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Inhibitory effect of Gentianae Radix MeOH extract on pro-inflammatory
mediator production in lipopolysaccharide activated Raw 264.7 cells

Mi-Seon Kim' -Won-joon Cho' -Sun-yi Hwang' -Jong-rok Lee’ -Sook-jahr Park™ -Sang-chan Kim®* -Seon-young Jee'

In traditional oriental medicine, Gentianae Radix has been used clinically for clearing away 'heat, removing dampness
and purging fire in the liver and gall bladder.

However, there has been a lack of studies regarding the effects of Gentianae Radix on the immunological activities. The
present study was conducted to evaluate the effect of Gentianae Radix on the regulatory effects of cytokines and nitric
oxide(NO) for the immunological activities in Raw 264.7 cells.

After the treatment of Gentianae Radix MeOH extract, cell viability was measured by MTT assay, and NO production
was monitored by measuring the nitrite content in culture medium. The expression of COX-2 and iNOS was determined by
immunoblot analysis, and the content of levels of cytokines in media was analyzed by ELISA kit.

Results provided evidence that Gentianae Radix inhibited the production of nitrite and nitrate (NO), inducible nitric oxide
synthase (INOS), interleukin-1 8 (IL-13) and IL-6, and the activation of phospholylation of inhibitor xBa (p-1#Ba) in
Raw 264.7 cells activated with lipopolysaccharide (LPS).

These findings suggest that Gentianae Radix can make anti-inflammatory effect, which may play a role in adjunctive
therapy.
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+ reactive oxygen species(ROS) ¢} interleukin
(IL)-18, tumor necrosis factor (INF)-a %
IL-6%} 2 cyrokined AAkste] ZHz719) A
ool 4% H%g sk AlEolt}, Macrophager}
A, EHl3h= IL-18, TNF-a 2 nitric oxide
NOE =Fd ABAd &48 298 4 3s
Aoz RuED o, webd NO AN AsA)
T septic shock, W28, FHAs}l 2 FFuks
Y ZEAZAY bRl B A Bs
o]FoJA 1 I}, HZo= Polygonum tinctotium®,
Melia azedarach6), Cyperus rotundusw, Cudrania
tricuspidat()), 28" = 3o 2 AAZ A o]y
& 2AAE 27 98 g2 AWl APHn ¢
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RS, WA, B kS Kite] Slo) |
B, BB, T, b, R, OAEE, i
%, 0%, BAmEe 12 9,
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1. #8589 Hx

BRI () AL, T, B) 300g& MeOH 2L
ol Y1 297 58 F 2L AZXE 13} o35}
o] 3,000 X gellA] 383t QAlE-eletL, A5k #
Blod 0,2um filter(Nalgene, New York, NY, USA)Z
oJ5}3} ¢t} o] rotary evaporato{(EYELA, Tokyo,
Japan)E FAAZSL AME W7t -20C oA B
3ttt GRY 482 22.2%%0H A¥HAM GRS
DMSO(Dimethy! sulfoxide)o] %o A}4-3} 53t}

2, Mzuj e

Murine macrophage cell line?] Raw 264.7 cells:=
FTAEFATAHD M T, Dulbecco's
modified Eagle’s medium(DMEM)o| 10% fetal
bovine serum(FBS), 100U/n! penicillin 2 100ug/ml
streptomyciny £33 WA E AR3lY 37C, 5%
CO; incubatoro)A] vj<¥slgict, A@AAL] =
cellss= 80 90%2] confluencedl}r] A&& %L, 20
passagesZ J7| 2] F-& cellft AHE-3} T}

3. A%

Lipopolysaccharide(LPS)(Escherichia coli 026:B6;
Difco, Detroit, MI, USA)$} 3-(4,5-dimethylthiazol-
2-y1)-2,5-diphenyltetrazolenm(MTT)2  Sigma(St.
Louis, MO, USA)ollA 7413} 241, FBS$} antibioticst=
Gibco/BRL(Eggenstein, Germany)Z%EH T34
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2n, Antibody:= BD Bioscience(USA), Cayman
(USA), Zymed(USA)IH 7413t 11L, NC papere
Schleicher & Schuell(USA)ellA 798}9ic}, TNF-
a, IL-13 9} IL-62] ELISA Kiti= Pierce endogen
(Rockford, IL, USA)SJA F-913} it}

4. HE YZE &4

Raw 264.7 cellsZ 96 well plateo] 5x 10°cells/
well2 ¥58 o GRE $EEE HA3lo] A E9]
Hzge 7Tt A 0.01-03m/m ] FEZ
GRE AR5 37°C, 5% CO; incubatord|A] 1l o3}
Aok, w3 AEAE MTTO.5ng/ml) 5 4|3}
o, 4AR WY F, WAE AASL A4E
formazan crystals-& DMSO©] =] Titertek Multiskan
reader(Model
MCC/340, Huntsville, AL)Z 540molA] 3 =5 &
A3k, AEREEL control celle] df3 &R
et sict.

