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Anti—inflammatory Effects of Fermented Houttuyniae Herba Water Extract
on LPS—induced Mouse Macrophage
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ABSTRCT

Objectives : The purpose of this study is to investigate the effect of Fermented Houttuyniae Herba Water

Extract (HL) on production of proinflammatory mediators in mouse macrophage RAW 264.7 cells,

Methods : Cell viabilities were measured by MTT assay. Effect of HL on nitric oxide (NO) production from RAW

264.7 cells was accessed by Griess reagent assay, Effect of HL on productions of inflammatory cytokines such

as interleukine (IL)—17, Interferon y —inducible protein (IP)—10, Eotaxin, IL—5, Monocyte Chemotactic Protein—3

(MCP-3), and IL—13 in LPS—induced RAW 264.7 cells was accessed by a multiplex bead array assay based on

xMAP technology.

Results : The results of the experiment are as follows,

1. Incubation with HL for 24 hours showed significant increase in cell viability of RAW 264.7 mouse
macrophages (P < 0,05).

2. HL showed to inhibit NO production from RAW 264.7 cells at the concentrations of 25 and 50 ug/mL
significantly (P < 0.05).

3. HL inhibited significantly NO production in LPS—induced RAW 264.7 cells at the concentrations of 25, 50,
100 and 200 ug/mL (P < 0.05).

4, HL inhibited significantly IL—17, IP—10 and Eotaxin in LPS—induced RAW 264.7 cells at the concentrations
of 25, 50, 100 and 200 ug/mL (2 < 0.05).

Conclusions : These results suggest that HL has anti—inflammatory moiety related with its inhibition of NO,

IL—-17, IP-10, and Eotaxin in macrophages.
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Qe ek 49B)e A=Y e he BolzgYm 3
gom  (HEAE) oe fEEcs At magel mige]
2= 4 FoA HEUe A7 e B, KB B
e R A o L

Azoe AR7E TRE 3, I Fole FHAHEY
decanoyl acetaldehyde, mehyl-n—nonylketone, myrcene,
lauric aldehyde, capric aldehyde, capric acid 5°] &%
go} Ao, gpEsre] F2 Al EAL puercitrin %
ARG, A4 528, 25 FUAE 2 ARl o
3t oz, FHlolfAAE, (A Ae) A2 24, #H"E
o] Uit "Werle $ AT 9 FFday Fo| drkar
BYUHT Qi Won #AE dFE: mEtrl ohea
Azl A A5 SN QAA| HIA|Z F4
S AT 2107 g3, v oA F|AEIS &
YAA gH27] ¥ FUst= Compound 48/809 &7
W Akl Yo fidEe HAA o dE] £3E AR
L gAdzo digt mu', mEy 22EdA RgE dg
(lectin) Ad&o] AFEe B F=49t T Y=Y &L 37t
ARt Ba'P7h glon] gt A4 FEES ulgid
ATE G W HAAZY] FAS FEST B AN
=2 BHAA IL-6, TNF-o o Bu|E 2Hs1= a7}
BuYED gtk E3 mEHE T ArpA dE 2
Bo| QiopM|Ee} it AEe] Aeg o] dH' e B}
Qo A fEE FEES o]8E YR WY oy
e Bl Wit At nlEsith webd 2 dfteAe T
fERE E FEE0| vkl M2 nXe WY 24
obuy] iste] in vitro AHE SN AT NS

710 olo] Eilsh= uolr},

a2 o fo oot

AR 9 P
1. A=

1) Aok & 77

H A3o] ARE AJeF = Lipopolysaccharide(LPS),
3,14, 5—dime—thylthiazol—2—yl]—2,
5—dyphenyl tetrazolium bromide(MTT)2} Dimethyl
Sulfoxide (DMSO), Griess reagent 52 SigmaAHST.
Louis, MO, USA)ZXE Fste] AMNSI$IL, Bio—Plex
Cytokine assay kit (Bio—Rad, USA), Procarta Cytokine
assay kit (Panomics, USA)&  ARMEsIEow ZF AJeke]
4L £48 53 oY AL st ARgEgt 2 Ad

o] AMEHE 7|71 rotary vacuum evaporator(Eyela,

Tetrazolium salt

Tokyo, Japan), freeze dryer(Eyela, Tokyo, Japan), COs
incubator (Nuaire, USA), clean bench (Jeio thec,
Korea), microplate reader 680 (Bio—Rad, USA),
bio—plex 200 (Bio—Rad, USA) So]t},

