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Abstract

The objective of this study was to investigate the effects of a lettuce (Lactuca sativa L.) extract on the inflammation of
human umbilical vein endothelial cell (HUVEC) and blood lipid improvement in hypercholesterolemic mice fed a high
cholesterol diet. The lettuce extract (100% ethanol extract) inhibited the expression of intercellular adhesion molecule-1 and
vascular cell adhesion molecule-1 in HUVEC treated with tumor necrosis factor-a (TNF-a). The lettuce extract suppressed
the adhesion of THP-1 to TNF-a-treated HUVEC. The lettuce extract decreased the TNF-a-stimulated production of
proinflammatory cytokine interleukin-6, interleukin-8 and chemokine monocyte chemotactic protein 1. In hypercholesterolemic
mice, the lettuce extract reduced serum total cholesterol, triglyceride, and low-density lipoprotein-cholesterol level, while the
lettuce extract elevated high-density lipoprotein-cholesterol level, resulting in the decrease of atherogenic index and cardiac
risk factor level. These results suggested that lettuce extract can be an useful resource to show an anti-inflammatory effect
and improve lipid metabolism.
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5}7] wjiZel]l HDLo] oW E3t FollA SEAHEo] AlAE
L}, LDL2 7toll A £ very low-density lipoprotein(VLDL)©]
QAe) e 2H o2 AL LUk de BN 1HE
9] FHAEHES kAL Qlof LDLo| Hod o] S
HEo| wo| oA FHH37F ZXEhDurstine & Haskell
1994; White 5 2015). T3t €5 LDLo| =X & N ] AwF
Zo| FoA|aL IAEFS FEstH o 7 7s FF,
o S HF F @Y Falof ¥isE doA day
T=7h Aseta A= @9 Jdat Aol ¥A W3yt yE
U dargo] ot TxeolE ¢ovA ok
G Y| e SY2E S o FEE o] dghs 9
'3P7i‘+ A=3t7] 23 S LEEY TS AAlse o=
A f FEAHY =5 F57] A% B2 eSS0l A
|E gloyt o7 74x] R2Rgo] vEhtar gloj(McKenney
IM 2001) =/dojut FaRgo] gl HAFEES &85t &
o SudliEEe] SES 245k she @77t wel 4
T QIthNam S 2010; Jung S 2014; Park S 2014).
AT 2BTE Fo3ho] 194 EE 204 284
BQ) AR AokAIol, A%, Eol YA B, F,
U2, 02, Q3 5 W AL W AejolA ARl A8
A& o thhttp://www.doopedia.cokr). oA A= oA,
O7IA, HEA, oA T2 B nEY, avEY, i,
AEFA i, 2357, s34, A AA, dEE, ¥
5, 23S oA 0}— Aoz d#fA UhJung & Shin
1990). ”’101]h AR G4 o)Al Hf4, HEH, By
Fote] RIE o, e W g 23] 8o Foh 4
Fof 2 5101"“‘ FH A2 =9 ABE B35k &
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ESE A I —aﬂ‘—'yz—’\ﬂ dit FRA A2 2EGAE
9T T ¢ = 8509 3o EHF £2

o= oeld QIthRen 5 2004). SHA T FAAHA wap B
A AfAtet BEE LG AHE SOl e A A
A 7150l tigt A= 3E B giok 2 A3 7]E9
AolA Aol A &3 Tro]Eo] acyl-CoA: cholesterol
acyltransferase(ACAT) 9] 24S AAIsk= A2 &I vt 9l
TtHJang 5 2003). ACAT= A|Z oA Ed| A8 S long ch-
ain fatty acyl COAE 7|42 sto] F|AHE of| 25 A4S
EXos AR AFA Y FHAHE S5 TlA Y 24
i FA, 8 WY AAHENAN SH2EHE oAHY
27 Zof PHoJFCHChang S 2006; Chang 5 2009). T}a}A]
ACAT &/ A= thge] S 2HE ol2H 43S Adfst
o FHAHESY AW FA 9 WA dta A5 &
It e AR 7|dEth & °%:r"°ﬂ"‘]-1= ACAT Z4& 9
Asts Ao2 SRIE A+ 55 Z3t7] 913l

2 AR AN BB 999

Q17F A Wl & 2 1] A 3£ ZF+(human umbilical vein endothelial
cell; HUVEC)9] A| 34 2jchay 2l
L(ICAM-1), vascular cell adhesion molecule 1(VCAM-1)9] ¥&
3T Al 2GS ARIEAR 9 ARl TE
o HAl= 9% & FUstaL LEFHXEE 4oz AEIY S

B85S FEAX ] BN A5 FE5=9] ARl ot
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1. &F FE29 Hx

ArZ(Lactuca sativa L)'= 7185 HLAREA A oA 3L st
G AIH T AZ7|@5T)olA 2447 Bt Mgz AR A
ZsisiEn AT ARE A HAT F 100F 009 54
AFLE A2 33 FE3}E o]TX|(Qualitative filter
paper No 2, Advantec MFS, Tokyo, Japan)S AR5l o] 181
o oS 50°C°ﬂ/\1 Y 55 dojRl w59E 54
AZSIAI(AZRT A3 1 kgol| A oF 160 go] AF: 22 ES
S138h dimethyl sulfoxide(DMSO; Sigma-Aldrich, St. Louis,
MO, USA)e]l 200 mg/mL2] =2 834171 F AFof 0|83}
AT RFOZL 02% (vAv) DMSO S-S ALgatgTh

2. MIZF H{Y

HUVEC+ Modern Cell and Tissue Technologies(A]-<,
oA BoFdkgro | 10% heat-inactivated FBS7} 8%
EGM-2(Endothelial Growth Media-2, Lonza, Walkersville, MD,
USA) HiZ| & ARgste] 37C, 5% CO, 274 wlgFstict
ST A THP-1 Al EZ= A ZFEHP(A =, T=)olA
FoFdker O 1% penicillin-streptimycin®} 10% heat-inactivated
FBS7} 3+ RPMI 1640 v X| & AR5} 37T, 5% CO, &
Aol A st

