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ABSTRACT

Objecctive : Nelumbinis Folium (NF) is used for diarrhea, headache and dizziness in traditional medicine, In this
paper, we examined the anti—inflammatory effects of the methanol extract of NF in mouse macrophages.
Methods : Peritoneal macrophages from thioglycollate medium—injected mice were cultured and stimulated with
lipopolysaccharide(LPS) or LPS/interferon(IFN)—y for viability assay, cytokine measurement and Western
blotting,

Results : NF methanol extract suppressed the levels of nitric oxide (NO) through reduction of inducible NO
synthase in a reduced LPS/IFN—y—stimulated STAT1
phosphorylation and LPS—induced IxBa degradation through inhibition of IxBa kinase activation, The extract
also inhibited p38, JNK/SAPK and ERK1/2 activation.

Conclusions : Our findings suggested that NF has anti—inflammatory activity, and have a potential for

concentration—dependent manner, The extract

therapeutic application, Further research is required to investigate its anti—inflammatory active compounds,
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AbR ol zANA HERAY ZAYSII} cytokine2 WAl Al
Tol| o3 BABIEE HYR o Fste HARIRFo|TH ),
nucifera  Gaertner)& $dHI} 2. A3
(Nymphaeaceae)9] ojgjallito] Y25 ] Jo= Fholst
N = IHERR, FEERS, 1kme] Bt Qlo] oFol At
£ XA st T oANEFE saAIY EE, 29, o uh-2(Samtako, Korea)o|™ 23
HEY, A7 &8, AT A8R A% AAHFTE XEsk=d AHRE AREA S5t ASsH
faggel  FREOl e ARESEE
roemerine, N—methylcoclaurine, quercetin, isoquercetin, 3. B AN E ujjok
norcoclaurine, rutin, hyperin, catechin,
hyperoside, astragalin®] QJuH?19 Balb/c ufg-A9] E7to] 2 mlQ thioglycollate medium
HAA7HA] fapgge] thet in vivo ATEE= WARWRZ Q] (BD, USA)E FAlstaL 3Y Fof ufeAE HFEIT & &
AESEY S ZAste] Hgke JAFTE RT3 ZyolA 8 mle Dulbecco's modified Eagle's medium
Aprlol2 ke e aatdo|ln AW AW F8S 7 (DMEM) (Welgene, Korea)& FAlSte] A|ZE sttt
AAA S dugits 299 "3} g5stE 48 AAMEF F 10% fetal bovine serum (FBS)(Welgene)2}
Wast 2@ HAE THESkste] o|A] 2HlE SIS 1% penicillin—streptomycin (Welgene)7} ¥-7¥ DMEMO]
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low density lipoprotein cholesterol (LDL cholesterol)< vjoFslHt Non—adherent cell A|ASH & A& ARESH
Z2AA B ARt AFATLY Y (glucose At
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Hich?) =mAste] 293t gultolxlol Akt [DLolY| oA carboxymethoxyphenyl) —2—(4—sulfophenyl)—2H—tetrazol
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L ehe= FREE AR T dolEE EAjsch
o
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iNOS &AL western blotting WHO 2 EA3tct, HA
AZZ 1x10° cells/ml9) HEE 2 mlZ 6 well plate] 3
F3to] AZ7h well plateo] F2Hg 2 &IgE & 1 ng/ml
IFN—y=Z 2A|7} sensitizationdt & FEEE3} 100 ng/ml
LPSE A&ste] 24 ARE wjgsigeh, A5HS AAT +
cold phosphate buffered saline (PBS)Z 23] A& 3s}ct,
Complete protease inhibitor cocktail (Roche Diagnostics,
Germany)7} S0]9)% lysis solution (50mM Tris—HCl (pH
7.5), 150mM NaCl, 1mM EDTA, 20mM NaF, 0.5%
NP-40, 1% Triton X-100)22 ANZZ zjysiqch
Bradford el &ste] oid F=E AR F sodium
dodecyl sulfate (SDS) loading bufferE ¥ 3%7t boiling
319t 8% SDS—polyacrylamide gel electrophoresis
(SDS-PAGE)E ol&sle] odS ZeEgk Fof AL
polyvinylidene fluoride (PVDF) membrane® 2 transfer
skt Transfer7t A2 HA=AE &str] s
ponseau S stainingg AAISFETE 5% skim milkE 0.1%
Tween®] 3= Tris—buffered saline (TBST)o] =9l
blocking bufferg& TH= ¥ 7|9 membranes A-20)A
3t AJZF  blockingdtgdth,  Anti—iNOS(BD) antibodyS
blocking  buffero] 1:1000e2  3X3td  4¢9Y
overnight ¥FFAJZ T Internal control24 1: 100022
3] A%t actin (Santa Cruz, USA)E AME3}gch TBSTE
33 A" & 1:50002% 343 HRP-conjugated
anti—-mouse antibodyl} HRP—conjugated anti—rabbit
antibody® 24 & A7t ¥-3-stqth. TBSTE 33 Al
2 % chemiluminescent substrate (ECL, GE
healthcare, UK)Z H1EE #¢13t & Image J T2I1HS
g Bushoc,