[i.e. viability(relative to control) =

Automatic  ELISA  microplate

absorbance of treated sample/absorbance of

control],

3

5. NO 4d%

A

Raw 2647 MEF2HE AAE nitric oxide
(NO)8| %& AT WY Fo EAk: NO.'9|
HY2A Griess AlokE olgste) 243t Al
Tk AFS 10049} GriessA|2H1% sulfanilamide
in 5% phosphoric acid + 1%
in H;0) 1004E Z¥3te] 96 well plated]A] 10
B GAelA whgAIZl & 540mmollA] Titertek
Multiskan Automatic ELISA microplate reader
(Model MCC/340, Huntsville, AL)E &3 5& =3
39t NO9 $%5% sodium nitrateE 343}

a -naphthylamide

30
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6. Immunoblot analysis

20mM Tris Cl(pH 7.5), 1% Triton X-100,
137mM sodium chloride, 10% glycerol, 2mM
EDTA, 1ImM sodium orthovanadate, 25mM
b-glycerophosphate, 2mM sodium pyrophosphate,
ImM  phenylmethyl-sulfonylfluoride®}  1mg/m!
leupepting 33} buffers ARS-31o] cell S lysis
A7}, Cell lysatesE 10,000 x g2 1087 Q4%
3Lo] debrisZ A3} ic}. iINOS$} COX-29] WE L
antimouse iNOS, COX-2 antibodies& AMH&-3lo] H
sy PEoE $N3gon, ant plcBa
antibodyE AH§-8te] p-I-#Ba proteing Z43}3
t}, 23} antibodys= alkaline phosphatase conjugated
anti-mouse®} anti-goat antibodyE AHE-3}IY),
iNOS$} COX-2, p-I-«Ba protein®] bande ECL
western blotting detection reagents(Amersham)&
AH3le] manufacturer's instructiono)] Wi} WHAl3]

St

7. Cytokine &3

CywokineE ZA3}7] $35lo] G-well plated]
cells(1 X 107m}& BF3}1L GRE FEEZ AXY

&, 1A 3ol LPSE A A3t Ak, LPS HA| & A
Azt WA & A cytokined A8t
A€ WiAE &3 A7A -70CoA B#sn.
TNF-a, IL-189} IL-6E ELISA Kit(Pierce
endogen, Rockford, IL, USA)E A3t Z431%
oo, Ao ¥HL manufacturer's instructionol]

Tt
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8. 8AH A3
SAAeE SPSS 100 for windows program

< ol wRe] S B 93l
Z} One-way ANOVA test2 A33141, AFE A
0% Turket testZ AMRsleo] w|wslgch, 49
FEE p(0.052 3%,

)l

a

1. GRO| LPS2 &M3lE Raw cell?] NO M
Aol oxj= g

N
o

EE3 NO

Fold Increase
(Relative to Control)
5 = 5

e
2]

o
o

CON - 001 003 010 030 (mg/mi; GR)
LPS

Fig. 1. Effects of GR on the production of NO in
LPS stimulated Raw264.7 cells.

Raw 2647 cells were treated with various
concentrations of AF dissolved in DMSO for 1 hr
prior to the addition of LPS(1 ug/ml), and the cells
were further incubated for 24 hr, Control cells were
incubated with vehicle alone. The concentrations of
nitrite and nitrate in culture medium were monitored
as described in the Materials and Methods, Data
represent the mean *SD with eight separate
experiments, One-way ANOVA was used for
comparisons of multiple group means followed by
Turkey test(#, significant as compared to control, ## P
<0.01, *, significant as compared to LPS alone, * P
<0.01).

