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Anti-inflammaory effects of the Gamroeum in vivo and in vitro
In-Ho Lim - Ho-Jun Jung - Sang-Chan Kim - Seon-Young Jee

Objectives : The present study was conducted to evaluate the anti-inflammatory effects of the Gamroeum
water extracts (GRE) in vivo and in vitro,

Methods : The effects of GRE on anti-inflammation were measured by production of NO, PGE,
(Prostaglandin E), iNOS (inducible Nitric Oxide Synthase), COX-2, NF«#B (Nuclear Factor kappa B), TNF-«
(Tumor Necrosis Factor-alpha) and IL-18 (Interleukin-18), 1L-6 in Raw 2647 macrophage cells stimulated
with LPS.

Results : 1. In machrophage cells, LPS displayed significant stimulatory effects on the production of NO
and PGE,., However, GRE showed significant inhibitory effects on NO and PGE; release. The
level of NO and PGE, was decreased by GRE in a concentration dependent manner as
compared with LPS only group.

2, Immunoblot analysis verified that LPS stimulation significantly increased the iNOS and COX-2
protein level, but GRE suppressed the induction of iNOS and COX-2 protein at a
concentration dependent manner,

3. GRE reduced the elevated production of TNF-e IL-18 and IL-6 by LPS. Moreover, the
inhibitory effects of GRE was occurred in a dose-dependent manner.

4. GRE significantly reduced the expression of NF-#B protein in nuclear fraction.

5. GRE effectively inhibited the increases of hind paw skin thicknesses and inflammatory cell
infiltrations induced by carrageenan treatment. It, therefore, considered that GRE will be
favorably inhibited the acute edematous inflammations.

Conclusions : These results indicated that GRE could have anti-inflaimmatory capacity by inhibiting the
production of NO, PGE, and cytokines in vitro and by reducing the formation of carrageenan-induced paw
edema in vivo, Moreover, inhibitory effects of GRE on the macrophage activation were attributable to the
reduction of some of inflammatory factors by inhibiting iINOS and COX-2 through the suppression of NF-&
B.
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Table 1, Composition of Gamroeum

HERY U =4 H ik (g)
iRk Eriobotryae Folium 16
fafit Dendrobii Herba 16
W Scutellariae Radix 16
B Aurantii Fructus 16
KM% Asparagi Radix 16
MK Liriopis Tuber 16
413 | Rehmanniae Radix Crudus 16
i |Rehmanniae Radix Preparata 16
B | Artemisiae Capillaris Herba 16
e Glycyrrhizae Radix 16
s 160




ANBY FEEL A 160 gol & 1300 mL=
YL 27 308 Fo ARE F oFHER o
A-S #3}o] 0.2 um filter (Nalgene, New York,
NY, USA)Z oJF}3}¢lt}, o|= rotary evaporator
(EYELA, Tokyo, Japan)Z FTAZZs} AL&g
W7kA] -20C oA BFASATE, AEE in vitro A
PAL wjAe Balsto] AHSSlIo™ GREY 5
&< 20.2%

2. N

DMEM, FBS,
Gibco/BRL (Eggenstein, Germany)olA T35}
i, LPS, MTT, Griess reagent, carrageenan
Sigma Chemical Co, (St, Louis, MO, USA)°ilA]

413} %itt. DMSOT Junsei Chemical Co, Ltd,
(Tokyo, Japan)oll4] T8}%a, iNOS antibody
+ BD Biosciences (San Jose, CA, USA)ol|A +
Ystlem, COX-2 antibodys
Arbor, Mi, USA)lN &gt
antibodyt  Cell
(Danvers, MA, USA)9|A|
antibody™ Santa Cruz Biotechnology, Inc.
(Santa Cruz, CA, USA)A F3tt},

penicillin,  streptomycin

Cayman (Ann
P-I-«B
Signaling Technology Inc,
U813, NF-«B

3. M= uje

RAW 2647 MEe SxAHEFL3 (KCLB,
Seoul, Korea)ollA] H-9kito} 109 FBS, 100 U/ml
penicillin, 100 pg/ml streptomycin®] $H-r¥
DMEM HjAE olgst] 37T, 5% CO;
incubatoroflA] Bj9F3lTt. RAW 2647 HEE
1X10° cel/ml 52 24 well plate°ﬂ 77t B3
3l serum free BJAE 3t T 24A|7F F9t
wj¥stirt. GRE 0,01, 0,03, 0,10 mg/mle 747}
J3 1A & LPS (2 ug/mE AHzsto] gt
%t controlT2 TIZRTOZA ofFAT s}

