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Research of the Anti-inflammatory Effects of Hwadokdan on Raw 264.7 Cells
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Abstract

Objectives : The purpose of this study was to evaluate the anti-Inflammatory effect of Hwadokdan(HDD)
extracted with water.

Methods : We pretreated LPS-activated Raw 264.7 cell with HDD and anti-inflammatory effect of HDD is
investigated by measuring NO production, relative iNOS, and TNF-e, IL-6, IL-18, PGE; productions level, p-1xBe,
1kBe, NFkB.

Results : HDD reduced NO production and iNOS protein, TNF-e, IL-6 level at concentration of 100ug/m{ and
300ug/ml in LPS-activated Raw 264.7 cell significantly. There wasn't a significant cytotoxicity in MIT assay. And
HDD reduced IL-18 level at concentration of 300ug/m{ in LPS-activated Raw 264.7 cell significantly.

HDD reduced p-I«Be and NF«B protein level at concentration of 300ug/m{ in LPS-activated Raw 264.7 cell
significantly. And HDD enhanced 1xBe protein level at concentration of 100ug/m{ and 300ug/m{ in LPS-activated
Raw 264.7 cell significantly.

Conclusions : These suggests that HDD can be used as a therapeutic drug for various inflammatory diseases.
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A1714 9] 291 : Raw 264.7 MlEolA fL&f1S] 385 &0l it A+
sioltt olzE FA7X7I(LABCONCO, Kansas,
MO, UsAeIH Saazslel 380z SA1EE
18.05g2 ¥irt. HDDS| &2 20.06% 3t HDD=
DMEM(Dulbecco's modified eagle's medium)oll 5
£z 0] Aglo] AHgekoA ALE o] 240
& Falslrt.

Table 1. The Composition of Hwadokdan
Herbal

Name Scientific Name Amount(g)
&IR7E Lonicera Japonica 60
Bl Prunellae Spica 30
Total 90

2. A2t & 717

MTT(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide), Griess reagent, LPS(Zsche
richia coli 055:B5)= Sigma-Aldrich(St. Louis, M
O, USA)iitollA 4ottt 10% Fetal bovine seru
m(FBS), penicillin, DMEM, streptomycine Gibco
/BRL(Eggenstein, Germany)iitold 431tk Di
methylsulfoxide(DMSO)= Junsei Chemical(Toky
o, Japan)iitollAl gst3itt. A¥dol AR inducibl
e nitric oxide synthase(iNOS) &A= BD Bioscie
nce(San Jose, CA, USA)itollA] +4st9.2H, inhib
itory ¥Ba(IxBa) FA=
y(Santa cruz, CA, USA)itollAd 45ttt Nuclear
factor-xB(NFxB) @A, phospho-1kBe ¥, lami
n A/C @A, B-actin FA, peroxidase-conjugate

Santa Cruz Biotechnolog

d secondary antibody Cell Signaling(Danvers,
MA, USA)itolA #eJste] AR&sIoH, Automatic
ELISA microplate reader(Model Infinite M200 pr
59 s

o, Tecan, Minnedorf, Switzerland)

4] A8t
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3. ME BiY & XMX|

£ 439 Raw 264.7 celle 3= AEF 2
(Seoul, Korea)ollAl #9454t Raw 264.7 cell>
kS ot 10% FBS, penicillin - 100U/m,
streptomycin  100ug/mf7} 3= DMEME: ARE5H
o, AlmeigrlolA 37C, 5% CO2l FA0R ujok
SIS A= 80-90% ol B 7392t Al 8
571 20315 H71A] ok BeRkS Addof ARESISIth