E Ao A" oA ffER (Houttuyniae Herba)+ @t
)
o

= AE GHA AikE AL TSt AN T ARSI
o, HAH S FHYdgw Stelrdjst Exstmilo
Bastict
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2. ¥y
1) N2l M=
(1) ¥a s A=

fEE(Houttuyniae Herba) 50 gof &%
a—herbzyme(@r=a4, 34, I 4 g& T A
(Lactic acid bacteria)g ZEste] 37 ColA 3Y7tE vjkstod
a7t S8 o|FAEE ¢t

(2) &8 s E F2EHD) AR

a fEE 10 g& A7)l 13 $R/4 1,000 mL
ot A ¥ H 1508 B¢ 7HE, FESYY FEAS
filter paper® 7t odgt ¥, oAI}NE rotary vacuum
evaporatorg ©]&3sto] FF3rt ©] FHAS FEA=E]
£ o8, H=xsto] 3.22 g(5E 32.2%)9 TE fER =

==

FZ&E(Water Extract of Fermented Houttuyniae Herba:
HL)E ¥o] A2 ARSI

2) Cell line

Ao AMgE di¥AEZE mouse macrophage(RAW
264.7 cell line)o|H, 3=A|EFLY(KCLB, Korea)olA T+
Astsict.

3) M= HHQS

RAW 264.7 cells 37C, 5% COz 274 10% FBS,
penicillin(100 U/mL), streptomycin(100 ug/mL)o] A7}
¥ DMEM HjAZ wFEdeh  CellsE  75cm”  flask
(Falcon, USA)oA Z83] SA1E & wiy 3Y 7HHo= Hj
9FA|ZZ EH-E phosphate buffered saline(Sigma, USA)
gHoz Hojx & 50 mL flask T 1 mLe 0.25%
trypsin—EDTAEHE Y A4 1E7F A o
trypsing-oS W21l 37 ToA 587 Bysial NEE o
zhste] Al wiFstEch g@2E AZ= 10% FBS7E 7
DMEM ujF 10 mLe] FHAIZ th, A2 vjgE7]el
A 1 1 29 split ratioZ COy WY71(37°C, 5% CO2)NA
i ¥kt

4) NEMZESE ZAKCell viability assay)

ZH)E A7} RAW 264, 7 cells® AZHZEE(cell
viability)ell PIXj= S dotHr] st MTT assays
AAEITE 96 well plateo] 1x10" cells/well®] cell 100
WA 2@ 37T, 5% CO2 incubatoroflAl 24A17Hs<t vjofst
S Hix1E HE wj¥ANE FHE phosphate buffered
saline (PBS) Moo= HojErh 72 of9] ujx|¢} PBSe|
=2 AJ&(25, 50, 100, 200 ug/mL)E Z wellol| Hzjsti
24 AZb FQb wksiTh ujeko]l Eur] 4AZE Ao PBSel
=91 5 mg/mL MTT (Sigma, USA)E 20 w# Z} wello]
e T RFuEIUE AT F YR AT Bt 2
< 27oA =Rt #jgdE 2F AAR & DMSOE
100 wl Ak 37ToA 2A7F WX F microplate
reader (Molecular Devices, USA)S o|-&35ta 540 nmolA]
FE=E S
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5) Nitric oxide(NO) A& =X

RAW 264.7 cell line2X¥E AAELE nitric oxide)
F2 HEZ vjgF Fol EA3k= nitric oxideE griess Ak
< olgste] theat Zo] A%} 96 well plated] 1x10°
cells/mL9] cell& 100wdA Y3l 37C, 5% CO: incubator
oA 24 AZHERF BiFE T wiAE HE|L viFAZE BHS
1xPBS g0z HRol& T ZF wello] LPS(lg/mL) %
T2 "iA)o =<1 AJ&E(25, 50, 100, 200 ug/mL)¢}t &7
Hiz|of] go} A StaL 24A17F F3F vieFsigTt, wiFo] Bt
H AHE 100uS AFTE griessAloF 100uS S5}
158 ot Wk A7l & 540nmolA] FRES EH3}