Zo| MESH ol

Z59 AEZEA-S MTT(3-(4,5-dimethylthiazol2yl)-
2,5-d1pheny1tetrazohum bromide) £42 E3f &2l thMa
%5 2012). HUVECE 0.1% Azatglo] Z 8% 96 well plateo] 3
x 10* cells/well2 E=3F & 24471 S0t vljoksle] HZE B
ZFA|Z]AL 100, 200, 400 ug/mLe] A3 FEE=S FHdhe
EGM-2 822 m3ket 3 18A]7F £k wjekata Ty, MTT-Eo}
(5§ mg/mL)Z FH7I3tE 3 4A7F F<t wjste] formazan®] 3
A& FEstla viA] @ MTT 42 AAg F 100 uL
DMSOZ FH7}5}e] formazang £38]A] 7] 2L 540 nmoj|A] &34
I=(EL800 Microplate Reader, Bio-Tek, Winnoski, VT, USA)S
=53t

o
Nl
Nl
Nl
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HUVECE 0.1% Aztgl oz FEA|Z] 48 well plateo] 5 x
10* cells/well 2 EF=gF & 24A17F 3} 10 ng/mL TNF-
a A5 F5E(100, 200, 400 pg/mL)= H7FeE 3 18417k
v st et St Fak wzst7] $fsf THP-1= 10 1
M BCECF-AM(2',7'-bis(2-carboxyethyl)-5(6)-carboxyfluorescein
acetoxymethyl ester)S 3H3-3= RPMI 1640 v x| oA 1A]7k
Fo vjgkstel EASHT EAHR S iRl THP-1L
PBS(pH 7.4)2 33] A& ste] A A3}t BCECF-AMO.2 ¥
A& THP-1& TNF-a 9 5 F&&°| M 2€ HUVEC]
H7BhT 1A17E B BF ST R b THP-1S
PBSGH 74)2 A&stel AASkch HUVECH] 22kt
TPH-1& Zx73 #o|# FAFAB|7(Carl-Zeiss, Oberkochen,
Germany)Z ©]-8-3to] 508} 9] vj&= ¥&3s}13 BDECFO
L= fluorescence microplate reader(Ex 485/Em 530)5 ©]
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5. RT-PCR 24
TNF-a 9 A} $&80| A28 HUVECE PBS(H 7.4)2
A 23}l Trizol reagent(Invitrogen, Calsbad, CA, USA)S AR5}
o] Total RNAE FE3%t}h RNase-free DNase I(Invitrogen) 2
2 Zg3t 2 pgol Total RNAS 23802 Improm-II™ Reverse
Transcription System(Promega, Medison, WI, USA)2- ©]83}4
cDNAE T35 2 ule] ¢cDNAE LA taq polymeraseS ©|-&
3t PCR W9 FHo =2 ARSIt Hwang-Bo 5 2012).
ICAM-1, VCAM-1& Z-FA1717] I3t primer H7| A E-S th
1} Z+c} ICAM-1 sense : 5'-AGGCCACCCCAGAGGACAAC-3;
ICAM-1 antisense 5’-CCCATTATGACTGCGGCTGCTA-3;
VCAM-1 sense : 5-CGTCTTGGTCAGCCCTTCCT-3"; VCAM-1
antisense : 5'-ACATTCATATACTCCCGCATCCTTC-3"; B-actin
sense : 5-ATGTTTGAGACCTTCAACAC-3"; [B-actin antisense :
5-CACGTCACACTTCATGATGG-3". PCR A2 1% agarose
gel& 0|83t 7] FESHRL ethidium bromide §H o2 g
Mgt & ultraviolet lightof|A] 28} PCR ARE9] band
intensity+= ImageJ(National Institutes of Health, Bethesda, MD,
USA) Z2IHS o]gste] A=stich

el
T

6. Western blot

TNF-a 9 A}5 $&8o| H2¥ HUVECE PBS(H 7.4)2
A|23}FaL complete protease inhibitor cocktail tablet(Roche, Nutley,
NJ, USA)& &-7-3= RIPA buffer(Pierce, Rockford, IL, USA)Z
GAIZL T 4TCoflA] 204271 4,000 pm o2 YHEE st} A|lZ
W d222S Shasigckvang Bo 5 2012), BUEFEE
9] %= RC/DC Bio-Rad assay kit(Bio-rad, Hercules, CA, USA)

-

-

=

ofN

S} - olel & - HAY - A4 =4 EFIYEIA

£ olgsto] el 5 FER ST
10% SDS-polyacrylamide gelollA] Z7]%9%3}3l nitrocellulose
membrane®]| transfergt 3 blocking 2HE8H(5% skim milk in
TBST(TBS with 0.5% Tween-20)) .2 147+ 9t kS| t}.
Nitrocellulose membrane-2- blocking $F&-8-Hof 1:1,0002.2 3]
A3} anti-ICAM-1, anti-VCAM-1 E= anti-B-actin(Cell Signaling
Technology, Danvers, MA, USA) YX}}HA| 2 HH-2-A]7] 22 TBST
=g ooz A3l T blocking YE=8-Mo]| 1:2,0000.2 3|4
gt o]x}&}A|(horseradish  peroxidase-conjugated anti-mouse or
anti-rabbit IgG; Santa Cruz Biotechnology, Dallas, TX, USA)Z |t
SAIZ]2L TBST $5-8H ez NAstqicy. Tl W= 315t
W537]| E(Enhanced  Chemiluminescence Pico Western blotting
detection kit; ThermoFisher Scientific Inc., Cambridge, MA, USA)
£ o]g3}o] Xy filmoll VIR 7 e WS
Image) ERIUE ol gete] etk
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7. MIZHHE LHO| ALOIEFIRI IL-6, IL-8 X HZTIL
MCP-1 24