NS ALt AE WG 26807k0] A F 5

ml S50 MIT Ake 93 4x07F 5 1)
Fatct. wWi¥ ¥ A5AE AAsti DMSOES
7bsto] MTTS $hgel| <fsf AAE formazans
43JA]71 & Titertek Multiskan
ELISA microplate reader (Model MCC/340,
Huntsville, AL, USA)Z 0]&3}¢] 570 nmolA]
e =459t AZAEEL control celld]
g Higs Uedigla le.

control) =100X(absorbance of treated sample)/

Automatic

viability (%
(absorbance of control)],

5. NO M4 53

RAW 264.7 AIZZHE 49 NO9 ¥ Al
I el Fol EAISE NO, 9| FE|2A] Griess
AoFS ogste] FAsAeH 6, 12, 18, 2447t
o Az W' 747t A5k 96 well plateo]
NZ g 459 50 wel Griess Aok (1%
sulfanilamide in 5% phosphoric acid + 1% @
-naphthylamide in H,0) 50 W2 E£&3}o] Yu
15% 9 ¥kgA]Zl & Titertek  Multiskan
Automatic ELISA microplate readerS ©0]4-3] }04
540 nmIN FF=S SA3I NO9| Fk
sodium nitriteS 3JMste] FHEE FHsto] &
z 34

Eun L.g EAAE}

6. Cytokinell PGE; £X

RES Azl AE Hj% 18X7ko] At ¥

@‘%%‘3 3lgete] -70C oA HABEGI. TNF-
a, IL-1f3, IL-6= ZZ ELISA Kit (Pierce
endogen, Rockford, IL, USA)E A}&3to ZA3}
%3, PGE;= R&D Systems, Inc. (Minneapolis,
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MN, USA)E AH8ste] ZAsolon, 43| W
[e)

S manufacturer's instruction®] Wkt

7. Immunoblot analysis

20 mM Tris Cl (pH 7.5), 1% Triton X-100,
137 mM sodium chloride, 10% glycerol, 2 mM
EDTA, 1 mM sodium orthovanadate, 25 mM
b-glycerophosphate, 2 mM sodium pyrophosphate,
1 mM phenylmethyl-sufonylfluoride® 1 mg/ml
leupepting  $-fdl= buffers AME3}Y] cellE
lysisA|Zth. Cell lysatesE 15,000xg= 4T ol|4]
3027 A4l 2esto] debrisE AASH Tt A
3 oA 50 pgS #ste] 10% SDS-PAGES] 7
71%9%A)Zl & NC membrane® 2 gel?] THHZ-S
blotA|Zt}, Blocking & iNOS, COX-2, p-I-«B
2 NF-«#B 12} antibody9t ¥HA]Z1 & 23

antibody$l  horseradish  peroxidase-conjugated
anti-rabbit IgGE 4HH3-A|7]1 ECL detection
reagents  (Amersham  Biosciences  Corp.,

Piscataway, NJ, USA)E A}&-3}¢] chal A o] ulg
ATE #olsl9tt. Densitometric analysisES ¢
3  image (Ultra-Violet
Products Ltd,, Upland, CA, USA)S A}&3t4itt,

analyzing  system

1‘—:153%%% 45% ¥ Sprague-Dawleyd 7
(1307160 g)& 159 e &7 #-gA1
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Fig. 1. Inhibitory ~ effect of GRE on the
LPS-induced production of NO,

