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LPSE 5% RAW 264.7 cell®

Effect of Gagam-Danguieumya through Regulation of MAPK on LPS-Induced
Inflammation in RAW 264.7 Cells

Tae-yeon Kim
Dept. of Oriental Pathology, College of Korean Medicine, Se-Myung University

ABSTRACT

Objectives : Danguieumyja is a traditional medicinal prescription to treat skin disease. It was commonly used for the
treatment of itching, chronic urticaria and atopic dermatitis in Korea by the addition or omission of several herbs. This study
Investigated the anti-inflammatory potential of Gagam-Danguieumja (GDE) water extract.

Methods : We examined the effects of GDE on the lipopolysaccharide (LPS)-induced production of nitric oxide (NO) in a
murine macrophage cell line, RAW 264.7 cells.

Results : GDE inhibited production of NO in a dose dependent manner and also decreased the expression of inducible
nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2). As a possible molecular mechanism of anti-inflammatory effect increased
phosphorylation of mitogen-activating protein kinases (MAPK) by LPS were blocked by GDE treatment.

Conclusions : These results suggest that GDE has an anti-inflammatory therapeutic potential through the inhibition of
MAPK phosphorylation, thereby decreasing the expression of pro-inflammatory genes.

Key words : (Gagam-Danguieumyja. anti-inflammation, nitric oxide, inducible nitric oxide synthase, cyclooxygenase-2.
mitogen-activating protein kinase
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Table 1. Composition of Gagam-Danguieumja.

I;Iliggl Scientific name D(gge
OB Angelicae Gigantis Radix 8
EEES Paeoniae Radix Alba 8
n# Cnidii Rhizoma 8
HE B Rehmannize Radix Fecens 8
#M% Liriopis Tuber 8
A& R Cynanchi Wilfordii Radix 6
H = Glyeyrrhizae Radix 6
£ E Zingiberis Fhizoma Recens 6
A Aretil Fructus 4
FERL Tribuli Fructus 4
x B Jujubae Fructus 4
SR FRonicerae Flos 4
hbkT Schizandrae Fructus 4
BH Corcis Semen 4
H Jlt Atzactylodis Macrocephalae Ehizoma 4
SIS Cinnamomi Cortex 4
it Portulacea Herba 4
HOE Aurantii immaturus Fructus 4
P Forsythiae Fructus 3
% W Bupleuri Radix 3
= T Angelicae dahuricae Radix 3
Mg R Lycii Radicis Cortex 3
ok Crataegi Fructus 2
# o Coptidis Rhizoma 2
i A Massa medicata Fermentata 2
WA Menthae Herba 2
#OF Schizonepetae Herba 2
Total 120




2) Al oF

2 Ago] Al4-¥ LPS(Escherichia coli 055:B5),
Sodium deoxycholate, NaCl, Tris-HCI, Sodium
pyrophosphatex Sigma-Aldrich, Inc.(St Louis, MO,
USA) 2 23¥, FBS. penicillin, streptomycin. DMEM
2 trypsin-EDTA solution< Gibco BRL(NY, USA)
2 3E, Methylthiazol-2-yl-2.5-diphenyl tetrazolium
bromide(MTT), Trizol ¥ DMSO+= Amresco(Cochran
Road Solon, OH, USA)&2*¥, Nitric Oxide Detection
kitx Intron Biotechnology(Sungnam, Korea)Z%
B}, EZ-Western Detection Kit= Dogen(Seoul, Korea)
2 23E], DC Protein Assay Kit® Bio-Rad Laboratories
(Hercules, CA, USA)ZXE], RNeasy protect mini
kit, QuantiTect Reverse Transcription kit, QuantiTect
SYBR Green PCR kit~ Quagen(Hilden, Germany)
ZRE, protein extraction bufferd] Proprep< Intron
Biotechnology(Seoul, Korea) 25-€{, Rabbit anti-
phospho-extracellular-regulated protein kinase(ERK),
anti-ERK, anti-phospho-c-Jun NHs-protein kinase
(JNK), anti-JNK, anti-phospho-p38, anti-p38 %
anti-B-actin primary antibody® Cell Signaling
Technology (Beverly, MA, USA) 2 €] Goat Anti-
Rabbit HRP-conjugated secondary antibody+ ABcam
(Cambridge, MA, USA) o2 HE] F9)8le] Ap&-3}
At
2. 4