LPSE A28t Raw 264.7 cell)4] GRS NO QA
A A=E #A37] 3l GRE 0.01-0.3mg/n!

o FE2 Axd AEstd ANEHE NOZE =
etget. LPS FolX=  controlitel H|iwdlo
NO9| Aol o A F7letged, GRE
0.3ng/ml AAG HAFFNE F94 A NOY
AL A8t ickFig. 1),

2. GRO| Raw cell?] MZg0| O/X= ¥

ool

GRo| LPSE 458 NOY AL ZHAAZ Ao,
GRY A ZEA 0.2 918} cell population?] #]3}o|A
7198 A E #A3L] Sl8to, GRY H2E MTT
assay g A5} cell viabilityE Z43} it 2384
7 GRE Fr o3 AIEZA-E e A ek 9kh(Fig, 2),

Cell Viability

Fold Increase
(Relative to Control)

© o 9

- D o

o
o

o
o

CON - 0.0t  0.03 010 0.30 (mg/mi; GR)
LPS

Fig. 2. Effects of GR on the cell viability in LPS
stimulated Raw264.7 cells

The cell viability was measured 24 hr after treatment
of «cells with LPS(lug/ml) with or without GR
pretreatment(i.e. 1 hr before LPS). Each bar shows the
mean =*SD with three independent experiments,
One-way ANOVA was used for comparisons of
multiple group means followed by Turkey test(#,
significant as compared to control, ## P<0.01),

3. GRO| LPSE &MstH Raw cell® iNOS
2 Cox-29 w3 oxles FE

NO AA oA¢] iNOSTH Aol #AAML ZA}
3l7] $43te] western blot analysisS o]-&3}lo] A
FAY M2 iNOSTH A o] LHF-E FARSHGC
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LPS A AldE iNOS Tl do] a7 $EHY
oy, LPSo| GR 0.1-0.3mg/m-& AHAF A7
A iNOS9| o] ZoE2T}, TPA, LPS, TNF-
a 59 2|3 MEKK-1, NF ¢ BY] 431 734-3}c]
HAE= COX-2 9A] LPSH A Aol COX-2 gl
o] F3A frzEfoy, LPSe| GRE AXE
ARFNME COX-29 2aFo] W7l YUt
(Fig. 3).

COX-2
CON - 0.03 01 0.3 (mg/ml; GR)
LPS

Fig, 3. Effects of GR on the induction of INOS and
COX-2 by LPS,

The levels of INOS and COX-2 protein were

monitored 18 hr after treatment of cells with LPS(1 ug

/m) with or without GR pretreatment(i.e. 1 hr before

LPS). Actin was used as a loading control,

4. GRO| LPS2 EHYStE Raw cell? p-lk
B &do ojxls ¥

o

Atz o 2 ot H cellol|A] NF £ BE cytoplasmoj]
A inhibitory moleculeq] 1«Ba, I«Bf, I1«Be,
p105, plo0s 3} Agste] H|BAY o2 EAeAT,
LPSY Tat, Tax 52| A= 2|8 NF « B signaling
BA3IEW  14B, pl0s, plooo]
degradation®|"™A] NF ¢ B7} 3 0 2 translocationd}
o] COX-2, iNOS, Bcl-xi, cIAPs 59 AALE 4538
t}. 2 A¥XE 1« Ba & phosphorylated form&
ZA89ltt. LPS XA Aol plxBa hldo] &
=590, GR 0.03-03m/nE AXT AFLIN
T pl«Ba o] ¢o] PA3| 743l SrHFig. 4).

cascade’}
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Actin

0.3 (mg/ml; GR)
LPS

CON - 003 0.1

Fig. 4. Effect of GR on the induction of p-lk Ba
by LPS.

AF inhibited the expression of p-l¥Ba protein

stimulated by LPS, The level of p-I«Ba protein was

monitored 15 min after treatment of cells with LPS(1

ug/m) with or without GR pretreatment(ie. 1 hr

before LPS). Actin was used as a loading control,

5. GRO] LPS2 #M3tE Raw cell® TNF-
a Of OjX[= B

-m TNF
#

Fold Increase
(Relative to Control)
- B

[=)

(]

CON - 001 003 010 0.30 (mg/m) GR)
LPS

Fig. 5. The effect of GR on LPS-stimulated TNF-a

production,

Production of TNF-¢ was measured in the medium of
Raw 2647 cells cultured with LPS(1 ug/ml) in the
presence or absence of GR for 24 hr. The amount of
TNF-a was measured by immunoassay as described
in Materials and Methods. Data represent the mean
+SD  with three separate experiments, One-way
ANOVA was used for comparisons of multiple group
means followed by Turkey test(#, significant as
compared to control, ##P(001, * significant as
compared to LPS alone, * P<0.05, ** P<0.01).