RAW 2647 cells were treated with 001, 0.03, 0.10
mg/ml of GRE dissolved in DMEM for 1 h prior to
the addition of LPS (2 pg/ml), and the cells were
further incubated for 6~ 24 h. The concentration of
nitrite and nitrate in culture medium was measured as
described in the Methods section, Values represent
mean®SD of three independent experiments,
significant as compared to control, *p{0.01,

significant as compared to LPS alone, #p<0.05, ##p
<0.01
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2. RAW 264.7 MZ0| thst MZSM(Fig. 2).
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Fig. 2. Effect of GRE on the cell viability in LPS
stimulated RAW 264.7 cells,

RAW 2647 cells were treated with 001, 0.03, 0.10
mg/ml of GRE dissolved in DMEM for 1 h prior to
the addition of LPS (2 pg/ml), and the cells were
further incubated for 24 h. Values represent mean+SD
of three independent experiments.

significant as compared to LPS alone, #p< 0.05

Cell Viability
{Relative to Control )

3. PGE2 440 njXl= F&H(Fig. 3).
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Fig. 3. Inhibitory effect of GRE on the LPS-induced
synthesis of PGE2,

RAW 2647 cells were treated with 001, 0.03, 0.10
mg/ml of GRE dissolved in DMEM for 1 h prior to
the addition of LPS (2 pg/ml), and the cells were
further incubated for 18 h. The concentration of PGE2
in culture medium was measured by ELISA as
described in the Methods section, Values represent
mean=®SD of three independent experiments.
significant as compared to control, *p¢0.01

significant as compared to LPS alone, ##p<0.01
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4, iINOS U COX-2 Tzl g5 OjxX|lz= F&
(Fig. 4).
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Fig. 4. Inhibitory effect of GRE on the LPS-induced

iNOS and COX-2 protein expressions in
RAW 2647 cells,

Lysates were prepared from control or 24 h LPS (2
ug/ml) stimulated cells or from LPS plus GRE (0.01,
0.03, 0.10 mg/ml). Equal amounts of total protein (50
ug/lane) were resolved by SDS-PAGE. Expressions of
iNOS and COX-2 protein were determined by
immunoblot using specific anti-iNOS and anti-COX-2
antibodies, Actin is used as a loading control.

5. TNF-a Of 0% ¥ (Fig. 5).
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Fig. 5. Inhibitory effect of GRE on the LPS-induced
production of TNF-q .

RAW 2647 cells were treated with 001, 0.03, 0.10
mg/ml of GRE dissolved in DMEM for 1 h prior to
the addition of LPS (2 ug/ml), and the cells were
further incubated for 18 h. The concentration of TNF-
a in culture medium was measured by ELISA as
described in the Methods section, Values represent
mean®SD of three independent experiments,
significant as compared to control, **p{0.01

significant as compared to LPS alone, ##p<0.01
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6. IL-14 , IL-60i Olxle FEH(Fig. 6).
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Fig. 6. The effect of HIE on GRE stimulated IL-18
IL-6 production,
264.7 cells were treated with 0.01, 0.03, 0.10 mg/ml
of GRE dissolved in DMEM for 1 h prior to the
addition of LPS (2 ug/ml), and the cells were further
incubated for 18 h, The concentrations of IL-18, IL-6
in culture medium was measured by ELISA as
described in the Methods section, Values represent
mean=ESD of three independent experiments,
significant as compared to control, **p¢0.01
significant as compared to LPS alone, ##p < 0.01

7. NF-¢B CHHA W0 0jxl= F&(Fig. 7).
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Fig. 7. Inhibitory effect of GRE on the LPS-induced

NF-xB protein expressions in RAW 2647
cells,




The level of NF-#B protein was monitored 1 h after
treatment of cells with LPS (2 pg/ml) with or without
GRE pretreatment (i.e. 1 h before LPS). Actin is used
as a loading control.
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Fig. 8. Inhibition  of
edema by GRE
GRE was administered to rats at an oral dose of 0.3,
1.0 g/kg/day for 4 days before the induction of paw
edema, Paw edema was induced by subcutaneously
injecting a 1% solution of carrageenan dissolved in
saline (0.1 ml per animal) into the right hind paw.
The swelling of the paw was measured 0 4 h after
carrageenan injection, Dexamethasone (1 mg/kg p.o.)
was used as a positive control, Data represent the
mean=®SD of six animals,
significant compared with carrageenan alone. ##p(0.01
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Table 2, Changes of Histomorphometrical Measurements in the Present Study

Dorsum pedis skin Ventrum pedis skin
Groups Infiltrated Infiltrated
Thickness (mm) inflammatory Thickness (mm) inflammatory
cells (cell/mm?) cells (cell/mm?)