1) Az ek

RAW 264.7 cells< gH=F A EF 23] (Korea Cell
Line Bank, KCLB, No. 40071)(Seoul, Korea)ellA
Fopsrem Az wickE $3te] 10% heat-
inactivated FBS¥} 1% penicillin ¥ streptomycin
+ Z33s DMEM wi kol A wi fslodet, Al 2=
37 C 5% COp 2713}l A] vl oFaksda, 2Umpet ol
A5 w3stgom, Az A g Igdx |
s s str] 91k Al wf ksl

2) MTT assay

Z/efof

RAW 264.7 cellsE 10% FBSE E3§st DMEMoI
#eA17) = 96 well plate(Corning, USA)ell 5x10*
cells/mle] M ES7F S22 100 ply 2F8ke] 37
T, 5%, CO, incubatorell A 24217+ vkt & GDE
£ 0, 0.025, 0.05, 0.1, 0.2, 05, 1, 2 mg/ml¥] ¥ =
A3l 2447 <k wieksldtt. ol % 5 mg/mle]
MTTE 7+ wellel 20 ul ¥ & Ao} & 5 42|17
5<F 37 T incubatorol| A wieFst & AZHE A
Ast DMSOE 200 pl® EF3he] wellell A%
formazane] & H& 4 QA FE3| E5 EF
=] % Synergy 2 microplate reader(BioTek, Winooski,
VT, USA)E AHE-3ted 570 nmelM F3EE 24
stglon, 339 Aoz To W FFpG =
T+ HAE T3

3) NO assay

RAW 264.7 cellsE 10% FBSE E3§st DMEMoI
etr 7] = 96 well plate(Corning, USA)el 5x10*
cells/mle) M ES7 F22 100 W8 BFshe] 37
T, 5%, CO, incubatorell A 24217+ vkt ¥ GDE
£ 0, 0.025, 0.05, 0.1, 0.2, 0.5, 1, 2 mg/mle] =
Axeste] 1A7F St ekt ¥ LPSE 1 pg/ml
o F== AEsle] 24AI7F Fk w3t o] &
A5AE 100 pA FHe HZ 96 well platee] ¥
<2 % Nitric Oxide Detection kit®] N1 bufferE 50
ul A7kskar 1087 incubatorel ¥l AW &,
oAl N2 bufferS ¥ 1087 A=A 8 H ol
Synergy 2 microplate reader(BioTek, Winooski, VT,
USA)E AR4-sle] 540 nmelM FF=E 33 =4
stglom, Jof W3t FH3I 2F HAAE T34

. ZF¥ 02 Nitrite standard® AHgsle] 25
As A8ty A LAE (nitrite, NO, )9
AFZ3E9] o

4) Real time RT-PCR

RAW 264.7 cells= 10% FBSE *33t DMEM
of A=Al 3 100 mm cell culture dishes(SPL
Lifesciences Inc, Korea)ell 5x10° cells/ml¢] A 2457}
HEE 10 m¥ #£53k 37 T 5% CO, incubator
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LPSE 7T & RAW 2647 cell2l ¥ZEHSoM MAPK Z=Hol| 2|3t mgEweRFol gd3

ol A 24A17F wioksisich Al2& DMEM A=
233 5 GDE(2 mg/ml)E HlZel| A]s}ed 147F
5ot wleksl A5Al LPS(1 pg/mDE 228k
24717k 5oF wieFsksith. RNeasy protect mini kit
o]-4-5}+] spin columnell &% % RNA: QuantiTect
Reverse Transcription KitZ. % AKreverse transcription)
A17] % QuantiTect SYBR Green PCR kitZ o4
ste] AAZE 42 $3(Real-time PCR)+ A3
8ot} recation mixture:= cDNA template 2 pl,
SYBR Green PCR master mix 10 pl, primers Z 5

Table 2. The Primers for RT-PCR Analysis.