{

6) HATHHZ(cvtokines)Ol CHEE Multiplex bead—
based cytokine assay

Hoohd BEujol BA" AR JFE gotEr] s
Politch 579 F=zste] tham} o] AYL Aestart.
96 well plateo] 1x10° cells/mL9] cell& 100 w& P41
377, 5 % COs Incubatoro|A 24 A|7Fs<l vljkst & vjj%]
£ I siFAEZ FHE 1xXPBS &2 Holx H 7
wellell LPSE @5A4E(1 ug/mL)stAY &2 et 5=
A& (25, 50, 100, 200 wug/mL)e} A wix]e Fol A=]s}
I 24X7F b wiFEkdch  uieko] By AdSA(cell
culture supernatant)e AF3ke] Filter plate(96 well
type)oll m|E] FH|xo] Q¥ antibody—conjugated Capture
Beads®} ZA3A|7Ith A¥HE Capture Beads?} ©71 Filter
plate®] Z+ well& 150 uL.®] Wash buffer2 A|Z3ch A
o] B F ZF wello] detection antibodyE F7F3t & 30
E7F wigFgich. wjeke] BUH Wash buffer2 33 A|&gh
H  Z+ wello] Streptavidin-PES  EF3}a  AR2of|A
300~500 rpm& ZAoZ 3087t AZH|%(shaking)Ftch,
vjoFo] EUH Wash buffer2 33 A& F Z+ wellol
120 uL®] Reading buffer® EF3}a ALo4 300~500
rpm® ZAoZ 587F ASHjd(shaking)dt & Bio—Plex
array reader(Bio—Plex 200)& ©°]&, ZA3IA 3=
cytokine®| & ZARH|wEITH

3. A=

APAHHL HFA + FF2A (Mean + SEM)E UehY
o, dzz 7k AdEe BEFE Aol ANOVA testet
Student t—test® EA3te] P 0.05¢ © EAZFoE {9
gk Aoz wAgit

2 3

1. HLo] RAW 264.7 A|Z2] NZAZE] 1
A& A

HLO] RAW 264.7 AlZ29] &L mX= 9FS MTT
assay oz ZARBIATH HLE 24 A7+ Azst 23 95
ug/mL, 50 ug/mL, 100 ug/mL, 200 ug/mL E%ZoA Al
ZAEE2 zZr 94.50%2.08%, 95.00%+2.19%,
94.81+2.17%, 98.86+2.61% 2 25 ug/mL °JAe] RE
FEOAA FoF 5L YERA] FstehFig. 1).
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Fig. 1. Effect of HL on viabiity of RAW 264.7 mouse
macrophage cells.

HL : Water extract of Houttuyniae Herba. Cells were incubated
with HL (25, 50, 100, 200 ug/mL) for 24 h. Results are
represented as mean®=SEM of the three independent experiments.
Normal : Not treated with HL. * represents P { 0.05 compared to
the normal.

2. NO XAl digk 93

HLo] RAW 264.7 A2 NO A uxe 93 =4}
3ttt HLS 25 ug/ml, 50 ug/mL, 100 ug/mL, 200
ug/mL =2 24A7F HEstEE o NOY =2 ztz
94.09+3.74%, 93.83+2.42%, 97.69+0.82%,
98,46+1.54% 2 25 ug/mL¥} 50 ug/mL2| FEo|A §9
A ZraskchFig. 2.).

HLo] LPS(1 ug/mL)E " RAW 264.7 AlZS] NO
Ao w|R= FEFE AT 24 AIZE BoF AREE 2
I} 25 ug/ml, 50 ug/mlL, 100 ug/mL, 200 ug/mL =
oA zZFzZ: 81.89+5.04%, 81.94+5.10%, 83.80+3.60%,
83.80+3.70%= 25 ug/mL ©]A2 EE EToA LPSe|
oI5 NO AS7He FstAl JAIXHHFig. 3.).
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Fig. 2. Effect of HL on NO production in RAW 264.7 cells for 24
h incubation.

HL : Water extract of Houttuyniae Herba. Cells were incubated
with HL (25, 50, 100, 200 ug/mL) for 24 h. Results are
represented as mean®=SEM of the three independent experiments.
Normal : Not treated with HL. * represents P { 0.05 compared to
the normal.