2 Ay LPSE TNF-« 9] 84]Z 20u) o] 23
AlZ 2™, GR 0.03-0.3 ng/nl= LPS BE 2o H]
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W3] g TNF-« o ZAE f5359. 3
0.105} 0,30 ng/mlE p(0.019) 94 Y= A=
el Itk Fig. 5).

6. GRO| LPSE &43tE Raw celld IL-18
of ojxle &

B AYA LPSE IL-15 9] $91E oA 9A 5
7ENZF L5, GR 0.01-0.03 ng/ni= LPSE BA3l9

IL-18 8 94 QA 2417 (Fig. 6)
1.8
16 " =]
14
21

e =~ =
® o

Fold Increase
(Relative to Controi)
o
o

CON - 001 003 010 0.30(mg/mi; GR)
LPS

Fig. 6, The effect of GR on LPS-stimulated IL~14
production,

Production of IL-18 was measured in the medium of
Raw 2647 cells cultured with LPS(1 ug/ml) in the
presence or absence of GR for 24 hr. The amount of
I-18 was measured by immunoassay as described in
Materials and Methods, Data represent the mean *=SD
with three separate experiments, One-way ANOVA
was used for comparisons of multiple group means
followed by Turkey test(#, significant as compared to
control, ##P< 001, *, significant as compared to LPS
alone, ** P(0.01).

7. GRO| LPSE #HM3= Raw cell®| 1L-60]
ojxl= g%

£ AgoA LPSE IL-69] ¥H|E F-24 A 371
AZLeH, GR 0.03-030 wy/niE LPSE BAsE
E FroA A B2 FHFig, 7).

Fold Increase
(Relative to Control)
2 = B

bl
o

b
©

CON - 001 003 010 030 {mgml; GR)
LPS

Fig. 7. The effect of GR on LPS-stimulated IL-6
production,

Production of IL-6 was measured in the medium of
Raw 2647 cells cultured with LPS (1 w/m) in the
presence or absence of GR for 24 hr. The amount of
IL-6 was measured by immunoassay as described in
Materials and Methods, Data represent the mean £SD
with three separate experiments, One-way ANOVA
was used for comparisons of multiple group means
followed by Turkey test(#, significant as compared to
control, ##P< 001, * significant as compared to LPS
alone, ** P<0.01).
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34 dg wEReE gy 2asily,
Tang 5%¢ #E%7} Hepatic virus C(HVC)-
RNAS ¥AZ %95l dAgctn 9d. €3
A §e dlE F289 24429 n-BuOH
748 E 4422 column chromatographyS A
A8l 5-(hydroxymethyl)-2-furfuralS  F733}o]
o] 20| IFN-79 LPSE ¥443}€ Raw 264.7
cellx] NO9| NS JAFE W3l vt Yot
av #EET 9F8sel AEHE dwd 9
cytokineo]] #3 A7 vl$- FE3 AAo|t}

webd, £ ATE MeOHE 28 g%
(GR)7} LPSZ &43} ¥ Raw 264.7 cellolAd U
B 45#Y AREY vAHE 4%E H1E
At

A 2Egae SNAF/EYELFTROS/
RNS)9| uhis} ghatst BojA Azt Az £
o] z=E d3olt}, Free radical gasdl Ak}
AA(NO)E  L-arginine© 2HE  nitric  oxide
synthase(NOSs)E  AF3 RWAHE radicalZ,
AEQeA 234 NzdgzAs F83 9TE &
g7, iNOSE @3 FAT, HAHEAA A
A %3, constitutively expressed NOS(CNOS)=
FATAN A, Aszox AeHog 24
#e}?. NOSs:= cNOS$} iNOSZE e & gl
g, cNOSdlE AAAEd ZA3E  neuronal
constituent NOS(ncNOS)®} Wul M| X ZA3=
endotherial constitute NOS(ecNOS)Z o] &3}
cNOSol 93 NO9 AL A W e =
Ao 83 9L st Ao @A gl 9
9 27 iNOSE LPS, IFN-7, IL-1 @ TNF-
a T A= oF WAAE, FAPEIAE,
WM X, ZHAES} AIAE TN FAL o
o] NOE A= Aog %4 ot No= A
A5 EE FUTA A4S THAE AL ¢
A gou, AA U IE2Y NO AL &34
¥9| 93, shocke] g EAZH, g5

