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Lettuce (Lactuca sativa L.) is one of the most popular green leafy vegetables, and it contains various
beneficial components including polyphenolic compounds and has been known to possess various bio-
logical functions such as anti-microbial, anti-oxidative, and anti-inflammatory activities. In the present
study, we prepared ethanol extract of dried lettuce (DLE) and investigated its anti-inflammatory
activity. To evaluate the anti-inflammatory activity of DLE, nitric oxide (NO) production was meas-
ured in LPS-activated mouse macrophage RAW 264.7 cells. DLE significantly suppressed NO pro-
duction in these cells without affecting cell viabilities while resveratrol was used as a positive control.
DLE dramatically decreased the expression of pro-inflammatory genes such as iNOS and COX-2 at
the mRNA and protein levels and reduced the expression of several cytokines including IL-1a, IL-15
IL-1F6, TNF-a, CSF2 and CXCLI10. In addition, DLE suppressed phosphorylation of MAPKs and the
nuclear translocation of NF-kB p65 indicating DLE shows its anti-inflammatory activity via regulating
MAPKs pathway and NF-kB pathways. And also, DLE reduced the production of reactive oxygen spe-
cies in a dose-dependent manner. DLE increased HO-1 protein expression, and also increased the nu-
clear translocation of Nrf2. Overall, our results suggest that lettuce down-regulate various pro-inflam-
matory genes and have its anti-inflammatory activity via regulating MAPKs, NF-kB, and Nrf2/HO-1

pathways.

Key words : Anti-inflammation, Lactuca sativa, MAPK, NF-xB, Nrf2/HO-1

£ ARG FRE ol A2 F9 shtolnH, 18] Telu,
G4 Fe w4 93 9, BAY, 934 bowel 4B 22
o : 1

A=ro] o] Fo] A, interleukin-13Y tumor necrosis factor-a
9 2 GF % Al E7HIF nitric oxide (NO)T = #HI 3
ol A F8F 4TS i1l 13]. NO

B T #d A3 WA #Ho] JoH, NOe
FE 54 nitric oxide synthase (INOS)ll 9] =l A 4F=m,
iNOS9] &2 nuclear factor kappa B (NF-kB)9} 22 # A}

*Corresponding author

Tel : +82-54-820-5798, Fax : +82-54-820-7705

E-mail : jsk@anu.ac.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.

ARlA ofs) 242 4 AATH10, 16]. 43+ N
408 o]Fste] iNOS, COX-2, TNF-a ¢ 22 ¢
A wE S 2APTHS, 14]. B, AN Z] 3
2101 A mitogen-activated protein kinases (MAPKs) 7% &
= 843 Hol @Fubgel #HAdT, 5.
Hemeoxygenase-1 (HO-1) 3872+ @5 A=l o3t
AAN2A AR Nrf2e] ojs) 3ol 2HAT21]. 5, &4
B Nf2E #4202 o]%535te HO-13% 2-& ARE (antioxidant
response element)-zA FHAAESY LdS AT, 15].
webA, HEnkgo #HE NS E4E targeting 3t S
G 24s 7L e 25 st oA T8

sttt Azhdd.
3

2 o & W

S SR B s S

£ ;
T o

B

re

r2

4

=2

>



326 BBULRIX| 2019, Vol. 29. No. 3

o
o

™~
o
N
=
o
[0s)
o
3
lo
ue
oft
)
PN
A
il

= 7T%

g3t Az YT AZ 459 ethanol FEE ZA S 9
3 Az 452 50-100 mesh® E43to] F2of A 319
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Reverse-Transcription Polymerase Chain Reaction
A ZFZHE total RNA F2E2 RNeasy mini kit (Qiagen,
Valencia, CA, USA)E o] &3] Al 2ALY] vl 7ol uhe} 43

Table 1. Sequences of oligonucleotide primers used for reverse-transcription PCR

Gene Name GeneBank Acc No. Sequences
s NN 0105273 R - 5.GOGAGTAGCCTGTGTACACCIGGAR S
e NN 10534 R - 5.CCCOACGAGTAGGCATACATC.Y
e NMLO194303 R - 5.GOCCTITGCACTCCCATCTAS
e NN 136503 R - 5.CCGACTCUCAAAGTCTAAGY
e NNL212742 R - 5-ATICICACTGGCCCTCATCS
GAPDH NM_ 008084 4 ; 1 5-TGCACCACCAACTGCTTA-Y

1 5-GGATGCAGGGATGATGTT-Y




Atk 24 AEF2HEH FZE3 total RNA 3 nge
PrimeScript™ RT-PCR kit (TaKaRa, Japan)Z ©] &3t ¢DNA
€ A PCRE F4H cDNAS FIHOE 3t 7
A7 ol FQ oligo primerE &3t F 3}t PCRO]
A48 primere Table 1% Z9™ Bioneer At(Korea)$t
Macrogen AH(Korea)oll A 7%} 3} %1 th. PCR2 TaKaRa Ex Taq
(TaKaRa)< ©] &3to] 33 om, PCR g2 94T A 5
£} denaturationdt 3l 94T ol A 302, ©] §-¥€ primer®] A4
LA 30%, 72Tl A 3029 cyces 273 A& WHES F,
npA gt o 2 72T A 1087 extensiondt % tF. PCR product
© 1.5% agarose gelol A 7719 % 31l ethidium bromide
(EtBr, Bioneer, Korea)2 @43} gel image analysis system

(Corebio, Korea)e ©l-&3to] Azl Zgsgict.