B
ISEN)
S o

NO production
(% of control)
N S o ©
o o o o

Nor  Con 25 50 100 200
HL Concentration (ug/mL)

Fig. 3. Effect of HL on NO production in RAW 264.7 cells for 24

h incubation with LPS. HL : Water extract of Houttuyniae Herba.
Cells were incubated with HL (25, 50, 100, 200 ug/mL) for 24 h.
Results are represented as mean*=SEM of the three independent
experiments. Normal : Not treated with HL. Control : Treated with
LPS (1 pug/mL) only. # represents P ¢ 0.05 compared to the
normal. * represents P { 0.05 compared to the control.
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3. Cytokine 23Adol o3l A3

1) Interleukin(IL)—17 AtiAdof| CHSH gk

HLo] LPSE $4tEl RAW 264.7 AZ2] IL-17 A4l n|
e FFE vt 24 AZE <t M2t Zd 25 ug/ml,
50 wug/mL, 100 ug/mL, 200 ug/mL S=oA ZZ
3.904+1.93 pg/mL, 3.60%+0.95 pg/mL, 2.804+0.96 pg/mL,
3.80+1.50 pg/mL 2 25 ug/ml oSl RE =X LPS
of 98t IL-17 AAZIE diRF(control: 8.30+1.89
ug/mL)¥ v|wste] F-oJalA] AA|AHTHFig. 4.).
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Fig. 4. Effect of HL on IL—17 production in RAW 264.7 cells for
24 h incubation with LPS, HL : Water extract of Houttuyniae
Herba. Cells were incubated with HL (25, 50, 100, 200 ug/mL)
for 24 h, Results are represented as mean®=SEM of the three
independent experiments. Normal : Not treated with HL. Control :
Treated with LPS (1 pg/mL) only. # represents P { 0.05
compared to the normal. * represents 2 { 0.05 compared to the
control.

2) Eotaxin AdAdof| CHSE g

HLo] LPSE ¥ RAW 264.7 HZ2] Eotaxin A§/dell
X g vHlastgh 24 Am ot st Ad}t 25
ug/ml, 50 ug/mlL, 100 ug/mL, 200 ug/mL w=o)A Z}
7+ 77.50+9.88 pg/mL, 77.60+10.83 pg/mL, 64,50+
4.65 pg/mL, 77.80+9.98 pg/mL 2 25 ug/ml °|A2] =
£ oA LPSel 9% Eotaxin AAAS7HE dWERT
(control: 117.60+9.84 ug/mL)z} vlste] S2lapA) i)
A #chFig. 5.).
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Fig. 5. Effect of HL on Eotaxin production in RAW 264.7 cells for
24 h incubation with LPS, HL : Water extract of Houttuyniae
Herba, Cells were incubated with HL (25, 50, 100, 200 ug/mL)
for 24 h. Results are represented as mean*=SEM of the three
independent experiments. Normal : Not treated with HL. Control :
Treated with LPS (1 pug/mL) only. # represents P ¢ 0.05
compared to the normal. * represents P { 0.05 compared to the
control

3) Interferon r—inducible protein (IP—10 AH4Aoi| CH

o]
o
HLo] LPSE §WE RAW 264.7 AZ2 IP-10 AAl9

o
=
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X G Blwstath 24 A)zE b A= Ad 25
ug/ml, 50 ug/mL, 100 ug/mL, 200 ug/mL %A 2z}
zr 21.00£4.97 pg/mlL, 28.50+7.22 pg/mL,
22.40+5.22 pg/mL, 24.50+3.32 pg/mL Z 25 ug/ml
olde] BE F&olA LPse| 937t IP-10 AEF7HE d=d
(control: 104.30+6.60 ug/mL)® H|@3te] 82514 A
AFch(Fig. 6.).
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Fig. 6. Effect of HL on IP=10 production in RAW 264.7 cells for
24 h incubation with LPS., HL : Water extract of Houttuyniae
Herba. Cells were incubated with HL (25, 50, 100, 200 ug/mL)
for 24 h. Results are represented as mean*SEM of the three
independent experiments, Normal : Not treated with HL. Control :
Treated with LPS (1 pug/mL) only. # represents P < 0.05
compared to the normal. * represents P { 0.05 compared to the
control.