HUVEC HjjoFl Ujof] £A3}l= Alo]E7}Ql interleukin-
6(IL-6), interleukin-8(IL-8) L A X7} monocyte chemotactic
protein 1(MCP-1)2 1A H Y E A H(enzyme-linked immuno-
sorbent assay; ELISA)2 2 E-X3}%tHZhou S 2007). HUVEC
£ 0.1% At o2 FEAZ] 48 well plateo]] 5 x 10* cells/well
= seedingdt & 24A]7F v 9FSEaL 10 ng/mL TNF-a & Ak 3
22100, 200, 400 pg/mL)& H7FSHT weFstATt 18417F By
F T AE wjgHE 3]4=3kaL IL-6, IL-8, MCP-1 7 of| ©]
L3t Al EuoF W IL-6, IL-8, MCP-12] ¢+ human
IL-6, IL-8, MCP-1 ELISA kit(ThermoFisher Scientific Inc.)E ©]
gotol 25Tt WA =D NP HFAS IL6,
IL-8, MCP-1 antibody”7} Z &% 96 well plateo] A 7}3}aL 4C
o| A overnight ¥F-3-A|F T} Washing buffer2 33] A3}l
100 pL 9] biotinylated IL-6, IL-8, MCP-1 antibody reagentS 3
7Fet 3 Aol 1A17E F2tF ¥HE-A 7] AL Al &SI 100 uL
9] streptavidin-HRP solutionS Z7}3}31 AF2of A 1A|7F St
HES-A17] & A A5 3 TMB(di(2-ethylhexyl)-2,4,5-trimethoxy
benzalmalonate) substrateE % 2]8tal 5~3087F HFSA]7] &
stop solution2 2] 2|3} 450 nmof| A ST =S 2A5HY] IL-6,
IL-8, MCP-19] &2 =A3}%ich

=
=

MEES AR @ 40|

3 5E-L Balb/c mice 4 FH-2 2 2 EHI] 2(Gyeonggi-
Do, Korea)of| A L¢Jste] ARGt B3 Aol Ai5A A
AT 5 YRS TIAUL FEAUAY AREAE L5
2341C, & 4565%, HelL 124)7F 27|12 A% 28 245
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Aok FEAES FIdisty HIEFEY9AddY 5 9. MESIIE, M0| "-’;‘-| 2F ol AO|E=
(KHUASP-15-09) o} =8st3ith. A4 4lol:= Research Aol HF T AlFS 3¢ vtk SR HF AFolA
DietsAHAIN-93G, D10012G Research Diets, New Brunswick, NJ, AZFNA A AFS T3 }OE] AE=Z71Fe 243199 A

USA), ZZF 2AHE Alo]= Research DietsAHPurified Diet to L7 29| HEFZ71FS e 7|7k AojAdHge gz
Match Paigen's Atherogenic Rodent Diet, D12336 Research Diets) Fo] ZF AdFE9 Ao)aE(food efficiency ratio, FER)S A
oA FHsHH. 5 FE= Tdhs LEYLHE 40] AFetAtHJung 5 2014).

= B4 2EYLEE Aol AF FE=9 Aol 3%,

w7t HES SAAZE AR FEES AT oA 10. BY HF L BYAHS B 5

TSN A ARG B Aol AFHAHE 4ol 3%, Aol B AFFTES 12417 5t "AA7|aL ke
6% A3 FEE°] H7HE AZHLEE Aol9 4L Table W3S T3l A2 Yt on A4 1A FAjE &
13} Zth S EARS 2 A0A 1397 A8A)7] AEEES A 4,000 rpmof| A 2027 YAIEE(Micro 17TR, Hanil Scientific,

Ab(normal, N), LZYAHE 4]o]Hhigh cholesterol diet, Kimpo, Korea)dte] L Agl1 B4 A7EA] - 80°C(Forma™

HCE), 3% A3 F25 3§ 1329 2HE 4 o]Z4(HC-3LE), 907, ThermoFisher Scientific Inc.)ol|A] E@3}HTE Ao & &
6% A5 228 3 TEY AHES 2o HHCLE) .2 Ur &) 2~ 8] E(Total-cholesterol), HDL-Z&|AH|E(high-density lipo-
I Aol AEFYAEE Aol AR FEE T LEEx protein cholesterol) 3! F-/d A|*triglycerite, TG) A2 OHHA]
HiE Aol2 637 Folste] 4B MM shck oSeoul, Korea)9] 3% ZAMg kitg olgdtel Z4atgich
Table. 1. Composition of experimental diet (Unit: g)
. Normal diet” High cholesterol diet” High cholesterol diet High cholesterol diet
Ingredients N) (HO) with 3% lettuce extract with 6% lettuce extract
(HC-3LE) (HC-6LE)
Casein, 30 mesh 200 75 75 75
L-Cystein 3 - - -
Soy protein 0 130 130 130
DL-Methionine 0 2 2 2
Corn starch 397 275 275 275
Maltodextrin 10 132 150 150 150
Sucrose 100 30 30 30
Cellulose, BW200 50 90 90 90
Soy bean oil 70 50 50 50
t-Butylhydroquinone 0.014 - - -
Cocoa buffer 0 75 75 75
Coconus oil, 76 0 35 35 35
Mineral mix S10001 35 35 35 35
Calcium carbonate 0 55 5.5 5.5
Sodium chloride 0 8 8 8
Potassium citrate 0 10 10 10
Vitamin mix V10001 10 10 10 10
Choline bitartrate 25 2 2 2
Cholesterol, USP 0 12.5 12.5 12.5
Sodium cholic acid 0 5 5 5
FD&C red dye #40 0 0.1 0.1 0.1
Lettuce extract - - 30 60
Total 1,000 1,000.1 1,030.1 1,060.1

D" AIN-93, D10012G Research Diets
? Purified Diet to Match Paigen's Atherogenic Rodent Diet, D12336 Research Diets
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LDL-ZH A H|E9] $2F2 [LDL-cholesterol =
HDL-ZH2HE -~ (FAAY5)]Y A2 o]&sto] ALtstitt
(Friedewald - 1972). /A dol A =84 1<F Bz Xt 2|4
0] S ASEX|4(atherogenic index, Al)}= (Total choesterol -
HDL cholesterol)/HDL cholesterol 2}(Friedewald 5 1972)2.2 #|
AFstal, A2 S X 4(cardiac risk factor, CRF)+= Total choleste-
rol/HDL cholesterol 4)(Friedewald 5 1972)¢] 2J5}o] AF&31Th.