7. Cell signaling ¥#} &34

Cell signaling EAE &R18l7] el AZE 1.5%x10°
cells/ml®] H=Z 2 ml& 6 well plateo] FHE3ste] A|E7}F
well plateo] FZE AE T T HiRE ZolEdth
Phospho—STAT1& &43}7] $J8l-+= WA 1 ng/ml IFN-
y2 &2 2A17F sensitizationd}g L 100 ng/ml LPSe} oFE2
23 3AZF A=3HEt kBa®t phospho—MAPKE =33}
7] M THY Az FEFEES T AT WA A=
gk Fo] LPSE 1587 A3ttt ©ld 22l iNOS #
Al Ze Hwpgos sty wheld  lysis  bufferd]
phosphatase inhibitor (Sigma)& A7}ttt 10% SDS—
PAGEE o]§3st oHideE EEg $Fof AS PVDF
membrane® 2 transferdtgith 1 : 100022 343t IkBa,
GAPDH, pB-tubulin (2% Santa Cruz, USA), STATI,
phospho—STAT1, phospho—IKKa/B, phospho—JNK/SAPK,
JNK/SAPK, phospho—p38, p38, phospho—ERK1/2,
ERK1/2 (3% Cell Signaling, USA) 2 4| overnight
HEAFT.  TBSTZ  Ald F  1:200022 343
HRP-conjugated anti—rabbit antibody® AF&o)A] gt A

7t WESSHYt, TBSTZ A2l % chemiluminescent
substrate (ECL, GE healthcare, UK)2 HltZ I3t &
Image J ZEIHS F8f EAsHh
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op9-A B oA EEg ANZE o8ty HEERE
3 fEES FEHE AT T 2447 Fof MTS assayS
o]gste] AE MEE UXEe FFS ARIEAT. AHE 2
3} g veke 2EE2 25~400 wg/mle FEAIA FES
AEetA] @2 izt AZEA Zo|7h FoatA YRR
AUOH 800 ug/mle] FEOIA 17%2] a7t Dottt o]
of 22 Ang upigo g FFT AL 400 ug/ml ©|EHe]
Zol A Pt (Figure 1),
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Figure 1. Effect of Nelumbinis Folium (NF) methanol extract on cell
viability. Mouse peritoneal macrophages were cultured with various
concentrations of NF methanol extract for 24 h., The number of
live cells was determined using the MTS method. Data are mean
+ SD of four independent assays.
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A NO Aol et fiffE Herd FE2EY TS st
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$o LPSE A=3taL SAl fiifE FEE5% s=HE At
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Figure 2. Effect of NF methanol extract on NO production in
lipopolysaccharide (LPS)/interferon (IFN)—y stimulated macrophages.
Cells were sensiized with 1 ng/ml IFN—y for 2 h and then
incubated with 100 ng/ml LPS and various concentrations of NF
methanol extract for 24 h. As a reference drug, 1 ¢ M of
dexamethasone(Dex) was used. The levels of nitrite  were
determined by the Griess method. Data represent the mean £
SD of three independent assays. * p {0.05 compared to control (
0 pg/ml ),

3. fiigk WghE FSEo| BAIE A=
iNOS @Al vAl&= B3

iNOS+= L—arginineZ A}sle] L—citrulline®} NOE &
gttt fiE wgS FE=°] LPS/IFN—yol &J3h iNOS 3
Aol mAl= Gk &Rlsky] sl 244 A=% AlZe] o
WAL Baldlo] western blotting W2 iNOS thilz 9]
Fe SHSHTh fE veE FEE2 &8 JAE