4) Interleukin(IL)—5 A4A0f| CHSt F&k

HLo| LPSZ Y5 RAW 264.7 A|Z29] IL-5 Aol Hj
e %S vttt 24 AZF B AR Z3 100
ug/mL, 200 ug/mL9 EZoA Z}z} 6.00+0.29 pg/mL
6.50+0.25 pg/mL 2 LPSe]| &3t IL-5 AJAASZ7IE gz
(control: 7.30%0.48 ug/mL)T} H|ws}] F2J5HA ‘21111*1
FAcH(Fig. 7.).
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Fig. 7. Effect of HL on IL=5 production in RAW 264.7 cells for 24
h incubation with LPS. HL : Water extract of Houttuyniae Herba.
Cells were incubated with HL (25, 50, 100, 200 ug/mL) for 24 h.
Results are represented as mean+SEM of the three independent
experiments. Normal : Not treated with HL. Control : Treated with
LPS (1 pg/mL) only. # represents P ¢ 0.05 compared to the
normal. * represents P ¢ 0.05 compared to the control.

5) Monocyte Chemotactic Protein—3 (MCP—3) At
off chst Fak

HLo] LPSE §WE RAW 264.7 NZ& MCP-3 Ao
e g vwstgnt. 24 A)ZE B AHE Z3 100
ug/mL, 200 ug/mL% FZojAx ZFzZ+ 15638.30+482.77
pg/mL, 15497.80+210.21 pg/mL & LPS¢| &3 MCP-3
WRZ71E ) ZRF(control: 16214.10+334.69 ug/mL)T}
Hwale {oatA AAAFH cHFig. 8.).
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Fig. 8. Effect of HL on MCP-3 production in RAW 264.7 cells for
24 h incubation with LPS. HL : Water extract of Houttuyniae
Herba. Cells were incubated with HL (25, 50, 100, 200 ug/mL)
for 24 h. Results are represented as mean£SEM of the three
independent experiments. Normal : Not treated with HL. Control :
Treated with LPS (1 pug/mL) only. # represents P { 0.05
compared to the normal. * represents P { 0.05 compared to the
control.

6) Interleukin(IL)—13 AAof| CHEt Hsk

HLo| LPSZ f&E RAW 264.7 AMEQ] IL-13 AAe]
O x= Fgeke vk 24 A7 E<F A3 A3k 50
ug/mLe] =N 169.90+7.92 pg/mLE LPSe] oJ3t
IL-13 AAZ71E diZF(control: 179,80+5.80 ug/mL)T}
uliste] gofalA Ao e FEAAE fo4ol
e 23tthFig, 9.),

2001 # %

IL-13 production
(pg/mL)
=
s
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HL Concentration (ug/mL)

Fig. 9. Effect of HL on IL—13 production in RAW 264.7 cells for
24 h incubation with LPS, HL : Water extract of Houttuyniae
Herba. Cells were incubated with HL (25, 50, 100, 200 ug/mL)
for 24 h. Results are represented as mean*=SEM of the three
independent experiments. Normal : Not treated with HL. Control :
Treated with LPS (1 pug/mL) only. # represents P ¢ 0.05
compared to the normal. * represents P { 0.05 compared to the
control.

7) Interleukin(IL)—3 AiAdof| CHEH H&F

HLo] LPSE &4E RAW 264.7 AZ2] IL-3 Aol =]
= 9FS vlwsidnh 24 A7 B9 AHz2E 23 50 ug/ml,
100 ug/mL, 200 ug/mLe sZ=oA ZZ+ 2.10+0.13
pg/mL, 2.50%0.29 pg/mL, 2.00+0,00 pg/mLoE LPSe|
93t IL-3 AAZ7IE thZR(control: 3.50+0.50 ug/mL)x}t
H|wste (-oJatA JAAFHFig. 10.).

IL-3 production

50 100 200

HL Concentration (ug/mL)

TEEAY A+ 31

Fig. 10. Effect of HL on IL—3 production in RAW 264.7 cells for
24 h incubation with LPS, HL : Water extract of Houttuyniae
Herba. Cells were incubated with HL (25, 50, 100, 200 ug/mL)
for 24 h, Results are represented as mean+=SEM of the three
independent experiments. Normal : Not treated with HL. Control :
Treated with LPS (1 pug/mL) only. # represents P { 0.05
compared to the normal. * represents P { 0.05 compared to the
control.