T S LHE -

1. SAHEH &4

2 AN doj7 A RS AR V)5,
EAA Gold AAL Student's t-test B4 B PZro] 0.05 1]
T (P<0.05)Q] A5 SARHLR fosirta Hith

Za o pa
1. MF FES9Q NESM &0l
A3 FE2E AZEAE ERlstr] 93] HUVECS] A=
*Eéoﬂ nR= A5 FEEY I3 MIT 248 53 &<
19l ch(data not shown). 100, 200 pg/mLe] A3 2&Eo] Xz
A TNF-a (10 ng/mL) - + + + +
LE (ug/mL) - 100 200 400
c _ 1507 I ICAM-1
“ X I VCAM-1
—_
g § 100 A
S =
5 O 501
ohan
e
x
0 T
TNF-a (10 ng/mL) - + + + +
LE (ug/mL) — 0 100 200 400

o} - ole)E - PR - HA
H Az EES AT FEE0] AYHA &2 Y di=
ol v £ A2 Zpo]E HolA] ¢FQkal 400 ng/mLe] g5
FEEo] A" ME] HEEL 46%E Y 2T &
AFSFETE. 600 ng/mL ©]/g-2] *Jﬂz— %%%Ol A7re A2 *ﬂi
o BERL ¥E EHoR
& 400 ng/mL 5E7}X]+= HUVE
FFE A G AoE IQIEon 5 HUVEC£ o]-&35t
in vitro Aol A 100, 200, 400 ngmLe] A3 FE2ES AR
3712 AAstdt

2. MIEXACHIZI(CAM-1, VCAM-1)Q] sl ofX| S}
A5 FEEL o8t YA EA TNF-a7} =
ﬂiﬁﬁﬁﬁwﬂ dde] viA= 43 FEEe
¥t HUVECO] TNF-a(10 ng/mL) ¥ AH53
(100, 200, 400 pg/mL)& HE|BFL 1247k wiF F A=
4813 A -2k A [CAM-1, VCAM-19] $-37} 23
a2l 9hE-S RT-PCRY} Western blot E-4]-2 £3) 213519
th. ICAM-1, VCAM-19] 282 TNF-ao] 93] $7}81% 1

NzzEEol FA Aol B9 AAHUcHFi 1A, O).

T

ook

‘“lf“ m{w of
w2 toh e

|v

%

B TNF-a (10 ng/mL) - +  + + +
LE (ug/mL) — 0O 100 200 400
ICAM-1 - = - -
VCAM-1 —
B-actin | ———— e
D 15071 [ ICAM-1
5 B VCAM-1
o ® J
g £ i
55 501
O O
X £ |-T-
01— -
TNF-a (10ng/ml) — + + + +
LE (ug/mL) = 0 100 200 400

Fig. 1. Effect of lettuce extract on the expression of ICAM-1 and VCAM-1. (A, B) RT-PCR (A) and Western blot analysis

(B) were performed to determine the expression of ICAM-1 and VCAM-1 in HUVEC treated with lettuce extract (LE) in
the presence of TNF-a. (C, D) The transcript levels (C) and protein levels (D) of ICAM-1 and VCAM-1 obtained in three
independent experiments of (A) and (B) were quantified and are represented as bar diagrams. The levels of ICAM-1 and
VCAM-1 in the control (TNF-a-and lettuce extract-nontreated cells) were estimated as 100%.



Vol. 29, No. 6(2016) AE FE2EY FIF

o] AT 4EF2E
VCAM-1 Tz o] g
Aol Bergz ol
VCAM-19] ¥ %7} 2

26] TNF-ao] 93] Z7Fel= ICAM-1,
49 AR AL ofn|d. S
) GRS AZHATE ICAMH,
ololl we ME 7t H2t 2710] 2l

f9E 4~ 9 tHwang 5 1997; Utsumi 5 2007). whahA]
ICAMML, VCAM-19] HHlS B3t 02 ook A% 22

2o Foggole] w9 oBtE AMT S 9 Ao

7|

3. ETHHTINIZS CHITHZS B0l K= AlSS
E20| o8

AP A Eo A ICAM-1, VCAM-19] 2d 271 de
o] Wl Alze] Ratg Z7hAZIT dehyue) 23
2 9T AEE AZurgo] olF) tlagze BaE go

2 7

FAZ2 Z3tEo FHAHE FESHA QE}(Sima
. HUVEC] A|lZ¥zdtiid Hds A5k A
F&5°] HUVECS} T4t Aj29| R}
ujA)e kS 2ele}7]9)8) BCECR-AMO 2 EAH thal 7
-1 TNF-o(10 ng/mL) = A} 2ZE(100, 200, 400
ug/mL)o] A 2¥ HUVECe] H7Fstar 1A17F §<t 35
3t % HUVECH] 3218 THP-1 A2 F3an)4< Sa) 2
#5131 BDECFQ] 34 %=Z fluorescence microplate reader2
o]-45ko] ZH5HITE THP-1 A|E9} HUVECS] 2He TNF
ao &3 2A F7FetHL A FEE AYE AL 5=
o)lEH o g2 Hastlth(Fig 2). TNF-a7} 2 2]¥ 7% THP-1
AlEsk HUVECS] Hahe izl vl oF 221% 57}3}“
I 100, 200, 400 ng/mLo] A5 &0 A E %$ TNF-a
o] o8] Z7}® THP-1 A|E$ HUVECY] @x& 16.1%,
38.7%, 53.2% 72tk A5 2250 PNzt
W7 A | W oA S 50 ugmLe] FEolA oF 94%
= BEEY vEE F2E) w8 R3iA

g SR e $229 HESES o SAHATHLe

S 2009; Nam -5 2010).

