It THdata not shown). A& F7ke] A&

S A33sl7] flete] AIRE R 0.005~0.2 mg/mL Alo]€]

2 32 9A]d] A2tk MTT assay = Al EAEE
= Brtstlon, 72t AR AEYEE FIFS VXA
% TEE AYste] Al #8513 th(Data not shown).
I A%, FUE, 3k, 2 0.01~0.1 mg/mL, %5 a7
v} Z7] 0.005~0.05 mg/mL, ¥ 0.01~0.02 mg/mL, o 54},
3 99, 74, 2 34 0.02~02 mgmLE ZF 22| A
PR sk

2. 117}X| ciidH| Aol NO 28|AX =0}

EYo|Ec] F2d niawux|= LPSE A gjste] BT,
AP A g Al AEFEE Adste] NO<| v E frest
Atk 2 F 7 A RE ¥AME A sE2 Helstar, 24413
F FFEE o83l NO #hs F3Fsta, MTT assays %
ato] AMEAYEES SHIATE SHE NO @2 2 AlE]
AEER BAste] ¥ Wl thFig 1). NOE 952 $23
A|RRE o] golatrE 3 WAl A% dAR Adesisith
AA 17 A& 5 9714 AlRellA] o4 izl vlste] -
o]l NO 4 Z3E lsisitt. 15 2 0.1 mg/mL,
B3 0.2 mg/mL, 7F4] 0.2 mg/mL, % 0.1 mg/mL, 2 &4
0.2 mg/mLellA] NO®| ] &Fe] & i FFo = Ha
she 395 Btk Ak 9 o sEh 994 0.2 mg/mLe] Al
FoA= NO Al 45 HolA] LUt 99| Aszd
Hlgl] nFEoA] B3t IR 2 A Aok g AFe]
S4o] Wtdd Zo 2 Atsdrt FvHE A% 5(0.01 mg/mL)
o} A EE0.1 mgml)= A2 BEERE T=E 4
st sEE I T A8 Agsil o, LpSet &
A Azl Al AlZe] BEEC] 34 o] Hlste] FAIA
2 oA Aasle] Al9lsks

.
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{mg/mL)

Fig. 1. Effects of commonly consumed vegetables on NO changes by LPS treated RAW 264.7 macrophages.

sk

The values are meantS.D. of 4 testes. = p<0.05, ™ p<0.01,

C: Control, PC: Positive control.

p<0.001 compared with C group (treated LPS and DMSO).
These are adjusted by cell viability. PC treated 5 uM Troglitazone.
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FUEL 0.1 mgmL & A Al &4 thxad v)st
o] 46% NO H| o] Zastla, e Al FA iz
ol Blate] 15% At ol Axe Fo] wolaby
NN AR AEGYEL] dFo 2 AlsHT Foll Bol
FRE e olaZEEe AR E NAst, ddT
FI7F e Aoz d#A oM (Cho et al 2007), FUE
< cyclooxygenase-2(COX-2)E Ao dAAZL 24 &
FI7F YA THKwon et al 2007). COX-2E Aol GZA]9|
%718+ prostaglandin E,(PGE,)2] A4 %714l @alEes &
22HM, isozyme FEIZ COX-17} COX-2E FEA 3K Ricciotti
et al 2013). COX-2& 24, 55, 9457 £ W a4
217 A= 21, vpA 29|l A inducible nitric oxide syntha-
se(iNOS)<} &4 COX-29] Wd & Apdtals Ao 4523k
28419 Ml 9ol E 7127} Bklung et al 2014). ©]
213 Z3}=2 Kwon ef al(2007)2 Holaly ol QA= &
Aol o3t FHAA JdFoz FHsrh

Suke o suty} e HF B 9] thAn] AAaFE
AEAk A Euhe 0.02, 0.2 mg/mLelA 34tz
H| 3 Al ZH2F 3%9} 1% NO 4] o] 7haste] zto] 7t ¢ld
ARk, L THHE 0.02, 0.2 mgmLolA] &4 Tzl v]s)
o Z¥z} 18%, 45%2] A &39S Bl 53] 2 24902
mg/mL FEo A= A tlRTol vt 12% A4 E37)
A3tk o] A= Oh er al(2010)9] AFoA H& 4k &
sHh o 5t A 71 o] AR EC NO A8 e W7
39S ul, BF JEHET EFHEEG & NO &7

AE JeERH, ZaRdlEo] NO &2AEY a7 §2

-

Ut} ofjgHto] o EapA oY Aol thEA JEbs
o} o]= Al HEl9] o)A, 80% olehe FEE Aot &
&F3 AHolA o= Are] ato|Z AlrHT
A S o ehE FEE(0.01 mg/mL)> thalA|Ee] vgh
d Asm7iEdd NO Ao Al 2t gllv ey
B YhA| 3 (human mast cells; HMC-1 cells)ol] 1A}

B oMo
r—}‘-l
Jo
)

o 88 FZE(0.01, 0.1, 1.0 mg/mL)< #]2]3F 3 TNF-q,
-6, IL-8 RS S90S W H=dt ASHHeS oA
sto] A5 Ao ol 22 X 2E S EEd=AY] &8
7Fe3E AARRE b glof,  AF Are) thE A9E B3
(Ko et al 2013). AR S AMES 2 A3} &) At
2] AEE AN A set AEFr) uinkA el F 7f