3

ol

pMell RNase free waterS go] & 20 ple] 4o
AlgEtdeh 22271 95 TolAM 1587 WA
e & 04 T 15%, 55 T 30%, 72 T 30z 3¢
AE & F712 555715 dhEskldh

mRNA & Axe A2 A $F A<l
Rotor Gene Q ¥ software(Qiagen, Hilden, Germany)
£ At AE-EAE e INOS, COX-2¢]
mRNA A= B4 A] housekeeping 5421 Cyclophilin
< internal control® Are} ZF3} AJZH. primer
77ke] Q7| o5 ZoH(Table 2).

Gene Strand Oligonuclotide sequences (5 to 3" direction)
INOS Sense GTGTTCCACCAGGAGATGTTG
Antisense CTCCTGCCCACTGAGTTCGTC
C0X2 Sense TGCATGTGGCTGTGGATGTCATCAA
Antisense CACTAAGACAGACCCGTCATCTCCA
Cyclophilin S(J:nse ACCCCACCGTGTTCTTCGAC
Antisense CATTTGCCATGGACAAGATG

5) Western blot

RAW 2647 cellsE 10% FBSE ®3gst DMEM
o A7 = 100 mm cell culture dishesell 5x10°
cells/ml o] MZS7F H2F 10 mlB EF3}e 37
T 5% CO, incubatorell A 24417+ wi<katsict. A
2% DMEM ®AZ w33 & GDE(2 mg/m)E
Mo AMelste] 1A7F T2t wiekdt & MAPK &
A& &A37] $8ked LPS(1 pg/mb)el 108 59t
exposedtsich. Hhg-o] FEH F wiAE AASL
Cold PBSZ Al- 38t % protein extraction buffersl
Proprepe AH4-3le proteine F%3}%t}. Protein
contentE DC Protein Assay KitE AM8-3she] A
sto] 20 pgel wMAL 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis(SDS-PAGE)=Z
£2]3}2, Hypond-PVDF membrane(Amersham, Little
Chalfont, UK).22 transfers}ich. Transfer® membrane
2 Tris-buffered saline Tween 20(TBST : 20 mM

342

Tris, pH 7.6, 136 mM NaCl, 0.1% Tween 20)°ll
53l 5% skim milkell 1A17F <t Al2llA blocking
g % anti-phospho-ERK$} anti-ERK, anti-phospho
-JNK¢} anti-JNK, anti-phospho-p382} anti-p38 MAP
kinase$} B-actin primary antibody(1:1000 dilution)
2 4 CellM overnight HH-8F 3 TBSTE. 33] washing
3}3, HRP-conjugated secondary antibody(1:1000
dilution) & 1417} FoF A-2ellA wH-g-A17iel TBST
2 33] AlH38 3 EZ-Western Detection KitZ &
gub-sA A =g DA F g AR o]w]
A BEA A 289l FUSION-SL2-3500.WL % FUSION-
CAPT software( Vilber Lourmat, Eberhardzell, Germany)
£ AHS3le] EAEH.

3. #ErEA
7 A 7] BAEA EAL SPSS 17.0 K
for Windows &4 =273 s}7|x& AF4-3}ed one



way-analysis of variance® AA|3tgow fJ4F

<+ KX0.052 3kt

m. & =

1. MREHRT MESY As

GDEZ} RAW 264.7 cells®] &g n]xE= of
S dotr 7| 95t MTT assay% A skl
ol A E A 4 2T FHE IS
10002 Aty 74+ F4x & shlsle] Ak
A}, 0, 0.025, 0.05, 0.1, 0.2, 0.5, 1, 2 mg/ml %o
A A A == 100.0£7.8, 105.3+7.0, 109.625.3,
112.2£75, 111.1£6.5, 99.9£6.2, 96.7+7.3, 97.1£7.0°.=,
GDE AA A FxelA dzFe] o8 Aol
HAFA gk (Fig. 1).
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Fig. 1. Effects of GDE extract on the cell viahility
of RAW 264.7 cells.