4. 4EN MO|EFI0l U H|BIIRl0| WEN OIS A%
820 o8

9Fe U 228 AEA GFH Al E7HIpro-
inflammatory cytokines) T AEAEL] H= L Gl F
S £5S FUSHE o2 defd Amsielchemoking)

MCP-1(monocyte chemoattachment protein-1)2] ¥F& o] w]x]&=
A3EE0] 9T B3] $18) TNFa(10 ngimL) B 4

0:

2 2Z2(100, 200, 400 pg/mL)o] xma HUVECE 124]7}
Zo} wjoFsta H]EHH‘* w22 3|43+ = IL-6, IL-8, MCP-1
o] Fere FAHGEAH o7 243Gt TNF-ax 1L-62]

2 o 2 AdA} A 523 1003

A

B 350 1
300 1
250 1
200 A
150 1
100 1
50 1
0 .

TNF-a (10 ng/mL) = + + + +
LE (ug/mL) - 0 100 200 400

*%

*%

Monocyte adhesion
(% of control)

Fig. 2. Effect of lettuce extract on adhesion of THP-1 cells
to HUVEC. (A) Fluorescent microscope images of adhesion
of THP-1 cells to HUVEC treated with TNF-a. a, TNF-a- and
lettuce extract-nontreated control; b, TNF-a-treated cells; c,
TNF-a- and 100 pg/mL lettuce extract-treated cells; d, TNF-a-
and 200 pg/mL lettuce extract-treated cells; e, TNF-a- and
400 pg/mL lettuce extract-treated cells. (white bar = 200 pm)
(B) Fluorescence intensity was measured by fluorescence
microplate reader (Ex 485/Em 530). Values represent the
mean+S.D. of three independent experiments. Student's z-test
was used for comparison between non-treated control and

treated groups (P<0.01, ~P<0.001).

RS oF 494 S7HAZ AL 100, 200, 400 pg/mLe} A5

EE°] A FS TNF-ao] &3t 169 AP 4.3%,
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22.7%, 25.3% A5t th(Fig. 3A). TNF-ao] 23 IL-82] A
22 ok 5.5u) Z7F5HAIL 100, 200, 400 pg/mLe] AF3 3%
Zo] Ae® A TNFao] o3t IL-8] AL 57%, 67.4%
72.6% 243t 9rkFig 3B). TNF-ao 93} R=EE 954
APOIEF 16 B IL8] 45 F52] 9g 2@ oA &
THe s 2 FAE 55 AU A0 deizl 55
Wehe FEET GARHITHLee 5 2009). EG TNFa:
MCP-19] 448 oF 28] Z7HAZIL 100, 200 pg/mle] AR5
2220] AeE A TNF-ao] O3k MCP-19] AL 19%,
46.8% 2231 ArkFig. 4). 400 pgmL9] A% FEZo] X
) 39 MCP-1& 223 SASH 2Asteet o Auke
R 9% 242 B3 G54 Aol L A

o _%‘EEO =
mrlele] WAL AR A oulsit,

3} - o) -

[e)

Ul

HERERDBEE

of
o

A4 - A

8,000 7] k%
7,000 i
6,000 A =
5,000 1
4,000 A *
3,000 1
2,000 1
1,000 A
O T T T T T

TNF-a (10 ng/mL) — + + + +
LE (pg/mL) — 0 100 200 400

MCP-1 (pg/ml)

Fig. 4. Effect of lettuce extract on the production of
chemokine MCP-1. The production of MCP-1 in medium
fraction of HUVEC treated with TNF-a and lettuce extract
was measured by ELISA. Values represent the mean%S.D.
of three independent experiments. Student's z-test was used
for comparison between non-treated control and treated
groups ("P<0.05, "P<0.01, ""P<0.001).

5 MSE7HE, AMolgFE A AMo[e=

AFY LEHE AolE B 3%, 6% 5 FEES TR0t
EHLHE Aol Balb/e mice2] A|FF7H, Aol FHF
At LS LEHE L AT FE2EC AT AT Wt
Al0] TEE SAAFHTHTable 2). A Alo] Nz 127
2HE 4]o] HCHY AEF71HFS 0.081+0.027, 0.085+0.020
gday2 2| 2Ql 2to]7} QIglet. T3 3%, 6% 5 FEE0]
H7he 2EE2EE Aol HC-3LE, HC-6LES] AE571%

Ol

Lol

ot
Y

w2 o K

Table 2. Body weight gain, food intake and feed efficiency
ratio (FER) in mice fed with high cholesterol diets for 6 weeks

A 40 1
E % = A
(@]
£ 20
©
_
= 10
0 T T T T T
TNF-a (10 ng/mL) - + + + +
LE (ug/mL) - 0 100 200 400
B 2,500 1 o
= 2,000 L
£
2 1500
® 1,000 1 o
=| —p—
500 1
0 T T T T T
TNF-a (10 ng/mL) - + + + +
LE (ug/mL) = 0 100 200 400

Fig. 3. Effect of lettuce extract on the production of
proinflammatory cytokine IL-6 and IL-8. (A, B) The
production of IL-6 (A) and IL-8 (B) in medium fraction of
HUVEC treated with TNF-a and lettuce extract was
measured by ELISA. Values represent the mean+S.D. of
three independent experiments. Student's #-test was used for
comparison between non-treated control and treated groups
("P<0.01, " P<0.001).