H3o] olgks FEE-2 A, 19 F F5%(0.02, 0.2 mg/mL)
oM 44 thET vl Al 242t 19%, 49% NO #H]=F 2+

o} 19% 7Hastel Eoot Atk B wigtkalol] &8k Allium
& 252 3 eSS el o], o o 2 Ad A

A s

oMo} fekiRa s

A% oo =go] He Ao IEA o, 2 &9
AE-Z=(Allium thunbergii G. Don) F&E8-2 iNOS2| ¥Hd &

= =
AAete] NO A B AATKSeo et al 2007). &84
9l F-3o] g3 g¥h= B npy) viu)sle] E 2de] 2
= B3] FgodZ S s, Ao /HeAS gol
FE v e d¥z ddtEd
Z7t dehs FE2E0] T U2 AR Hl8)] 1/4~1/40
v & Sl Bska, 283 NO A &9E B
0.005, 0.05 mg/mLolA= 54 tiztol| vlate] ZHz} 25%,
28% NO #1287 Bk &7t dghE 35585 o] &3 &

Z

A
¥ v} thkStrzelecka et al 2005). Raw 264.7 macrophagesS
o] &3t - AP E &7t e FEE°] NO #he 25
o] &7} o|erS FEE0] NO B4 Al &7t AUAT
UE, 4 ' 2 SRR Arkste] A3 ske gl thae
NEZA D718 AFLAZ 7HET)

2 e FEEE AF %2l 0.02 mgmL FEo)A S
Atz Blsle] NO BH]#o] 21% AAslben, 15%E
1 0.2 mg/mLol| A& NO ZHAE 37} 11T} Kim er al(2012)
o] AFoME A549 H A Fol| TNF-oE 52 st
9 Fehe FEES A aFc] AlEE FAER gz
TR NOC| A7 INOSe| fat aS A8t &
AFolAM = FE8u o AE2F7 el e 79 deks =
E°] NO JA a7} At

AZL 0.01, 0.02 mg/mL FEolA A4 o) zatol H]|&ko]
Z}7} 30%, 28% NOE 7HAstsich Ao 7o} niro|
shrE Bhde oz o] 9458 JA T Mukherjee et al
2009). ¥ AFAAE UEF AFAANE aElst] F44S A
Ast o, 24tz Hlste] fe]4 22 NO #H|E o
Attt A2 el thaH] AR AP EASA=
Tk, HAFES e R 3 7|5 % FAAE 7|15
7} @A H7FE 9 tHMoon HO 2009). 71352 =Y & 9l
zEly 2 s Bl g 71s o] e AEE
A & e ok mag Fev gl

IFul Z7]E 0.005, 0.05 mg/mL FEolA A4 thx
of| Hlsle] z+z} 19%, 24% NO7} ZHAasisith. nnl Z7)=
irelo] mlate] 8 w7} Yol dHE AFE g A|ghA o]
Atk HT AqelA ZejElEy ZeEeo|l=g S 2

= =3
T}, el ¢, AAE vY|A] e 27], A4 "Wz 7] &

ofl ot
i

oz Zeulad SehEeo| =0t Bl o] Sle Aem
HuE ek Zelulart SehEeol = oifo] B Foldy
SO

= 2 2-diphenyl-1-picrylhydrazyl(DPPH) 2}t]Z 7%, &+¢]
2 gl COX-2 @AM e Fof FuAAE HIArHKwak
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7HA1E 0.02, 0.2 mg/mLolA ZHzh &4 th kol H]skd]
17%, 47% NO 72832 Btk 1% 52 0.2 mgmLE %
3tz vlste] 17% Hadte] 23t Aok 7 E <
EAJobd 212291 nasunin, delphindin®} cholorogenic acid 5
o] #lA AR, solamargin 52 glycoalkaloid A %S 3
st gkl kst 9l vt B3} Fo] delA UrtkLee et
al 2011, Roh KS 2008). & oA 71#] oehs 25 3
7he % oEFH o2 NO BH|E HAaAIZ oL 7
FEAJOPAA] A RSl ofg W, gilst &4 ogh
FEFo = 7 EH(Scalzo et al 2010).

22 0.01, 0.1 mg/mLollA |4 &l vlsk] 17%, 46%
NO 74 &37) itk 2% %2 0.1 mg/mLollAE %A of
Zvol| vlale] 12% 7haste AR Bk 48 o £ 5E
2183} kg o2 ARREY, e 2A B ATt FeE
AA T B AT thaH] AFo g APH Ags)an o
TE At & dFFEES LPSe &7 via 2 gk
A2t < w LPSYF @5 2] gk ol vls)] 2422 NO
, ©]= INOS 32} Fa oA 7191¥ tHKim
et al 2013). ¥ AFE 80% oleHES 02 458 FE319
3, NO 32 EF Al59] 128] FEoME A iz
o] ZHAgHE A3

¢

=

N 2

3. MAE 574X zH2~2| TNF-a2f MCP-1 £H || =1t

80
B0
,E 40 -
B
L
L]
3‘ 20
E LR
. ]
0.1 0.02 0.2
C PC Bean Leeks
sprout

gay il gels &3 781

3
15 S35k TNF-a9] #H|= 54 iz va A, &
0.01 mgmLE A9t BE A 59| oA Fol&l Fa
£ B3tk 714 0.2 mg/mLe} % 0.1 mg/mLE FA =T
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Fig. 2. Effects of commonly consumed vegetables on TNF-o changes by LPS treated RAW 264.7 macrophages.
The values are meantS.D. of 4 testes. = p<0.05, ™ p<0.01, ™" p<0.001 compared with C group (treated LPS and DMSO).

PC treated 5 pM troglitazone. C: Control, PC: Positive control.
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Fig. 3. Effects of commonly consumed vegetables on MCP-1 changes by LPS treated RAW 264.7 macrophages.

The values are mean+S.D. of 4 testes. = p<0.05,
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