8) Granulocyte colony—stimulating factor (G—CSF)
AMO|| CHEH 5t

HLo| LPSE £§4E RAW 264.7 MEZS G-CSF Ao
e FFE vlwEgch 24 A7 B A A3 50
ug/mL, 200 ug/mL2 =ZojA ZZ+ 15113.30+296.82
pg/mL, 14855,60+44 33 pg/mLOE LPSo| 9% G-CSF
RZ7VE R (control: 15429.40+147.96 ug/mlL)3}
vluste oA AAAFHLY TE sRoAe §24]
UebA] gkokth(Fig, 11.).

200001
175004 #
150004
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Fig. 11. Effect of HL on G—CSF production in RAW 264.7 cells for
24 h incubation with LPS. HL : Water extract of Houttuyniae
Herba. Cells were incubated with HL (25, 50, 100, 200 ug/mL)
for 24 h., Results are represented as mean*SEM of the three
independent experiments. Normal : Not treated with HL. Control :
Treated with LPS (1 ug/mL) only. # represents P ¢ 0.05
compared to the normal. * represents P { 0.05 compared to the

control.

9) Interleukin(IL)—23p19 Aol CHEH Fsk

HLo] LPSE §UE RAW 264.7 A9 IL-23pl19 A
of mXE dS H|lmsIFh 24 AZF F At Az
100 ug/mLe] H=o|lA 37.30+2.75 pg/mLOE LPSo| ¢
3 1L-23p19 AA=/IE  dl=F(control: 43.90+1.65
ug/mL)3 H|wste FostA JAAXFH oY TE FroA=
ool UErA] FotthFig. 12.).

IL-23p19 production

50 100 200
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Fig. 12. Effect of HL on IL—23p19 production in RAW 264.7 cells
for 24 h incubation with LPS, HL : Water extract of Houttuyniae
Herba. Cells were incubated with HL (25, 50, 100, 200 ug/mL)
for 24 h., Results are represented as mean*SEM of the three
independent experiments. Normal : Not treated with HL. Control :
Treated with LPS (1 pug/mL) only. # represents P { 0.05
compared to the normal. * represents P { 0.05 compared to the
control.
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10) Tumor necrosis factor(TNF)—a  AA0f| CHEH Fst

HLo] LPSE $4%E RAW 264.7 NZ2 TNF—a Aol
u X FIFE vwstEch 24 AIZE 59 AEgE A3 50
ug/mLe| oA 1839,90+138.46 pg/mLOE LPSe| ¢
3t TNF-a RAZ7E g ZF(control: 2257.00+93.66
ug/mL)T Hlwste] F-oatA AAXFH oY thE FEoA=
ool YA adstth(Fig. 13.).

3000+
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Fig. 13. Effect of HL on TNF—a production in RAW 264.7 cells
for 24 h incubation with LPS, HL : Water extract of Houttuyniae
Herba. Cells were incubated with HL (25, 50, 100, 200 ug/mL)
for 24 h. Results are represented as mean*=SEM of the three
independent experiments. Normal : Not treated with HL. Control :
Treated with LPS (1 pug/mL) only. # represents P ¢ 0.05
compared to the normal. * represents 2 { 0.05 compared to the
control.

11) Macrophage Inflammatory Protein—1 alpha(MIP
—la ) Mof et gt

HLe] LPSZ -&E RAW 264.7 M=o MIP-1a A4
of A= FFS HlwsHTh 24 AIZF ¢ AR A 25
ug/mLe FZolA 10493,60+383.97 pg/mLeZ LPS
o5t MIP-la AAE71E  tiZF(control: 10731.60+
285.17 ug/mL)Z} Blwste] FostA] AAXF LY HE 5
ToAEe F94d0] WA estth(Fig, 14.).
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Fig. 14. Effect of HL on MIP—1a production in RAW 264.7 cells
for 24 h incubation with LPS, HL : Water extract of Houttuyniae
Herba. Cells were incubated with HL (25, 50, 100, 200 ug/mL) for
24 h. Results are represented as meankxSEM of the three
independent experiments. Normal : Not treated with HL. Control :
Treated with LPS (1 pg/mL) only. # represents 2 ¢ 0.05 compared
to the normal. * represents 2 0.05 compared to the control.
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