Body weight gain”  Food intake

orowp ! (g/day) FERY

NY 0.081+0.027 2.3540.11 0.034+0.011
HC? 0.085+0.020 2.29+0.19 0.0370.009
HC-3LE” 0.087+0.035 27240137 0.032+0.013
HC-6LE? 0.084+0.032 2.69+0.177"  0.031£0.012
Y Body weight gain: (final body weight - initial body weigh)/42

(g/day)

2 FER: feed efficiency ratio (body weight gain/food intake)

% N: mice fed a normal diet

“ HC: mice fed a high cholesterol diet

% HC-3LE: mice fed a high cholesterol diet with 3% lettuce extract
8 HC-3LE: mice fed a high cholesterol diet with 6% lettuce extract
Values represent the mean+S.D.

e

P<0.001 compared with the HC group
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2 0.087+0.035, 0.08440.032 g/day= AAF Alo] N+ 2 11ZH)
2E|E Ao] HCZT} W waE 1] 2122 ZolS Holx]
stk ol MEHLEE Aol By Aolet vwIAL
u) AFF7NF 2 HolB HolA gtk 712 st
HAFet Antolw(Park 5 2007; Jung 5 2014) 3%, 6% A5 3
289 Ao/t AF o] T FFS vIXA) Yk A
ofu)gich. B 2EE Ao] HOZ] AloJHHFL 2294019
glday2 HAF 2]o] N2.35:0.11 g/day)ol] B]3) k7t ZHashe
ok 3% 6% A% 2EZo| WrlY uFU2EE Hol?
HC-3LE, HC-6LE®Q] 4] o)A gk 2.7240.13, 2.69+0.17 g/day=
B Aol L nBALHE Aol wls) fAHOR F7H
SHATHP0.001). FA AlolZ W DBHLEE Ko, 3%,
6% A% 2&Eo] W7hE nBA2EE Aol Aolng
2 0.034, 0.037, 0.032, 0.031 2 SAFSIH T oAt Aat= AF
% #280] Aol HAFS B FAAIE ST A
3371 2 o] Ego] $9H2 Rol7t glo] nB LAY
£ Hojoll A7HE A% F2Bo| AF Wst A Kolo] 2
F& uXA gk 22 oujd

. 239 XA
AN

6
A oI T, TBALHE HoIF U e 6% 47 FEE

< Fske LEFYAHE 4o Balb/c miced] X F F
ZY 24 E, $4A4, HDL-Z3AHE, LDL-ZY A H E2
AFE SHsH S FE2EC| LZHLHEE S A=
B IS THTable 3). @Y LDL-ZHAHE Y
F7he WreWdd S AHEY 54 4 FHAHINE §
ettt HDL-SAHES U222 9 d@do) 225 =
gaHES AEASEY @5 SHLHEY de ASHAA
FHAS A E oA &S X UTHTall AR 1990; White
S 2015; Bhatt & Rohatgi 2016). ILZdAEHE 4lo]7 HCY

ZY2HE FFL 240.3423.6 mg/dLo| Qo] FAF 2o

Al o

N(120.1£17.1 mg/dL)of| ]3] 2F 200% F7}8kct. ol L
2 E 2]o]2 657 T3 Balb/e miced| A TZFHA
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Fol BA3HLE FEEHUTHE AS Yugth 3%,
% 45 FEE°] Hrhd 1ZY2HE 4ol HC3LE,
HC-6LEQ] % ZHAHS F2 211.2425.9, 174.3£26.3 mg
/Lol Qi) ol AFHAHE Aolo Y&l FENE EF
W F SE2EE ol 3%, 6% 45 FEE! sl 24.2%,
55% A= Uthe A oulgich A4 Alo] Nitat aZd| A
£ 2Jo] HCZC] X 24X o] e 87.7+13.4, 784+17.3
mg/dLo|aL AZHAHE Aolof &3 SR ol
oFt sk ALE UBPHAIT £33 Zpol= HolA|
AT o] Bif= AFFAHE 2ol B4 Aol o7 F
QA o] §-oAQl Zpolg HolA] gdthe= 71EY
AL AT} G A Ao]thlee & Choi 2000; Jung 5 2014).
3%, 6% 3 FEE°] A7HE 1ZYAHE A]o] HC3LE,
HC-6LE®] ZA A8} gHeke 73.7+15.8, 77.1+17.2 mg/dLo]§]
I DZHAEHE Aol HCO vl stES o] 222l Zpo]
£ Hol|A| sttt 1FEAHE 4lo] HCHY €% HDL-Z
g2EE FFE 57.7£5.6 mgdlo|lar B4 Aol Nt
(82.1+8.8 mg/dL)ol| H] 3l 29.7% A3} 3%, 6% AFE 3=
EE5°| F7te 1ZY2HE 4lo]# HC-3LE, HC-6LEC]
HDL-Zd| A H| 2 k2 62.9+4.8, 70.3+10.6 mg/dLo| QT I
Z|&HE Aol HCO v wstRe o fodeg F71st
At ol LI AHE 2olof Yo FAHUE EF W
HDL-Ze| 2HE gHgol 3%, 6% dFFEE 9 21.3%,
48.4% F7HE At AS Yuigtth. AEY2EHE Ao+
HC®] LDL-Z| 282 32 166.9+25.1 mgdLo]gom 3
& Aol N(20.4+18.6 mg/dL)o] H]sl oF 8ul F7F5tAT
3%, 6% T80 F7HE 1ZY|2EHE 4lo]+ HC3LE,
HC-6LE®] LDL-ZdXAHE IFLE 133.6+26.5, 88.6+32.9
mg/dLo| 3L o= LI AHE Ao o T &
% W LDL-Z2|2HE ol 3%, 6% 45 2= 93l
22.7%, 53.4% HAE U= AL Yuigth oY AnE
Bl A FEE0 5 T ZU2HES FYFoE A

AFor| HDL-S¥ 2882 §3& 37h473 LDL-24

Table 3. Effects of lettuce extract on serum lipid parameters in hypercholesterolemic mice fed with high cholesterol diets

(Unit: mg/dL)

Group Total-cholesterol Triglyceride HDL-~cholesterol LDL-cholesterol
N 120.1+17.1 87.7+13.4 82.1+ 8.8 20.4+18.6
HC 240.3+23.6™ 78.4+17.3 577+ 5.6 166.9+25.1"
HC-3LE 21124259 73.7+15.8 629+ 4.8 133.6426.5"
HC-6LE 174.3426.3™ 77.1+17.2 70.3+10.6" 88.6+32.9"

Values represent the meantS.D.