Representative sticks show that cell viability in
RAW 264.7 cells by GDE extract (25 pg/ml, 50
pg/ml, 100 pg/ml 200 pg/ml, 500 pg/ml, 1000 pg/ml,
2000 pg/ml) treated for 24h at 37 C. Cell viability
was measured by MTT assay as described in
materials and methods.

GDE : Gagam-Danguieunya, MTT  methylthiazol
-2-yl-2.5-diphenyl tetrazolium bromide.

2. MBEHERTS NO d 24 =23t

LPS Aol €8t RAW 264.7 cellse] NO A4
Z7} 7146l vA= GDEY 2H4-& Fals}r] $13t
o NO assays AAIEHsich LPSEE 23t 2+

Z/efet

9] NO AA =S 7.02£0.24 pm o]l e, 0.025, 0.05,
0.1, 0.2 mg/ml =AM NO AAHS 7zt
6.79+0.25, 7.40+0.21, 6.760.23, 6.86£0.26 ym= 2
I} o8t Apol7} A=A ekskont 05, 1, 2 mg/ml
FETolMe] NO A= 5.79+0.21, 4.54+0.17, 3.28+
0.15 pmz 2ol wiste] frofdt 24 Zah* X005,
t X0.001)E e ek (Fig. 2).
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Fig. 2. Effects of GDE extract on nitric oxide
concentration in RAW 264.7 cells.

Representative sticks show that nitric oxide
concentration in RAW 264.7 cells by GDE extract
(25 pg/ml, 50 pg/ml, 100 pg/ml 200 pg/ml,
500 pg/ml, 1000 pg/ml, 2000 pg/ml) treated
for 24 h. Nitrite oxide was measured by nitirc
oxide detection kit's method.

GDE : Gagam-Dangureumja, NO : nitric oxide
* K0.05, ¥ £€0.001 compared with control.

3. MREEE T2 INOS mRNA &8l Za 21t
RAW 2647 cells @141 iNOS mRNA®] A=+

e WA A3} A2 GDE =5 A2
S ZH7F 0001200, 0.011+0.0019] & vFehisl
™, GDE+LPS A2]++(0.051£0.012)¢] 7% LPS
5 22 2(0.163+0.012) 9] 333%% +AA e
Aag el $=H(Fig. 3)

10 olt, IUE'-I
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LPSE FZ&E RAW 2647 cellel BZEHEOIM MAPK Z=Hof o3 MmRERKFol &¥E &1
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Fig. 3. Degree of relative iNOS mRNA expression
by GDE in the LPS-stimulated RAW 264.7

cells.

Reltive mRNA expression
(iNOS £ Cyclophilin)

Analysis of relative iINOS mRNA expression in
RAW 264.7 cells was done by quantitative Real-
time RT-PCR. RAW 264.7 cells were treated with
GDE (2 mg/ml) or without for 24 h in the absence
or presence of LPS (1 pg/ml). Cyclophilin was
used as internal control genes.

GDE : Gagam-Danguieunya, LPS  Lipopolysaccharide,
iNOS : inducible nitric oxide synthase

+ 0,001 compared to the only LPS treated group.

4, MREEERT2 COX-2 mRNA 28! Z4 =23t

RAW 264.7 cells o141 COX-2 mRNA®] A=A
e A2 A3t FAALZH GDE 25 A7
=+ 7% 247 0.006+0.001. 0.103+0.014¢] & et
Wlew, GDE+LPS #2]+(5.128+0.814)2] 7%
LPS == A2|(7.718+0.788)¢] 664%2 oA
e AaE Jep A (Fig. 4).