4. Nitric Oxide MM 2

DMEM HjAJol4 HDDE 10-300ug/mS] 5==2 A
A&t F, 147F Tl LPSE 1ug/me] ‘5T = AX|510d
18AIZE ieFsldet. vl A5 50wt Griess AloF
50uE 96 well transparent flat bottom plate©l &
Al g1 Zpgste] 1087t A2olx] BEAIX] & ol
Automatic ELISA microplate reader® 540nmof|4]
SB=E SISl iRt o] ZF Ase] NO9
FS v VYL

absorbance of treated sample

NO production (fold increase) = absorbance of control

5. MZ 4ZEE 24

DMEM HjAJol4 HDDE 10-300ug/mS] 5==2 A
A&t F, 1417F Ff| LPSE 1ug/me] ‘5T = AHX|510d
18A17F vliekstgiet. 2+ well plate©] PBS(Phosphate
buffered saline)2} 0. 1mg/m} =] MTTE E55}]
50w Gl 4AIZE B EiAIRTE BilF SO HiRE
FAAHA AASKL B/JE crystal& DMSOO]| &5
AlA Automatic ELISA microplate reader® 570nm
of|A TBEE S AlZABEES iR A2
thet 7t Aedt] S8 E WE-2 R HASIIH:

absorbance of treated sample

oll viabili [ - =
Cell viability (% of contral) absorbance of control

% 100
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6. CytokineQ =3

DMEM HjZ[el4] HDDE 100, 300ug/me] &
A2 et & 6 well plate©]] Raw 264.7 cell& Z plate
5% 10° cell2 EF5}1, 147 30 LPSE A 519
. LPS A2] 18ARt ¥ AJFede +5te] TNF-¢,
IL-6, 1L-18, PGE, AARS ELISA kit(Pierce
endogen, Rockford, IL, USA)E &-85}o] 2451t
7} cytokine HERC] HETAIO Hidslo] HATE

pg/ml= HEFH AT,

ANE 2E2H2 PBSE cellS Aok, Tzl
JF Wk 2Rlolr] 9ol A HAR radioimmu-
noprecipitation(RIPA) buffer(25mM Tris-HCl, pH
7.6, 150mM NaCl, 1% NP-40, 1% sodium
deoxycholate, 0.1% SDS)2} Halt protease and
phosphatase  inhibitor (Thermo
Scientific, Rockford, IL, USA)o] 419l lysis buffer
£ AIEE cello]l gof 4ToNA] 30= &% BRAIZTH
2231 15,000% g2 107 F¢ ARkl A5
S #J3t Tl BCA protein assay kit AF83to] 24|
I 20| child JlRe AFSIGltE 9 28 FE=
2 PBSZ cell2 AIZSH & 10mM Hepes(pH 7.9),
0.lmM EDTA, 10mM KCl, 0.5mM phenyl-
methylsulfonyl fluoride, 0.5% Noridet P-40,
1mM dithiothreitolo] Z&4H bufferg 100y ¥l
vortex mixer©] 4101 iceoll 108 <9t T3, T 4C
oflA 16,000xg= 5% &< AlED] oot YE
27t H 229 S0l Azd Aol ZFE Jed
AAskL o] e H%Zol ThA 20mM Hepes(pH
7.9), 1mM EDTA, 400mM NaCl, ImM phenyl-
methylsulfonyl fluoride, 10mM dithiothreitolo] &
S bufferg 40u €2 & mixoto] iceollA 1417k
a1, oA 4TCo4 16,000% g= 104 5%t YAEe
o & Asds ¥ Y FEERA A3tk BCA

cocktail



protein assay kitg ol-8slo] 3 28] F259] ol
A S Aorsion, A A7ER] 70T Hasts]
ok 7 7] 299 ol kS SR ol YT
O] Tl Hsto] SDS-PAGER 4A7|%& AlZ1 E NC
membrane 2= THIAS F7T} thilzlo] $AX NC
membrane©] p-1xBe, NF«B, iNOS, #-actin, lamin
A/CY 12} A2 BESAIR] F, TR HHo| F3==
A WA Y8l blocking bufferE Azst &,
horseradish peroxidase7t 23 22} A2} BESA]
A4 BCL detection reagents(Amersham Biosciences
Corp., Piscataway, NJ, USA)Z thillZo] Hi&zks. i
7voldtt. 24 o] IETFS Image analyzing
system(Ultra-Violet Products ILtd., Upland, CA,
USA»S AMgsto] Z7dst3ion, 7t chalalo] diedghe
=t tiH] 2 Aedto] viierE Yer ol

density of treated sample
density of control

Relative protein level (fold increase)