P<0.001 compared with the N group
"P<0.05, "P<0.01 compared with the HC group
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AHEHA A FES Uehlls X9 FHAEAS: ¢
=Ry, éﬂ |5 A4 Aol N, LFHAEHE 4lo] HCH,
3%, 6% A5 FEE0] A7bd RBY2HE 4o] HO3LE,
HC-6LEo| 4] 4F&581{tHTable 4). W E A= LEH &
H|E A]o] HCH(3.19+0.53)0]| 4] 84 A]o] NoH0.47+0.23)] H]
3 o5l S7HE ATHP<0.001). Y/dollAl 3 o)de] 97
A= FHAESe AFATE o AX]H(Rosenfeld L 1989)
2 dAtolA] ZFHAEE Aolof o3 FHAE3] Yol
etk 2 Yufeith 3%, 6% 45 280 A7k 132
G AEE 2A]o]i HC-3LE, HC-6LES] EWAZ A4 236+
0.38, 1.5340.560| 1L TZYAEHE 4lo]o] H|5| Fode=
A2 EHP<0.01). ALZH AHE 4lo] HCHH2] A H/AFA
T 4.1940.530| AL AF Alo] N (1.47+0.23)0f| H]3l| §-25}
Al S7H= ATHP<0.001). 3%, 6% 5 F+=&°] H7H 12E29
2H|E 2Jo]& HC-3LE, HC-6LE®] AETAZ A=
3.36+0.38, 2.5340.560]3 1 LEHAHE 2lo|7o] H|F] &2
Aoz ZASHATHP0.01). oo A= AdHA Ae
AA = dhof| o] §El= FHH SR *‘@ﬂ%ﬁxﬁﬂ <

% 3289 Aolo 3] FoIshA Fasith 2 oJulat
A% 320 8% AAWNE AAlste] Mgﬂrﬂl A 9]
L AN T Qe Ao o

2 o

B dFoMes A5 280 uuAZY gSusl
oAe 9% 9 AZAL i B3-S ER15H7] f1s) HUVEC
< o1&%t invitro A R TEHXEEEF RIS o] 8T
SEAEE YT A5 FE22 HUVECOA TNF-a9
N 57 }H% A2 2 d ICAM-1, VCAM-19] &g
TNF-ao] 93} £215= HUVECS} @37 Al
%.iklﬁt} EZ AF FEES TNF-ad] 93 5
%_ Afo| E7FQ IL-6, IL-8 ! S 3} i Alm

LYol TFYLEE HolE R A% 35
2] H7he E%Hlf\tﬂli Holze] AFZ71F L Mol
5 FOIA HolE ol ek nFA2AE ol
2E|E S A Aol wls) 24 27
532 Eo| WA NEYLHE Hoj2e Bdlx
FFe fYHoR gastdt 1B 2gE ol
F FHAY TS A Aolzol s o FasteaA
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Table 4. Effects of lettuce extract on atherogenic index
(AD) and cardiac risk factor (CRF) in hypercholesterolemic
mice fed with high cholesterol diets

Group Al CRF
N 0.47+0.23 1.47+0.23
HC 3.19+0.53™ 4.19+0.53"
HC-3LE 2.36+0.38™ 3.36+0.38"
HC-6LE 1.53+0.56™ 2.53+0.56"

Values represent the mean+S.D.

P<0.001 compared with the N group
*P<0.01 compared with the HC group

do
12

29l atols Kol gl A5 FE80] ke 1
HE Aol B¢ 8F S dF2 129 2H
olZ H WAL W) FH 2 2fo] S HolA| gk
282 4olie] HDL-Zd| 2818 T A4 4olE
13l Fa3HRAIL A5 FEE0] H7HE A HDL-2d &
g TFE AZHAEE AolZol vlE foH o Frtst
At LDL%EﬂéEﬂ% FFE LY 2HE AolZelA 2
A 7Pt A5 28l Z47P 75 gtk 8%
9 E““ﬁﬁ}xlr 4 HEHA = ifiﬂ’\EﬂE Aol A
Ay o) o] H|F] GojHoz —7}0}%1“' I FEE0
H7he ngLEE AololA fofdt gas vehi gt
oo AFAT= A FEE0 fﬂmﬂﬂkﬂ o 45
< AIste] FHAZS WAT 5 YL T A-AAR A
A B5TE 2ol e % %ﬂ—’i?ﬂﬁ} HEwdE 9
Wt A ge] a7t Yvke AL on|gith

El

[
Ef”*“ﬁl?