L

5.000

8.000

7.000

6.000

5.000

4.000

3.000

Relative mRNA expression
{ Cox-2 { Cyclophilin )

2.000

1.000

0000
LPS(-)fGDE(-)  LPS(-)/GDE(+) LPS(+)/GDE(-] LPS(+}/GDE(+)

Fig. 4. Degree of relative COX-2 mRNA expression
by GDE in the LPS-stimulated RAW 264.7
cells.
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Analysis of relative COX-2 mRNA expression in
RAW 264.7 cells was done by quantitative Real-time
RT-PCR. RAW 2647 cells were treated with
GDE (2 mg/ml) or without for 24 h in the absence
or presence of LPS (1 ug/ml). Cyclophilin was
used as internal control genes.

GDE : Gagam-Danguieurya, LPS : lipopolysaccharide,
COX-2 : cyclooxygenase-2

* X0.01 compared to the only LPS treated group.

5. IREFHERT2 MAPKs Z=Z2| oltst x| g2t

RAW 264.7 cells o141 MAPKs 722 <14z} A
=% western blot& Fs #A3t A3 GDE+LPS
2]+ P-p38, P-ERK(P-p44d - P-pd2), P-JNK
(P-p54 - P-pd6) &> 27 69.7%, 61.1% - 68.2%,
80.0% - 91.3%= LPS 5 A2 (100%)l ®]s}
of ZHAHASE AT & sl (Fig. 5, 6, 7, 8).

P
pH4 m—
INK D
bk PP C e——
P—p46 L N —
B—actin R e Tt e e
LPS - - + +
GDE - + - +

Fig. 5. Effect of GDE on LPS-induced phospholyration
(P-) of MAPKs in RAW 264.7 cells.

RAW 264.7 cells were treated with GDE (2
mg/ml) or without for 1 h before being incubated
with LPS (1 pg/ml) for 10 min. Whole-cell lysates
were analyzed by western blot analysis.

GDE : Gagam-Danguieunya, LPS : lipopolysaccharide
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1200
E 100.0
2
T 800
E 60.0 —
8 I I
g 300 =
i
2 00 [— p—
00 — —
LP.S[—:I,."GDE[—:I LP.S[-),."GDE[+:| LPSI’+?,."GII[-:| LPS[!—),!'GDE[*-:I
Fig. 6. Effect of GDE on LPS-induced phosphorylation

of p38 in RAW 264.7 cells.

Phospho-ERK
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Fig. 7. Effect of GDE on LPS-induced phosphorylation
of ERK in RAW 264.7 cells.
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Fig. 8. Effect of GDE on LPS-induced phosphorylation
of INK in RAW 264.7 cells.
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SRS, SRKRE, BEEARE Y BHos i
HEN e migel MER QI S, IR A%E
A Frey] 59 X2 $491 9 EE
fRfol dE AFEE ] S8E= IRES
fRrol Sgh AR0 g Ak AT EERRT K
el P allergy KHES}F mouse®] ffiibing
of X oJ3F, MBREEAR Y, EEAK T i
s ALE mE ANES W) olEd) §E B
Dol w3z o, G-l Aok Az A S
5= EA2= 3+ anticonvulsant hypersensitivity
syndrome A& So] it

GDE™:= Rt BH4Ee) [HehLrEol A o} xy] )
Bqle] grejshA W F shal fhEe] dclez
BERAERG BERRERA# SOMER R SR A
BZ IRABRERNR BRI 12 & Ao A3}
of HEREKToll iHEERE, BEEUAE. MIEER. TR
B, EAINE S BES] b 7hebed B2MiA
% MERLARZ A BHozE HEss o=
3|4 g1l AHEe7] $ete] (EHE Y

A5 A3 AZ WellA gt Asdd 24
E5 43171, o] & MAPKE AskE &
3lod nuclear factor-kB(NF-«kB), activator protein-1
(AP-1), activating transcription factor-2, cAMP-
responsive element binding proteing E&3F vhofst
ArRIAES 7= A AzAd A2
BT g ameby QAN EE v g 9=
uk-So) 9le] NO AA &4 9l iNOS, prostaglandin
A &2 A 249 COX-29 4 =

