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Anti-Inflammatory Effect of Houttuynia Cordata Thunb in Activated Raw 264.7 Cells Activated with

Lipopolysaccharide and Interferon Gamma

Wan Ik Cho', Hyun Kyu Kim', Juhee Park', Kui Young Park’, Yoon Young Lim', Young Heui Kim’ Ki Ho Kim’, Hyung Mi
Kim', Kapsok Li', Beom Joon Kim', Seong Jun Seo', Myeung Nam Kim' and Chang Kwun Hongl

"Department of Dermatology, Chung-Ang University College of Medicine, Seoul, R&D Center, Bioland, Cheonan, Korea

Background: Houttuynia cordata has long been used in tra-
ditional oriental medicine for the treatment of inflammatory
disease. In the present study, we investigated the anti-in-
flammatory effect of Houttuynia cordata extracts on Raw
264.7 cells, which is activated with lipopolysaccharide (LPS)
and interferon- y (IFN-7).

Methods: We treated LPS-and IFN- y -activated murine
macrophage Raw 264.7 cells with extracts of Houttuynia
cordata and measured the production of nitric oxide (NO)
and prostaglandin E, (PGE;), and the expression of inducible
nitric oxide synthase (iNOS), cyclooxygenase (COX)-2, and
pro-inflammatory cytokines (Interleukin [IL]-1 e, IL-175,
IL-4, IL-6, IL-10, IL-12, tumor necrosis factor- @, regulated
on activation normal T-cell expressed and secreted) in acti-
vated Raw 264.7 cells after treatment with Houttuynia cor-
data extracts.

Results: NO formation by activated Raw 264.7 cells was re-
duced in response to Houttuynia Cordata in a dose-dependent
manner. Formation of PGE,, a final product of the COX path-
way was reduced by Houttuynia cordata extracts and reduction
in COX-2 expression was proportional to the reduction in PGE,.
The expression of proteins, iNOS and COX-2 decreased with
increasing concentration of Houttuynia cordata extracts. The re-
lated pro-inflammatory cytokines did not decrease in the cells
treated with Houttuynia cordata extracts.

Conclusion: Houttuynia Cordata extracts suppressed the
production of NO and PGE; and decreased the expression
of iNOS and COX-2. It has potential for the treatment of
inflammatory diseases. Further studies are needed to eluci-
date the effects of Houttuynia Cordata extracts on the pro-
duction of inflammatory cytokines. (Korean J Asthma
Allergy Clin Immunol 2012;32:43-50)
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Ve e gRlety] flste] A A thdAdipopolysaccharide) 2}
A=E A A Q) Raw 264.7 cellol| A &
EEZ:E}%% o E29 AT a2 A
225 A LtokA 2
SRR D, e 2]
A AEFN BHle) DA JEE

o] AL MR Azxets

ok AdzH o= I 7] 100 g& 70% oﬂ%%—% o] &3}
of 24A17E Bt T ¥l FE3GT 0% o2 RE FEH
FEEL AR F o] &ato] A T 60°CoA] eSS
SUANA 6% &2 FEES Ak

Raw 264.7 cell& Penicillin/streptomycin 100 unit/mL} 10%
AEjo} & (fetal bovine serum)©] THFE Dulbecco’s modified
eagle’s medium B A (WelGENE Inc., Daegu, Korea)S A}-83}o]
37°C, 5% CO, 27104 wlFstlom, 3ol & W4 Ay
kS Al aFATh. Raw 264.7 cellS 1x10°/mL F L& 24 well
placce] 717} BFea F8A A2 mAD T, AL
100 ng/mL, QTE]#| 71} 10 ng/mL (Sigma-Aldrich Co. LLC., St.
Louis, MO, USA)YS} 0] % 2225 1,5, 10, 25, 50 s g/mLe]

FTLZ st 2

2. ABIEIA MM =X

Wkl ] Abea A AEae] AahEel ol
o] 574% Bol BBt Griess 4 WS o] SegT,
Raw 264.7 cellol] 912 FEES 1, 5, 10, 25, 50 pgml FEZ
2] 3k 96 well plateo]] A E vl ¥ 23507} Griess A]2H1% A
gdojufo] =) 5% Q1AL 0.1% N-(1-naphthyl)ethylenediamine &3}
SN 1: 18 Tt Y1 AeolA s& 5 wSAIT
% ELISA microplate reader (SoftMax Pro5, Molecular Devices,
Sunnyvale, CA, USA)Z o] &3} 540 nmol|A] THE=ZS =73}
k.