4 2

2 %

ZALe| 2

2 AT 27198004 A sh= 20159 % AStAE Y
71&7HEEAFI(No. C0330861)2] AF4doz 91st A=z
olo] ZAt=HUth

References

Bhatt A, Rohatgi A. 2016. HDL Cholesterol efflux capacity:
cardiovascular risk factor and potential therapeutic target.
Curr Atheroscler Rep 18:2

Chang TY, Chang CC, Ohgami N, Yamauchi Y. 2006. Cholesterol
sensing, trafficking, and esterification. Annu Rev Cell Dev
Biol 22:129-157

Chang TY, Li BL, Chang CC, Urano Y. 2009. Acyl-coenzyme

A:cholesterol acyltransferases. Am J Physiol Endocrinol



Vol. 29, No. 6(2016) <
Metab 297:E1-9

Durstine JL, Haskell WL. 1994. Effects of exercise training on
plasma lipids and lipoproteins. Exerc Sport Sci Rev 22:477-522

Ellulu MS, Patimah I, Khaza'ai H, Rahmat A, Abed Y, Ali F. 2016.
Atherosclerotic cardiovascular disease: a review of initiators
and protective factors. Inflammopharmacology 24:1-10

Friedewald WT, Levy RI, Fredrickson DS. 1972. Estimation of
the concentration of low-density lipoprotein cholesterol in
plasma, without use of the preparative ultracentrifuge. Clin
Chem 18:499-502

Hwang SJ, Ballantyne CM, Sharrett AR, Smith LC, Davis CE, Gotto
AM Jr, Boerwinkle E. 1997. Circulating adhesion molecules
VCAM-1, ICAM-1, and E-selectin in carotid atherosclerosis and
incident coronary heart disease cases: the atherosclerosis risk in
communities (ARIC) study. Circulation 96:4219-4225

Hwang-Bo J, Yoo KH, Park JH, Jeong HS, Chung IS. 2012.
Recombinant canstatin inhibits angiopoietin-1-induced ang-
iogenesis and lymphangiogenesis. /nt J Cancer 131:298-309

Ikonen E. 2008. Cellular cholesterol trafficking and compart-
mentalization. Nat Rev Mol Cell Biol 9:125-138

Jang TO, Bang MH, Song MC, Hong YH, Kim JY, Chung DK,
Jang T, Kwon BM, Kim YK, Lee HS, Kim IH, Baek NI
2003. Development of biologically active compound from
edible plant sources - V. Phytol ACAT (acyl-CoA: cholesterol
acyltransferase) inhibitory diterpenoid from the leaves of
Lactuca sativa L. J Korean Soc Agric Chem Biotechnol
46:66-68

Jung EB, Shin MK. 1990. Hyang Yak Dae Sa Jun, Young Lim
Sa, Seoul, Korea, pp. 1060

Jung MA, Cho SH, Lee SY, Kim, JH, Oh K, Kim YS, Yoo GS,
Lee, DW, Kim S. 2014. Effects of unripe Rubus coreanus
miquel extract on improvement of lipid metabolism in
C57BL/6 mice fed a high-cholesterol diet. J Korean Soc
Food Sci Nutr 43:650-655

Lee CH, Yi HS, Kim JE, Heo SK, Cha CM, Won CW, Park
SD. 2009. Anti-oxidative and anti-inflammatory effect of
fractionated extracts of Smilacis glabrae rhizoma in human
umbilical vein endothelial cell. Kor J Herbology 24:39-50

Lee E, Choi MY. 2000. Effect of pine needle on lipid
composition and TBARS in rat fed high cholesterol. Korean
J Food Sci Technol 32:1186-1190

Ma J, Liu W, Yan X, Wang Q, Zhao Q, Xue Y, Ren H, Wu
L, Cheng Y, Li S, Miao L, Yao L, Zhang J. 2012. Inhibition

of endothelial cell proliferation and tumor angiogenesis by

28 R AW AN w3t 1007

up-regulating NDRG2 expression in breast cancer cells.
PLoS One 7:€32368

McKenney JM. 2001. Lipid management: tools for getting to the
goal. Am J Manag Care 7:S299-306

Nam MH, Lee HS, Hong CO, Koo YC, Seomun Y, Lee KW. 2010.
Preventive effects of Rosa rugosa root extract on advanced
glycation end product-induced endothelial dysfunction. Korean
J Food Sci Technol 43:210-216

Park SH, Jang MJ, Hong JH, Rhee SJ, Choi KH, Park MR.
2007. Effects of mulberry leaf extract feeding on lipid status
of rats fed high cholesterol diets. J Korean Soc Food Sci
Nutr 36:43-50

Park YS, Kang SS, Choi HJ, Yang SJ, Shon HH, Seo HH, Jeong
IJM. 2014. Effect of mulberry (Morus alba L.) extract on
blood flow improvement. J Korean Soc Food Sci Nutr
43:498-506

Ren YL, Zhou YW, Ye YH. 2004. Chemical components of
Lactuca and their bioactivites. Acta Pharmaceutica Sinica
39:954-960

Rosenfeld L. 1989. Lipoprotein Analysis: Early Methods in the
Diagnosis of Atherosclerosis. Arch Pathol Lab Med 113:
1101-1110

Sima AV, Stancu CS, Simionescu M. 2009. Vascular endothelium
in atherosclerosis. Cell Tissue Res 335:191-203

Tall AR. 1990. Plasma high density lipoproteins: metabolism and
relationship to atherogenesis. J Clin Invest 86:379-384

Utsumi K, Kawabe M, Hirama A, Ueda K, Kamada Y, Arii K,
Komaba Y, Katsura K, lino Y, Katayama Y. 2007. Effects
of selective LDL apheresis on plasma concentrations of
ICAM-1, VCAM-1 and P-selectin in diabetic patients with
arteriosclerosis obliterans and receiving maintenance hemo-
dialysis. Clin Chim Acta 377:198-200

White CR, Goldberg DI, Anantharamaiah GM. 2015. Recent
developments in modulating atherogenic lipoproteins. Curr
Opin Lipidol 26:369-375

Zhou Y, Ling EA, Dheen ST. 2007. Dexamethasone suppresses
monocyte chemoattractant protein-1 production via mitogen
activated protein kinase phosphatase-1 dependent inhibition
of Jun N-terminal kinase and p38 mitogen-activated protein

kinase in activated rat microglia. J Neurochem 102:667-678

Received 18 October, 2016
Revised 28 November, 2016
Accepted 13 December, 2016