Controls
Normal 0.88 £ 0.16 6.80 £ 259 071 = 0.15 7.00 £ 339
Carrageenan 188 £ 0.27* 2980 £ 1.30* 192 £ 0.18* 890.60 = 14357
Dexamethasone 076 + 0137 8.40 + 2077 082 + 0317 111.00 + 67717
GRE treated groups
0.3 g/kg 174 + 017 27.80 £ 5.07 124 + 0187 25060 £ 48017
1.0 g/kg 123 £ 0157 1060 = 1677 115 * 0117 170.00 £ 43.76™

GRE was administered to rats at an oral dose of 0.3, 1.0 g /kg/day for 4

days before the induction of paw

edema, Paw edema was induced by subcutaneously injecting a 1% solution of carrageenan dissolved in saline (0.1
ml per animal) into the right hind paw. Dexamethasone (1 mg/kg p.o.) was used as a positive control. Values are

expressed as mean®SD of 5 histological fields.
#p(0.01 as compared with Normal control
##p(0.01 as compared with Carrageenan control
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ZAbeHgh, A8ZA% LPS A Aol iNOS &
WA dyo] Tl FUIEoY, LPS
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ZJ5tgle W iNOS T A ofo] ZrarEE AL
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ek
2
%
rir
Z
o
oZ,
oX,
D)
b
X
=2
o
o
S
>,
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8o e o 28 NO A4 A= iNOS thil
A 38 AE AR Ads AT 5 Al
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=
TNF-¢, IL-183, 1L-6 52 AYSA cytokine

b AAslA A,

TNF-a & LPSHHE-9] T4 wi7fAZA A4
HY wkgof QlojA FQagh d3g g}, diAAxE
o} HFAZA EHEE TNF-a & $9A 2
AE=ZAE Yehlin] G e #dEol
Aok IL-18E DAE, dANE, B AX, 4
AAE, SHNINE, 5579 AT EH]
Hu, TNF-«, IL-2, IL-6%} 37 HAIZA
cytokine . 24| ofz] AT L5 A#Eo]
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k. 53] IL-1E T MAE9 activation, B A|Z
9] maturation, NK A|E£2] activityS A5} 3
ot IL-6& SHAE} giAAE] o5f FulEe
b 2319 B A7t JAAZE LslEHES
Al7)2L antibody®] #H|E z=dt), IL-6E
A5 FHAAM A} =2 FAE Uelle A
aeA P,

B AHoA LPSE TNF-«, IL-15 2 IL-69
e o8 Al F7HAFe™ GRE 0,01,
0.03, 0.10 mg/ml& LPSE =¥ TNF-«, IL-6
E oA A ZaAFen, GRE 0.03, 0.10
mg/ml IL-185 frofaiAl ZHaAZithFg, 5, 6).

COX= a3t AEMY w7hAI}l prostaglandins,
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prostacyclin,  thromboxanes F=
prostanoids &/doll Fofsl= JAolh, COXoll=
COX-13} COX-27} EAlsh=tl COX-1& 44
S ZAs7] Y3t prostaglandin Ao FHojstn
COX-2& ASHHE F9dd SAste A2
o3 @SS "iHStE  prostaglandin 0]
g PGEE COX-2 843 ol AAE
W R WA GAATl o BHEc E
¢ 93 BE 53 RGeS efers
histamine, bradykinin, NO 53 tj&o] ¥ F
L 7,