3. NZ=YH =4

oz FEEY Axo uid =49 FHLS MIT
(3-(4,5-Dimethylthiazol-2-yl)-2,5-dipheny! tetrazolium bromide) (Sigma-
Aldrich Co. LLC) & o2 EA 39 Th o= MTIT7} n|EE
c ol = A F a0 93 sHLE o] X 2nk(formazan)
AP AR E NS ZPHE Ao ABE FEUE
Al sta M E wlg 244 7ke] At 3 5 mg/mL =] MTT
A ke Wy 4A)17F ZoF kel vk & A5 AL A A
3Fal oA AN} E H(Sodium nitrite), T] W E A ZA] =(Dimethyl
sulfoxide) S A 7}sle] A LS {3271 = MTT o] 93]
AAHE FEEvkS ELISA microplate readerE ©]-&3}o] 570
amel 4 FHEE SHelsinh

4. ZRAEIZEC E2 W HEY AEFRI £

A A Zol A BAE e Z2aelgdd B2 4o T
B} E2 ELISA kit (R&D system, Inc., Minneapolis, MN, USA)
=3 O]*‘L?ﬂ@ 2—@5}31 FasrIE el Zr2E
=8d B2 ZFEZ 2 0, 39, 78, 156, 312, 625, 1,250, 2,500
pg/mLE ©] *9’3}3’1 o, AR e B ﬂ'sxﬂ(callbramon
buffe)E o] &3t 132 FA A ALttt FHjdE £
B4 AEFE, RS 96 well plated]] 150 pLA 33},

TR 2eEdd B2 vk SA EE S 50 418 H}
sl AHeolAl 17 B AT 1A B 0g T,
Z2 A2 @d E2 A (conjugate) 50 p LS H7pste] AL

ol A 2A]17F F<F whg-skar, A2 5 A (wash buffer) 400 1L
£ o] &3t 49 A3l 712 8 H(substrate solution) 200
©LE F7kete] Y& Awtstan AedlA 308 F<t w3t
I A A& MA(stop solution) 50 xLE A7}t 540 nmol| A &
F=E S

A4 NETIRIS 42
Detection System (Millipore, St. Charles, MO, USA)<

l

Beadlyte® mouse Multi-Cytokine
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Luminex 200 system (Luminex, Austin, TX, USA)= E3A] &<l
3ot MiraiBio™ (MiraiBio, Alameda, CA, USA)2] MasterPlex
CT™#} MasterPlex QT™ Z 21O 2 median fluorescent
intensity 9} calculate FE=5 FolA o] &3t A3 A E

7h1e e F71-193K6.9~5,000 pg/mL), QB FZ1-14]E}
(8.2~6,000 pg/mL), QVE}F71-4 (8.2~6,000 pg/mL), AEF71
-6 (9.6~7,000 pg/mL), AVE| F71-10 (6.9~5,000 pg/mL), S1E]F
Z1-12 (p40) (11~8,000 pg/mL), FF3| ARz} L 3H6.9~5,000
pg/mL), regulated on activation normal T-cell expressed and
secreted, 4.1~3,000 pg/mL)o|t}. BE Aty TZEZL o]
ZZIAYNA AFH = AR AHSIGT Mg 307
AEA o7 A3 7719 EFEA S o] £3Fo] MasterPlex

QTTMoﬂ/ﬂ S-parametersZ L =2A1-E FAJ .
5. AMAI-BEHEL IS

Raw 264.7 celld]] oA % FE5E 1, 5, 10, 25, 50 xg/mL

FER At &3 A dysis buffenE o] &3to] A E=
BE % eluais FuEn 3 el nase FHE 260
nmol| A G sl 5 pg AMgste] AEA HlSA 2] a3 2HDNA)

< A5 ARA H S A 2] BalAke ¥ 4] H (denaturation)
Z RIS png)S oilgo-dT, S HAALE Ax(reverse transcriptase),
Hstutavl g, dstdg, P Bt Tl aa A4, Y
SA Y B2 LB =rF TFHO Sl dFAld EolA F
20 ule] H k== ska 42°C, 1At Ft wjFetsivt. dEA
d&A 2 Zaake 54 FHA kel gt primer?]
aldehyde-3-phosphate dehydrogenase (sense: 5'-GCCAAAAGGGTC
ATCATCTC-3, anti-sense: 5'-GGTCCTCAGTGTAGCCCAAG-3"),
7S AFeE A A § AGNOS, sense: 5'-CATGGCTTGCCC
CTGGAAGTTTCTCTTCAAAG-3', anti-sense: 5'-GCAGCATCCC
CTCTGATGGTGCCATCG-3)), Al ZZSA| Al olA-2
5-GGAGAGACTATCAAGATAGTGATC-3', anti-sense: 5'-A TGGT
CAGTAGACTTTTACAGCTC-3)E o] &3lo] Feg i Ayut
%—a— A3ttt Taq Eﬂil\]ﬂ]_@@."} %3} g A (Takara Bio

., Tokyo, Japan)E ©]&3}o] & 30F7|S A3}
f7lt 94°Coll A 30, 60°Cel|A] 132, 72°Coll A 3022 T4
At & g H A ko] k& RNeasy Kit (Quiagen Co., Hilden,
Germany)& ©] &3] |34 260 ol A 9] FREE &

CEREEES

glycer-

(sense:

13, 7t

6. Immunoblot analysis

62.5 mM Tris-HCl (pH 6.8), 2% SDS, 5% [ -mercaptoethanol,
2 mM phenyl-methylsulfonyl fluoride, protease inhibitors (complete™,
Roche, Manngeim, Germany), 1 mM Na3VO4, 50 mM NaFZ} 10

mM ethylenediaminetetraacetic acidE H+3l= HEAE AL

xetol S
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FEE0| gyt

sto] A ZZ S A AT AE Sl AL 15,000 Xg2 4°Coll
A 3083E AAl Zelste] el BE AAS T A w3
il 10 pgS F5te] 10% SDS-PAGES] A7 ZA17 &
Z2v)d el 4l E38}lE(polyvinylidene fluoride) T O 2 o] F-A| 7
o} A & FEUts AkekE A8 8 ABD biosciences, San
Jose, CA, USA), A|ZZSAJAo}A]|-2 (Santa Cruz bio-
technology, Inc., Santa Cruz, CA, USA) 12} 3} 9} HF-S-A)7] &

22} 3FA|Q] horseradish peroxidase-conjugated anti-rabbit IgGS
Hk2-A)1 7] 1 =7} 318337 ¥ (Enhanced chemiluminescence) 73
Z Al 2K(Thermo Scientific, Pierce Biotechnology, USA)S A}-8-&}
o ghage] wel JEE Fslsit

=

nE A¥ e 33 o4 HE oz o]2ojhon, Ay A}
7+ & w}a} meantstandard deviationS IT#| T &2 FA| 3}
FEP<0.05)NA EAA H
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Fig. 1. Inhibitory effect of Houttuynia Cordata extracts at different
concentrations for production of Nitric oxide. The values represent
mean+standard deviation of three independent experiments
(*P<0.001). LPS = lipopolysaccharide; IFN-y = interferon-y .
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Fig. 2. The cell viability of Houttuynia Cordata extracts at different
concentrations. Values represent meanzstandard deviation of
three independent experiments (*P<0.05). LPS = lipopoly-
saccharide; IFN-y = interferon-y .
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4. 339 ME7FIRIS) ¥ KNiolls
ol Hlarste] A Aot Qe s 3vkE A2
T E QA F 71149, A F71-1W e}, Q18 F71-6, 1H

271-10, RANTES, 2943 Alol 2} &ate] AAdo] f2]siA =
7V a, QlE] 2714, Q1 £71.120] H3lE 242 g9

il
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L
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0(\ (\Q \@ $ $ S S S
@) R \Q(\Q N ,\Q (f:D QDQ
L <<$A Houttuynia cordata extracts
x LPS 100 ng/mL+IFN-y 10 ng/mL

Fig. 3. Inhibitory effect of Houttuynia Cordata extracts at different
concentrations for synthesis of PGE,. The experiment was per-
formed as described in the manufacturer’s instruction and con-
ducted three times (*P<0.001). PGE, = prostaglandin E2; LPS =
lipopolysaccharide; IFN-y = interferon-y .
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x LPS 100 ng+IFN-y 10 ng LPS 100 ng+IFN-y 10 ng
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82%’* Houttuynia cordata extracts \?Zé\ Houttuynia cordata extracts
x LPS 100 ng+IFN-y 10 ng x LPS 100 ng+IFN-y 10 ng

Fig. 4. Inhibitory effect of Houttuynia Cordata extracts at different concentrations on the LPS induced production of pro-inflammatory cyto-
kines including IL-1 @, IL1 4, IL-6 and TNF- @ . Values represent meantstandard deviation of three independent experiments (*significant
as compared to control, P<0.05; Tsigniﬂcant as compared to LPS with IFN-y alone, P<0.05). IL = interleukin; TNF-a = tumor necrosis
factor-@; RANTES = regulated on activation normal T-cell expressed and secreted; LPS = lipopolysaccharide; IFN-y = interferon-y .
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Con 0 1 5 10 25
Houttuynia cordata extracts

50 (ng)

LPS 100 ng/mL+I1FN-y 10 ng/mL

B
COX-2 ‘

---————‘

iNOS | P —— |

p-actin ‘ — s e e e —-‘

Con 0 1 5 10 25 50 (ng)
Houttuynia cordata extracts

LPS 100 ng/mL+IFN-y 10 ng/mL

Fig. 5. Inhibitory effect of Houttuynia Cordata extracts on the LPS-induced iNOS and COX-2 RNA and protein expressions in Raw 264.7
cells. (A) The expression of INOS RNA and COX-2 RNA was decreased with the elevation of Houttuynia Cordata extracts concentration.
(B) The expression of INOS and COX-2 proteins was decreased along with the elevated concentration of Houttuynia Cordata extracts.
COX-2 = cyclooxygenase-2; iINOS = inducible nitric oxide synthase; GAPDH = glyceraldehyde-3-phosphate dehydrogenase; con = control;

LPS = lipopolysaccharide; IFN-» = interferon-y .
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