EA EAHL2 one way analysis of variance
(ANOVA)Z H7Istgitt. e A2 33] ol wHESH
% glo]El= mean+S.D.E YERfQloH, Z+ OF 7F
o] BAH H9d ANOVAZ £4 & Dunnett T3
test = Tukey honestly significant difference
test2 ARE FASIITh  AlEE p0.05 T
p(0.012 71E0= FAH feVde Hsiolct

n. Z

1. HDDZt NO d-&Z0f O|%|

rir

g

o

HDD9| FA5 52 B7Fob7] YA |A LPSZ
A5l Raw 264.7 celloflAl NOQJ AYAdere: Thas)
Atk LPS AH2lollde ti24(1.00+0.009)2} Hlw
31 NO2| AJAdEo] 4.36+0.004] Z71slo] Rolgt

A1 9] 291 Raw 264.7 Aol ko] Jds 5ol ot

NO 8%9] F71 Ul it(p<0.01). ©I% HDD
100, 300ug/mf FolFold= ZHE 1.59+0.10,
1.08£0.01¥]&2 LPS A=}t Hlwslo] F2jt NO
g9 g UEHITHp<0.0D)(Fig. 1).

I3
4.5
3.5
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NO production (fold)
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Control - 10 30 100 300 HDD (ug/mL)

LPS

Fig. 1. Effects of HDD on NO Production in
LPS-Activated Raw 264.7 Cells.
Raw 264.7 cells were pre-treated with 10-300ug/m{ of
HDD dissolved in DMEM for 1 hour before the LPS(1ug/
mf) treatment, and then the cells were cultivated for 18
hours. The concentration of nitric oxide in medium
was assessed as delineated in materials and methods
part. Values represent the mean+SD with four separate

experiments for each condition. *' vs. control, **
p<0.01, #: vs. LPS alone, ## p<0.01

2. HDD7} LPSE &MatE Raw 264.7 cell?
MEZ SZ=0 0|xl=

NO A= A7t Al &g Aol gt A1A]
£ ERIsl7] sk, HDDS} LPSE Afatal 18417t
HESAJZ] Zof MTT assay® AlE AEES 2SI
t}. LPS AglollAls th24(100.0042.11%)7} vl
ot 68.45+2.38%] AlE HEES UERoY
(p€0.01), LPS2} HDD 10-300ug/mlE A3t wollAl
= 77 69.6844.34, 73.13£1.34, 81.96+2.74,
82.29£0.64%% LPS A=t vluste] Fogt Al
REE] Aol YRR ke SR &= Aqlek
HDD2] 3% &5l thet o] ¢9] A= NO VdF
A Axfe} Al g Aol ZAste] HDD 100,
300ug/ml] E=oIA AES Z1FolkFig. 2).
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@:

3. HDDZt INOSQ| &oi0f| OJX|=

NO2] AL NOS(nitric oxide synthase)ll 2JA
g}, wehA] giANES] iNOS THe] dhdo] HDD
7t FFol ulX= A FRIsk] fote] AME &N
oA INOS iAol WS ALt LPS At
o= iNOS9] o] th71.00+1.12)%} 8|23}
o] 13.92+0.78W&2 |JsHA F7I=% 2, HDD

120

100 1

Cell viability (%)
- [=2] =]
o o o

N
=]

Control 10 30 100 300 HDD (ug/mL)

LPS

Fig. 2. Effects of HDD on Cell Viability
LPS-Activated Raw 264.7 Cells.

Raw 264.7 cells were pre-treated with 10-300ug/ml of

HDD dissolved in DMEM for 1 hour before the LPS(1ug/

mf) treatment, and then the cells were cultivated for 18

hours. And MTT solution was treated to the cultivated

cells. Values represent the mean+SD with four separate

in

experiments for each condition. *' vs. control, **
p<0.01
A)
- iINOS
N ———— | 3-Actin
Con - 100 300 300 HDD (pg/mL)

LPS

B)

Relative iNOS protein level (fold)

100, 300ug/ml FolwoldE 27t 10.35+0.46H,
3.92+0.49812 LPS A2z} tiu|sio] -folskA| A4
FAcH(p<0.01)(Fig. 3).