;

A3 o5 AR TR o} Fo AsAY
279 MAPK®) B4 24& 912 #5¢ 243

7] $13 A 24N QAH T glgh

A Al E(macrophage) = LPSE v 33 thokst
WA 2 kel o8 43, o AR
4] 93led NO, prostanoid 52 A9 AHA,
tumor necrosis factor-a(TNF-a), interleukin(IL)-18,
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LPSE RITE RAW 2647 cellel HEHtSollA MAPK =Hofl o3 M gsmertel gHE

[L-6 52 A9=A cytokine, chemokine 5 %=

] 7] Q1 2L %F/l%‘ii%ﬂ 9 AAE AAF
g AR BpaERA Fo3 %}9—
gt 2 o7 A}M RAW 2647 cell&

9% 12l 258 AFAL A7 95 o < 2

A5 F2E FEdhe ASHLHZY A
= 7 =& Hrbslr] Slg AgrdE 7}7L
o a3 ot = Aol RAW
c 3 A& AdsA o= GDE
555 ZARE A3} 2 mg/ml ol 3] FEelA
GDEZ} AAA Ze} fo8t 2fe] & HolA] ookt

LPSE Al WelA 95& do7]% inflammagen
o2 g AM-Fo] gt} LPSE 95ubs WA
ZFA1A 98-S 89, nitric oxide(NO). prostaglandin
E2(PGEy) H 1eukotrieneJJr e A3HRAY A

A& AT, o] dFvuiiAL AZARE A5
s S eﬂroﬂﬂ% GDE®] 934 A3t o
& 2HE Fqsr] f1ske] RAW 2647 cellsel
LPSE Aggezx NO AA, iINOSet COX-2 %
&, MAPK®] Atsks =3kt

NO+ nitric oxide syntheses(NOS) & Al ¢
3oy L-arginine 2 HE A= NOSE AW
A dtd gz M Fod J&E e o
£ neuronal NOS(nNOS), inducible NOS(INOS),
endothelial NOS(eNOS)¢t Z& 37149 ez

EAEE. 1 % INOSE 452 s dve

98 &4 F shteld” INOSE Ca?' w]o&A]
AEE B Az AAH FUlste oEFY
NOZ A%, iINOS 31> murine macrophage,

WoAz, 324 x Z A HE 5 3 Ax
oA #AE T glet 17k INOSE A5A A she]
AdE At macrophageoﬂ/ﬂ E}‘“*"] NOE A4 3}
of A¢ Ade °—11ﬂ?5}71 = T- "ﬂi%ﬂ% oq

[¢]

198 NOS AAFE 271
AAe 54 w3l o8] T Ax) £4

1}

ol

& o713 2 AT A NO BAE 7447
GDE® +=%& AR 23 500 pg/ml oA
ZoA oA e A 2AE FAdF 4 8%
o GDE A2+ INOS mRNA %d =3t njx
glel vlE JAES FAE 4 A

INOS9} v 8o H249l AF9d5w7] £49 COX
+ arachidonic acidE 9517 1Ak] prostaglandins
(PGs)Z AZA7IM COX-13 COX-22 =A|st
ot O F COX-2& AAA A=z = AY
W7 o} ape| 27}l uteE|o} E4, LPS
54 A 4% Alzel os] dEEe w2 <k

GsE AAF d5E F=3o webd C0X-2
ﬂ A 93 552 a4 $ giE =
ATox GDE Azl COX-2 mRNA #d =
g oA ol vls JAEE AT 5 Sl
choFst o] atFel ofgt ARl AR
AFFEul 249 COX-2v INOS 2Hdlo] =
He 3 dA7A vxA & EAstE Fo
MAPK superfamilyell <31= Al 7}#] &49l ERK,
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