HoFglom NOgt  upriA|=2 400 ug/mlo A=
dexamethasoned B|STF $£Fo] RS HAFY
(Figure 3).
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Figure 3. Effect of NF methanol extract on INOS synthesis.
Macrophages were sensitized with 1 ng/ml IFN—y for 2 h and
then incubated with 100 ng/ml LPS and various concentrations of
NF methanol extract for 24 h. 1 x M of dexamethasone(Dex) was
used. The levels of INOS were determined by western blotting.
Actin was loaded as internal controls, One of three independent
assays was shown,
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o] IFN—yol| &3] /4438 STAT1] F3FE w|A=A &<l
sb7] A&l HAMZE IFN—yZE primingdt ¥ izt LPSE
SAI7E A= Zof western blotting2 2 HA5ITE iNOSL}
URZHA R fgE W FEES 25 ug/ml, 100 ug/miofA]
phospho—STAT19] L&S At 400 ug/mlofA= A
o] Wrgo] = gttt (Figure 4). wEhA] i wgbg 32
£9 INOS %A= STAT1 &4xHo| HEHoR 7|ofghE
& 4 Ao
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Figure 4. Effect of NF methanol extract on STAT activation.
Macrophages were sensitized with 1 ng/ml IFN—y for 2 h and
then incubated with 100 ng/ml LPS and various concentrations of
NF methanol extract for 3 h. The levels of phospho—STAT1 and
STAT1 were determined by western blotting. Tubulin was loaded
as internal controls. One of three independent assays was shown.

5. figE WekE F&E0] kBa
kinase &4l u|X]&= FF

IkBa= 934 EEY IdS xHEste FARIAQI NF-
kBe E4E& dAIst= 9T st LPSE AZA AR}
ElHA ubiquitinationo] Eo] E&EE2 NF—«B7} #y=
o534 "}l ANEES LPSE 1583 AF3HS w) Ik
Bae 72 E3j=lo] M=ol A9 yehtA] giekout 100 ug
/ml, 400 ug/mmw IkBa®] WMEE LPSE HsiA] g2
Az} vtk 2202 Ueydth (Figure 5). E3F IkBa 21
ASHE st IKKS &4 25 ug/mloA A=A oH
100 wg/ml, 400 wg/mlolA &3] AA= At (Figure 5).
webA ffE HEE FEEL2 KK Xst 23S 53 kB
a BHE JAhe A2 FRA=

B3] 2L 1kBa



g HEkg FEE9 ukeA tAA|E inducible nitric oxide synthase €A} Al Zgo| o

- + + + + LPS

25 100 400 NF (pg/ml)
31 0.7 0.9 21 3.0
[kBo
phospho-IKK
IKK
GAFDH

Figure 5. Effect of NF methanol extract on IxBa activation.
Macrophages were incubated with various concentrations of NF
methanol extract for 1 h and then stimulated with 100 ng/ml LPS
for 15 min. The levels of IkBa, phospho—IKK and IKK were
determined by western blotting. GAPDH was loaded as internal
controls, One of three independent assays was shown.

6. faigE W& F&Eo| p38, JNK, ERK1/2
Aslo]| ujz]= FF

HAMEZE LPSE A=3HH p38, JNK, ERK1/2¢ 72
MAP kinaseZ} €443}t=|o] Alzdo|y o] oz x4
gtk fEE HghE FEE0] o|g§ MAP kinases®] 49
e IFE s A3l dAAE i HEe FEES
AAEE & 1587 LPSE A=ster, Ad Ay g
p38, JNK, ERK1/29] QAilsls smojEz oz oA st
(Figure 6),
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Figure 6. Effect of NF methanol extract on p38 activation.
Macrophages were incubated with various concentrations of NF
methanol extract for 1 h and then stimulated with 100 ng/ml LPS
for 15 min. The levels of phospho—JNK, JNK, phospho—p38, p38,
phospho—ERK1/2, and ERK were determined by western blotting.
One of three independent assays was shown
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NOSe= =#j3tets 4ol wet type I,1,M9 FFa
2 UHEY type 12 neuronal NOS(NOS)I} typell <l
endothelial NOS(eNOS)= AE &of A E2A522 cNOS
2 BEFHY type I INOSE LPSEF Z2 ghgglote] A=,
IFN—y, interleukin—13(IL—13), IL—6, tumor necrosis
factor—a(TNF-a)@t -2 AP E7RRIS] A= =&Ee 3¢
ofigt AR PAMZ, FHAZ(Kupffer cells), 7HA|
(hepatocytes), BZ A|EZ(smoothe muscle cells)Q} Z+
2 ANEoA FHEFHA LHEH INOSE ZAZE FeF b=k
NOZ A8t Aol Wagos g3 metx g3
Aol fefistAl 285k BA 171 siAlE INOSY =
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NZ FAHZHcellular transformation) 52 28-S ke
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(dimer)E ©]Fo] oz olFsty o [KAXY
promoter G| Fo| @7|A g R&ste AAE A=t
2 o]Z % STAT1E IFN—y A=o] o3 iNOS promoter
o] &A3}= IFN—y—activated sequence(GAS)o|| ZAFsto
AL E73H 0|24 INOS HS fdhs o= U
A Ao, fiEE dge 2&Eo| IFN—ydl| o8] Z43td
STAT1o| g3& wX=A] RIT 27y sEoEHe=z
STAT19] QARs7E oJA|E]o] iINOS WA Y| HEHoz
STAT1 SAI7} BT & o= A