B AgoM LPSE PGE9 AAS #o4 4
A F7HA2H, GRE 0,01, 0,03, 0,10 mg/ml
LPSE 5" PGEE #oA A ZaAAc
(Fig. 3). GREI 9J& PGE:9 A4 37t
COX-2 & Asjz <l AUAE #Fs17] ]
3lo] immunoblot analysisE ©o|-&3sle] AMEZ U
oA COX-2 Tidel WyS zAbstt, A
Az} LPS Az Aldle coX-2 gl do] o]
Z7t=E9l o, LPSe| GRE 0,10 mg/mlS =] 2|3t
AT oAM= COX-29 Ho] As] st
(Fig. 4). ol LPS9} GREE FAlol Aeetdls
o PGE9| A/do] Asid Aol UA|HE Hof
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FI 3tk GREe| o3 COX-2 Tld whad A3
T PGE, A4 Aaiet ¢ frARE B3-S e
S 2X% PGE, A4 Adf= COX-2 &
HE A AYS FAT F A

NOE AAdstedl #Hofsh= iNOS9| WHae] #
ofgle= Zlog dejzl FARAJIAZEE NF-«B,
AP-1, C/EBP To| 9len”, o 3 tmAq
AN ZAEQAE NF-«BoltH”, NF-«BE A¥A}
oqAl, AEF7] 24, oncogenesis 5= #HA
Qo™ oz} e elo} 24¢ A HEH
AsuHgol s &4dstEo] iNOSY TNF-«
A7 o] AAEG”. FANZAN NF-«B
AEA YollA inhibitory molecule?] I-xBa
-kBB, I-£Be, pl05, ploosd ZAgsto] |
P o8 EAstAN, LPSY Tat, Tax 59 7
o] 2J3] NF-#B signaling cascade?} &43}5

I-« B, pl05, pl00°] degradation¥]HA] NF-
«B7} 3 W& translocationd}®] COX-2, iNOS,
Bcl-xi, cIAPs ¢ HE =gt 1-«B
protein®] EF+= I-kBa, [-«Bf, [-kBe 50
2 YA YA AEAM 7P FH3 NF-«B
9] inhibitory protein& I-xBa o]t}

i
i
(et
2

=

o
—_

T orr 2o rlr

= Vi<

B AgdHE & Yod NF-«BY @3ds
2R3 90tk LIPS Az Alde Fue] Ak

NF-«B2] wdo] F7lElov, LIPS GRE
0.01, 0,03, 0.10 mg/ml& Az|e APFME
NF-«Be] Wélo] dA|s] 7H238k3irk(Fig. 7). ol
GRE7} fr&3}+ iNOS ¥ COX-29] ZH4AE NF-
kB9 translocationo] AAFOoZ QI3 AUL 9
tlgil,

939 74 24 F shiel FEE fEa
98t} ARS8k carrageenan 1= FAES 29
carrageenan®| UM Eo| djgt HeEld =428
A o 9L Losle BHE o8 Aol
carrageenan | ZFoA FE3 LPSY dFoR

FES e, RS 27 FElde



histamine, 5-hydroxytryptamine, kinin, PAF &
o o] #ofetal, 147 o]F 6ARHA F7
1-%7]9E prostaglandin, superoxide anion, NO
Fol Bofshz Aow deAl Yo,

GREZ} in vivoollM= &9%5 92 Yehls
AL F718t7] 9819 carrageenan® 2 =% rat
o ¥ Rzd td GREY &HES FHrlstdrt.
carrageenany USA| X0 HAFS Fukek FAE

I'_‘E
s iiﬂo}“i AAFdT =29 T’;‘*é °é%‘—°ﬂ
al

N o] AFlo|HE carrageenand AX|3F T
o BxS 598193, GRET carrageenan

23959 o

A2 F, 3ARE 47 frofg
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A Ae dSAEY F4 7 9 34 ug
of o3 us 2 uhilg ¥R T F} B2
e}, 0|3t carrageenan T FA REA F
T 24, IFANE 1.0 gkgdl GRE Fo9
s e Ul dAE JAEHAN e, Wulg
03 2 1.0 g/kg?l GRE FolFoA $94
A= Ak Table 2),
% o] 44 PZAEY S5 carrageenan
TAA F94 de FHE UYHUNL
dexamethasone 2 1,0 g/kg GRE ﬂﬂ:ﬁ"ﬂ/\ﬂf
carrageenani O] B3] Fo4 e FAE Ueh)
tH(Table 2, Fig, 10), ¥nlet mXo g%
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