— O
0xls Sg
HDD®| 45 T2 5491‘3 7] $15] HDD2| A

379 cytokine®] B4 JAls= B7ISHSITh £ o]
HE TNF-e7} FA43A] 1’4&%(18.8517.68138/1119)01
Hl3] LPS AglzollAE 2034.593+89.18pg/ml=Z +
oJ5HA 7181921, HDD 100, 300ug/ml Foiol
A 1282.03+42.5pg/ml, 511.74+18.68pg/ml=
o5l HASIHTHp<0.01)(Fig. 4A). IL-18%=
h27H0.98+0.97pg/md)ell HIs] LPS HlwtellA=
218.37+22.03pg/mE F2JslA 71613 oH HDD
300ug/ml FoIFNNE 46.34+3.73pg/mO2 F-ol5}
A ZA5HAtp0.01)(Fig. 4B). IL-6= 44 ti=
(7.29£0.62pg/m)oll HIS LPS A ZqA+=
1767.02+26.98pg/m=Z S5 F715t3ou,
HDD 100ug/ml, 300ug/ml T4 1099.89+
9.31pg/ml, 818.08+24.91pg/ml= FoJ5HA 45}t

A2

16 -
ke

14 1

12 4

Control 100 300 300 HDD (pg/mL)
LPS

Fig. 3. Effects of HDD on iNOS Expression in LPS-Activated Raw 264.7 Cells.

Raw 264.7 cells were pre-treated with 100, 300ug/m of HDD dissolved in DMEM for 1 hour before the LPS(1ug/mf)
treatment, and then the cells were cultivated for 18 hours. The levels of iNOS protein was assessed as delineated in
materials and methods part. (A) B-actin was used as an equal loading control. (B) The relative density level of the
protein was measured by scanning densitometry. Values represent the mean+SD with four separate experiments for
each condition. *: vs. control, ** p<0.01, # vs. LPS alone, ## p<0.01
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AHp<0.01)(Fig. 40). PGE= FAA Ui
(791.25+446.20pg/nf)oll 3] LPS HlZox=
4423.93+348 44pg/ml2 G5 FIBI9o,
300ug/ml FodollAl 3460.68+146.83pg/mE 9]
SHA| 74kt p0.05)(Fig. 4D).

5. HDD7} NF-«B2| &M0f| OjX|z= Fgk

NFxBE iNOS, COX-2 ¥ HIZA w7l B4 &
ok AAL QIALEA], UHEH O 2 NF«B inhibitory
protein(lxBe)2} A|ZZofA ZAjt=|o] 3lojA NF«B
9] Z-go| AR, LPSe]l s FE A7t B4
StE|¥ [kBe7t JASIEY, NFgB= oz HY
(translocation)=|0] THFet A5 o7 &2 RNAS
ZAReH}. HDDO 9% AAls©l NExB AlE 3129
Z4of| oJgt ZIA] ERlskr] fisto] AEAolA [kBa

A)
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1714 9] 29 1 Raw 2647 AW {LFe) Joi5 ao ot A7
O W 3} Al <ol ] NFxB THld I
p-1¢kBe®] W& & Sl & A7 A4t Ik
B9l WL B3] ti241.00+0.04)°0 HIsH LPS
AElollA= 0.23+0.01812 R2lotA] A= o,
HDD 100, 300ug/ml FoldolAl= 0.71+0.14,
0.89+0.04812 FofstAl  F71513tHp<0.0D)(Fig.
5A, B). p-1kBe?] I FAA| th274(1.00+0.42)
of vl3] LPS AlZolAe 2.69+0.28812 R2l5HA
37F=9101t, HDD 300ug/md Fot2olAl 1.40+0.30
= -FofsHAl ARt (p<0.01)(Fig. 5C). ol
9] NFxB9] &2 FAA] tix{1.00+0.25)] Hla)
LPS AH&ZoAE 4.69+0.56H12 G5kl S7HE9
O, HDD 300ug/ml Fol=tollAl 3.14+0.39H= &
ofsHA 4513t p<0.01)(Fig. 5D, E).
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Fig. 4. Effects of HDD on Cytokine Production in LPS-Activated Raw 264.7 Cells.