NF-xBE TNF-a®t 22 A|E7RI, ARl 59 8F
A AT AEZRREA 5o 87 PEo] Sa% 9%
st= AAF dFfo|tt, NF—«B2 42 IkBeol &3 24
ot A4 AdHlelde AEZAA NF—«Be 1kBa2t 25}
o] EFAGstE AHiR EAstE TNF—a, IL-19F 2
BS54 AlelEZRQ], LPS9F 22 dHElof e =&5
W OIKKo| o8 IkBa2] £ serine AA7|7E QlAMSIEH
ubiquitination TS #A proteasomeo] 23] E3|= o]
NF—¢B7} f&j€th, o]gjgt NF—«BE oz olFdte] «
B-siteso]l ZAdte] INOSE ZEIT o7 EFA AL
anti—apoptosis 4% 5 HAE FAst AS5S 7HE3H
S0 g vEke 2EES 100ug/ml, 400ug/meolA T
kBa #3E AABIFL IKK FA] 25 ug/molA A7
AlZste] 100 ug/ml, 400 ug/meoA A3 JA=Act o}
A g e FEEL KK AAE 53 kBe E3E
FEAoR AAFO=H NF—«BY 24 %= & &= 3
55 2 AgeR 3RIg 4 Qi

MAP kinases= AlZ 959 AFE Azd 9 A=
2 Agstes o Bostes ASHIAAR A2 44, &
A, B3}, g 2AATSS | Azl AT AA|EHE Al
ZA e 3 YY JARIAE dAEketa @/d3tste] 23
LA WEHS &A%}, ERK pathways= growth factor,
Alo|E71el virus FE, ¥AZXI  EA-(transforming
agents), A=A} 22 thekgt A=l o SA9stEaL Al
29 FAI Bijol] Fa3t 93 dt} INKe AlZ AFES
Z28M= A2 W99 stress A=, =, growth factor?} &
T4 ARIEZR, HAM 2AF Foll 8l feE Al %
= Asfgit}y, p382 4AHF shockt @ AT &2 stress}
hormone %ol 93 &AStElY TNF—e, IL-18, IL—6,
IL-8, cyclooxygenase—2¢} -2 @354 A Hde =
Aol 93E gk Mg dEE 28] p38, JNK,
ERK1/29] Qlitsto] |2z @& ol Axt p38x JNK
9] QABIE 100ug/ml, 400ug/méANA BIS3HA] JAIBFH L™
ERK1/2= $=9EAY AAE B3

i o

fo

opgel st ol g Mg 2B F9F ARE F
Wa}7] 915t NO, iNOS @H4T} o|59] Wl st A

ARIAES] gt FaRe SHeldt AT S INOSe] WES
Ao RN NO AHE A5t oi7]ols STATI, NF-«
B. p38, JNK., ERK1/27} Bolgte o 4 itk &% ¢
AR gelnt derd FEmde] i A%l wad Ao
= Az,

a4 &

g WEE FE2E9 I9 a9E gotEr] $ste] NO,
iNOS, STAT1, NF—«B, MAP kinasesE Z#3s}o] t}ea}
e ATE At

1, fifg mehe &5 LPSY IFN—2 253 tiih =2
o] NO At iNOS ©iidds F=o&EFoz oA
st

2. g WgE F5E2 LPS9 IFN—yo] <& f=%
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