TR

Western Blot Analysis
o}--22 2] A RAW 2647 M ZFE 60 mm dishol HF
g 5 19417 2k wgE &, 02 pg/ml =9 LPSE A 35t
04 AFuE S frEstdth E59E 5 W &, 45 F
S Agsta oA 6/‘]7} Hjokgt § AxE FE39 .
MAPKSQ}‘ phospho-MAPKs @4, NF-xB¢} phospho-NF-k
B &l Ao 7%, oLZI‘—Z%%—% serum free media®l & 3t3}od]
A3k 4A7F F, LPSE 10 ng/mle] =2 308 5ok A2
sto] AEZE /\ﬁo}?&‘:} g Axe 45 ol &sto Al
Xg5E AAANZ F 10X RIPA buffer (Cell signaling,
Beverly, MA, USA)E 4H] 3]43te] A& & ¥ sonication 3}
% Th. Sonication # cell lysatew 15% %t 3,000 rpmel A €4
ety A4S A3 H 20Tl EaAsty AFo A3t
At} & FZ-& Nuclear Extract kit (Active Motif, Carlsbad,
CA, USA)E ol &ste] AlzAte] wiwdd wa} sl
ol A 2L Bradford assay (Bio-Rad, Hercules, CA, USA)
B o] &stdt B AZAA A" A F iNOS,
COX-2, HO-1, p38, p-p38, Erkl/2. p-Erkl/2, ]NK, p-JNK,
NF-kB p65, NF-kB p-p65ell t3+ &A= =7 Cell signalingt
(USA)A A T34 21, Nrf2, Actin, Lamin A/C &A1&} 2
2t A= 25 Santa Cruz AH(Santa Cruz, CA, USA)Z 5-H
Y3kt

Reactive oxygen species (ROS) &3

A 228 93 ROS At B = e 05_%'6‘}71
ate] mh-$- 2 A A E RAW 264.7 A 50
oq ROSS 2L F53 & DCF-DA assayS 384

, RAW 2647 A& Black 96 well plate?] 7 well®]
2x10 M HEI 1947 59k v k3t 3, LPS (Sigma, USA)
£ 02 ng/mle] FE2 1A F< A ohl, BF FE
TE 9 AYsto] 16/ B¢ v o] A
95 ZF AAG F DCF-DA (Sigma, USA)E 25 1M &

ft o o

=]

=
H
=

Journal of Life Science 2019, Vol. 29. No. 3 327

phenol-free DMEM (Gibco, USA)l| 843} 4583t Al £F
of Aejdet. oAl wgdE ZF AASIL phenol-free
DMEME A Z2Fo] £33 5 1087 t)7] &, Tecan Infinite
F200 pro plate reader (Austria)E AH8-3t4 excitation: 510
nm, emission: 595 nmol A SFEE =AY T ROSY =4
< SHAA 37 wellll A FYF A oM, A £4L Sigma

plot= ©]-3t% mean +SD 2.2 YERAT

B0 p ghol 005 umm 0 f4l Ao Bea
et
29 o 1
UZ 4% e £52 M2V B2 NO MY oF L A
ZYES 2

%% & (DLE, ethanol extracts of dried
lettuce)©] LPSE &4 3} RAW 264.7 Al 2] A nitric oxide
(NO) Aatst M EA%e vAEs Y& AT3AT LPS2E
23 E RAW 264.7 Al £F0l] 025,05 121 1.0 mg/ml®]
DLE AR5 27} A 2])t 23, DLEY o8) g=oE4 o=
NO9| Ago] Hashes Ae &UstiAth(Fig 1A). 34, ¥4
Hz72A 48 AxF ZdoA NO A4e dAst= A
o2 4R Y 2HZHEE (resveratrol, RES)S AH&3tATh
[19]. 2813, AEANEE 54 A3t 42§ DLESH RES7}H Al
NEGE 2 GFL 74 e A2 245 HFig 1)
UJrE‘rH DLEE LPSE A=° RAW 2647 M Z oA N E =54

S YehfiA 4o, sE&H 02 NO9 A< Asfst
o] HlE o2 o]F A& DLEY HE 55 1 mg/mlE
skl ddstoin.