Raw 264.7 cells were pre-treated with 100, 300ug/m{ of HDD for 1 hour before the LPS(1ug/mf) treatment, and then
the cells were cultivated for 18 hours. The amount of (A)TNF-a, (B)IL-18, (OIL-6, (D)PGE, was measured by ELISA

kit. Values represent the mean+SD with three separate experiments for each condition.

vs. LPS alone, ## p<0.01

kS

:vs. control, ** p<0.01, #
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Fig. 5. Effects of HDD on IkBa, p-lkBa and NFkB Expression in LPS-Activated Raw 264.7 Cells.
Raw 264.7 cells were pre-treated with 100, 300ug/m{ of HDD dissolved in DMEM for 1 hour before the LPS(1ug/mf)
treatment, and then cultivated for 30(xBe) or 60(p-1xBe, NF¢B) minutes. (A, D) f-actin and Lamin A/C were used
as an equal loading control. (B, C, E) The relative density level of the 1xkBe, p-I¥Be and NF«B was measured by
scanning densitometry. Values represent the mean+SD with four separate experiments for each condition. *: vs.

control, ™ p<0.01, # vs. LPS alone, ## p<0.01

42



0

E RS B5s 7M7) ol fiEt 22 ks
A TR Q%o EEP, eifEe] Aotk AR
ZE saponint BE9] luteolin, tannin 5°] 3
™, flavonoid A%<! luteolin®|4} saponind2 A&
o] FY 2g3} JF 2go] Slrka LA I
7 efftiee] tiet A7R o] T2 e A
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A1 9] 291 Raw 264.7 Aol ko] Jds 5ol ot

Alsto] et BIE 7HAH, ofEE=E QIgh AlEEA
< H35l0] PR} BE 7= AS RISt

flet 2ol ke Hdcke SRt Ehikel &
5ol thet = 22 oA 18g=]ar glou, fki
Fioll thgt A= oEf7RR] G710l ol & AollA
L t#ft I95EE0] Raw 264.7 AlEof|A LPSZ
= 95 o 2459 AE Wik AR 1t
12 AT G52 AnEIA St

VS W2 A HolA Hloju= &4doly
Y A=o] WY o &4 S EslEe ol
7)doltH?, LPS= IS Alsate] S ARo=
jalA|zo] =0 ZheiAH AdSAE wil &2l
[L-6, IL-18, TNF-¢ 5& BHAZIH, ol2jst 4%
X1 vl £ A=os diiAEs E4dskEar
19 Az wkgo] A} QXRl NFxBE EHsislo] 1
23 Fd= iNOSel 25 NO7F A= 1, COX-29]
98] PGE,7} Ao} g5ukgo] frareiny),

I BF2 ARl AP AT S il &

Ol

HDDE] 95 avts gllshr| 93 A #A= NO
A% oA ENE WESIH NOE NOSOl 2JshA
L-arginineCE2RH AG=EM, NOSE=  inducible
NOSGINOS)®}H constitutive NOS(NOSZ U017
o 53] INOS= LPSeF 22 27 A0l A A5
7} 24 52 B3 NOE A4kttt 2] NO= @
T 5 HRIPIA BE 59 85 vk vt
oh B gk,

LPSE AA3t Raw 264.7 cellolA] NOQ| A/ ek
&} Hlwsto] FofslA S7kslalou, HDDOJ &
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o} 100, 300ug/ml2] S04 LPSE Q1% NO 4343
F 3715 ot Az oH, HDDE AA st
LPSE A2t thalN oA f2ofgt AlEs/dS veht
A ket

T3 NOS7} NOE A/dsl7] wiizel, LPSE <Igh
INOS9| o] HDD7} H|X|= F3ke B7Feiitt &
AellA LPS A2 3 FoflA= iNOSY Hdo] &
OfstAl S7k=|3leH, HDD Fofutelxl= 100ug/nd,
300ug/mf2] SLolA FJoHA| A4S of=gt A
T287= HDD7} iNOS9| a2 AJsto] NO2 A
e dAIgEE veRdch

LPS= thAA12E9] TLR(Toll like receptor)?} Agt
oo AAZA wif E29 TNF-¢, 11-18, 11-6 5&
HH[GH] opH o] A2 AT W= RSl Al 2t
S o)d 4 AP, IF TNF-o= 3572 B4
SHA71AL, AVYEHROIA Al 28 S50 28ste] A
22 2211, of A|lZoA] NEAPES Rttt AW
of &3k IL-19] tiF-E91 [L-18= FF A=l &
S o =59 A5 v AAE 94 A=
28, Sl el AN zof|A T Ea|H. o
AAIZ, T AR, WeHzolA $2 EHlE= [L-6= B
cellS BA3lsto] P9 e 2T,