43 oet-& FZE(DLE)Y 9 pro-inflammatory
A1 INOSSF COX-29] fraztbel v do] By RS

Ptk @5 A TS B4 s LPsE %“4
318 RAW 264.7 A 259 1 mg/ml®] DLEE A2 &

=& 3 Atk (Fig. 2A). 1 A3, iINOS} COX-2 F 41}
o &do] DLEY ofsf A SHA A B, A 7=
AH8-3 resveratrolel &3 A= iNOS fraate] Wao] of7t
Zase A& U39 Fig. 2B A 2 ule} 2o] iNOS

AZ M 520 93 B5 REN U DD U A4
=z

9} COX-2 & Ao B S BA3 A A &3 W3
o} frARgE JJr% 7% iNOS

Bo 9t &, DLEE A
3 stk E8 DLE



328 BBULRIX| 2019, Vol. 29. No. 3

A 304 B 120
-
254 100 =
T T
T -
-
sehek

20 = 80
= g
= <
2 Z
o 154 Aok o €01
= T 8
= S
= T

o
104 ook 40
sk
54 2 1
0 T T T T T T 0 T T T T T
LPS RES 025 05 10 025 05 1
VEH LPS RES
DLE (mg/m) DLE (mg/ml)

Fig. 1. Effects of Dry-Lettuce ethanol extract (DLE) on nitric oxide (NO) production and cell viability in LPS-stimulated RAW 264.7
macrophage. RAW 264.7 cells were plated 2x10° cells/well in a 96-well plate and incubated with different concentrations
(0.25, 0.5 and 1.0 mg/ml) of DLE for 16 hr. After treatment, (A) NO production was measured by NO production assay.
(B) Cell viability was measured by using MTS proliferation assay kit. [LPS: 0.2 pg/ml, RES: 50 uM resveratrol]. Values indicate
means = SD (n=4). **p<0.001 vs LPS.
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Fig. 2. Down-regulation of pro-inflammatory mediators such as iNOS and COX-2 genes by the treatment of DLE. RAW 264.7 cells
were treated with 1.0 mg/ml DLE for 6 hr. Subsequently, total RNAs and cell lysates were prepared from treated cells.
(A) Total RNA was used to perform the reverse-transcription PCR with iNOS and COX-2 gene specific primers. (B) Western
blot was carried out by using iNOS, COX-2 and ACTIN antibodies. (C) The reverse-transcription PCR was done using various
cytokine gene-specific primers.
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Fig. 3. Inhibition of phosphorylation of MAPKs and the nuclear translocation of NF-kB by DLE treatment. RAW 264.7 cells were
pre-treated with 1.0 mg/ml DLE for 4 hr and then stimulated with LPS (1 ug/ml) for 30 min. (A) Western blot was carried
out by using p38, phospho-p38, ERK, phospho-ERK, JNK, phospho-J]NK and ACTIN antibodies. (B) Western blot analysis
was performed by using NF-kB p65, phospho-NF-kB p65, Lamin A/C, and Actin antibodies.
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Fig. 4. ROS scavenging effects of DLE and up-regulation of HO-1 via increased nuclear translocation of Nrf2 by DLE treatment.
RAW 264.7 cells were plated 2x10° cells/well in a 96-well plate and incubated with different concentrations (0.25, 0.5 and
1.0 mg/ml) of DLE for 16 hr. (A) ROS production was measured by DCF-DA assay. Values indicate means + SD (n=4).
*p<0.05, **p<0.01, **p<0.001 vs LPS. (B) And, cell viability was measured by using MTS proliferation assay kit. (C) RAW
264.7 cells were treated with 1.0 mg/ml DLE for 6 hr. Subsequently, cell lysates were prepared and subjected to western
blot analysis by using HO-1 and Actin antibodies. (D) Nuclear extracts were prepared and then Western blot analysis was
carried out by using Nrf2 and Lamin A/C antibodies.
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AFE M AssE 54 Y4 F sttt AFe EYdEL dFES HESG OgFd 4RSS R
lom, &, e, FES S AP2HE AL Y AR A . & AT AxdFY A
& F2Z(DLE)2 Alzdtal o] 59 &dF &4e A7t DLEY @495 24 < Z3A457] 9ldt LPsz &
At w2 g4 H L RAW 264.7 M Z 30 A nitric oxide (NO) 48 & S48 4 th DLEE A ZF9 AEd =
FEFE vAA FoWA NO B4Hs @A A Asstitt. DLEY 93 4% A4 iNOSe COX-29] 34
o} o] o] BT ZHAastgon, 6719 HFHA cytokine FHAHIL-1q, IL-13 IL-1F6, TNF-a, CSF2, 1]
I CXCL10)9] 2do] =5 7rast ¢t 3 DLEY A2& MAPKs 429 <438 25 A3 390, NF-«B

p65e oz o] F5& AafstHt o2 A= DLEY &UF &4 MAPKs 3 29 NF-kB 325 2450
ZH o] TS AT B, DLEE §59E% 9 reactive oxygen species (ROS)9] A4H& #3315 o,
hemeoxygenase-1 (HO-1) ©¥ A 9] L& & Z74A7 00, HO-19 AAZE AL Nrf29] o229 o]F& F7}
ARG ZE8A o=, ogd A7 23 DLEZF 453d FAA9 ¥ S Z4A7H, MAPKs, NF-xB, 121l
Nrf2/HO-1 5 t4d A2E5 2AF02ZH FeF &4 /HAe A& AAgH.