E 704 LPS HX| A] TNF-e, IL-18, 1L-67H&-
o5l Z7I513.ou, HDD FodwollA:= 100, 300ug
/ml = S7FE INF-09} IL-67F oJeHA T4
st9lom, 300ug/ml s=oIA S7H 1L-147}F R<lst
A ZFAasigick

Al QIAIAL] 4 43ERI arachidonic acide=
A=A Y2 §2=o] leukotrieneo] © & cyclo-
oxygenase(COX)°ll 2JsA Als}=|e] prostaglandin
o] /=t COXoll= F 79 55847} EAol=
o), 1% COX-2&= 9% AH=°] = o A=
PGE,Z A4dsle] 8% k- Gudhd, 2 adofA
LPSell s 5=% PGE;2] A3/d%:& HDD 300ug/ml
FE FolrolA FofeHA AAAIFH:

FZS T2 AAF QIARI NFkBe AlEEojA

= o fS

44

inhibitory kappa B Tldal Alsio] B84 A
= Eo] qJr}. LPSof| &Jgt A= 5o tiAlAE ] 71l
AH NFxB7} 1kBeZ5E E&=1, [«kBa7t QAL
A NFxBe Yo H9Eo] A54 #iA #
AAZ AR,

B A= 14Bet p-1kBe2] & 9 NF¢Bo| &
AS H7ISHATE LPS A|A] Aloj| ZA| 3 F=ZHo]lA [¢B
a= oo Astd o, 100ug/ml, 300ug/ml 5=
©] HDD fofatolld= oJstAl S716H3iaL, LPS A4
Aol p-IkBe= FOfSHA S7FIoH, 300ug/ml &
&9 HDD Foifeolxe fofsHA dastsitt. 121
LPS ] Alof| 3 E-&lojlA] NFxB7}-R-JoHA| S7Fot 3
o1}, 300ug/ml 5%=2] HDD Foftolid= ol 7
&390tk o=t A+t Z¥k= HDD7F 1kBe® Qite}
£ A5, NFxB7} kBeltEel= o] S/d8k== 22
by, w2bA NO, cytokine 5 9% W7l E49 TS
ARS Lehdich

2 A= fhEfte] JH R A5/ Aol &84
4= U=l thoted in vitro $E0lA AT A5 171
A& AASIITE T, LFFTo] imEEREER] SHlE
o} i vigto|ug, {kiFio] S B B o
= °FE0] PA5 28] ulsto] A5 aprt EAsR=A,
24 9] wiig} vl ofgA w=A 37 A7 1S
Ao AlmEc E3H NFkB H% A A= o ot
£ 95wl A el Hiet F7H At E8
S A0E AlmHr

it

V.2 B

t

Qo= Raw 264.7 MES LPSE A=E319
DY PJAF TS Hrloto] vt 22 2

it

o
=

c
tlo 8l
ne

1. HDDE= -foJ3t NO A3 Alels-2 Erh folsh Al
EEHS VERA] gttt
2. HDD¥ iNOS 2aE folshA ZAAIZT



. 100, 300ug/m 5=E] FolZolx S7Fe TNF-e,
[L-67F fofsiAl #4stsiom, 300ug/ml =]
FojFol A Z71 1L-18, PGE7t oJ5HA] 24sh
et

. 100, 300ug/mf®] F=0] FofZolx HAAE 1xkBa
o] Wdo] fofohA F7HERCH, 300ug/ml
9] =50] EojlofA Z7hE p—IKBa’ 9} NFxB £l
2] o] foJslA A
olgJst Ax}2 ®o} HDD: Raw 264.7 Aol =

451 kB2 QAL AAlSI NFxBS] 84S 9

Akl NO TNF-e, IL-6, IL-18, PGE,9] W&

Aokl LPSE %= Raw 264.7 A9 AS43

AEES Aole] AT Tse HEHES ERIT &

ot
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