34

A g 239 4HE 2T 5 Sk 01FA 4
oA 4L 7HE Aoz gEA Yt

Raw 264.7 celld}A] GRe] NO A4 A AE
#2317 Ygsted GRS 0.01-0.30mg/mld] FEZ
NE Agste] A= NO¥E SAsd.
LPSZoAE controlwel] H]idto] NOS| A%
o] f4 A F7Hetem, GR 0.30ng/nl A
& AgMe o8 A NOo AHE oA
3t

GRo] LPSZ # =¥ NO9 A4 77 o],
GRe] AEEAo= Qg XS] AstelA 7|35t
FEAE BF] S5, GRE FEE A A6},
MTT assayS AA8}od cell viabilityE &33}%it}
AE A7} GR 0.01-0.30ng/ml o] FEE AT A ES
A& Uehi A gkt

GRS NO A4 oAl #g iNOSHHde|
& H3lE zAke}7] Hste] western blot 083}
of NEZ Yoo iNOSTHHAe] WHFS ZA}
3tgck. LPS A3 Aol iNOS Dl o] 73317
fed9out, IPSol GR 0,10mg/m-S A3 A
FTME INOSY Fol ZolE%ler, GR 003
ng/m& AAG APLoIME INOSS o] T2
A3 ZAEE AL AFsHrHFig. 3).

duld o 2 COX-25 TPA, LPS, TNF-«, ROI
59 pro-inflammatory =04} prooxidantol] 2]
NF- #B] 8443} 7Zf3lo] BAJE1L, prostaglandin
synthesisS F7HAA G5 Jloix F54 4
£ 3 Ro® A Y37, = monocytediA
COX-29] ¥8£ pro-inflammatory agent?] IL-15,
TNF- a 8} LPS, fibroblast growth factor 50} 2|3}
A Z7}8l L, glucocorticoid$} IL-4, IL-13¢] o] ¥
A gA7} fEEg”. 2822 CoX-2¢] A9
A A o} e 9% 279 target moleculeo] HiL
R

2 A¥eA LPS AA| Alel= COX-2 @YZo]
A S=Eou, LPSo| GR 0.03-0.3 mg/ml
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AAG APFIME COX-29 2H WHE f%
34 Ratglnh. olgd A= Chun 59 A7
o] 2J5}d, mouse UEZE2 A NF-«Bo 843
o] 93 NOE COX-29] #ag F/Mlde 2
Hohe FEAHR AAsHe Aol olydt 9
o WL e ERAllnR, ke
EQNE k= BIo] NOZEE COX-29] wo]
e om|E JRE Adstn Y& JMeAs
Roemg, A5 o] Hope & o P Ayt
498 Aoz Aztdd,

INOSY COX-29] 8o Fojzle AAZAIAR
£ NF-«B, AP-1, (/EBPS9| 9lon™, o|2 % o
72l WAz AARE NF- £ Bolth ™. NF- £ BE A
FAEALY] oA, N EF7]2A, oncogenesis ST E
#ads)o] 9o virust} bacteria 2+ A] 4 £ 5
T 9508 odsf &Adsislo} iINOSY TNF-«
AR o) o] B, A 02 resting cell]
A NF- £ BE A|E A4 inhibitory moleculedl 1«
Ba,I«Bf,1«Be, pl05, pl005s Agste] ujd
RAgog EASA, LPSL Tat, Tax 59| A=)
9]3] NF- ¢ B signaling cascade’} 84J3}54 1«B,
pl0s, plooo] SR NE-«B7 Hoz
translocationd}o] COX-2, iNOS, Bcl-xi, cIAPs
9] AALE =3, 1+ B protein®] £7=14Ba, I
BB, 1«kBe Fo5 %A YA, ATA 73
358 NF-«B9] inhibitory protein I1xBa o]t}
¥ B AYoHE 1£Ba 9 phosphorylated form&
Z339ict.

LPS A%} AldlE p-I+¢Bea ghldo] $2E9)
21}, GR 0.03-030ng/mE HAF APZAE
plxBa 9] o] iU, ol INOSH 727
Aeo]l, NF-«B2] 3029 translocation®] GRej| ¢
3 AP E A 02 AALstE Aolet & 4 gitt

TNF-a& LPSHHEe] Q9 wi7lA=ZA innate
immune response] QlolA FoF qTL
% mononuclear phagocyteoj]A] ¥4 ¥ TNF-« =

FRATH DTS TG ALR o|FAAM oJE AE
£9| microbesE AANES s q%E ¥}, £
TINF- « £ Y| 4| £ o] 3232 adhesion molecules)2]
L& A=kl macrophage®t WIAIE7} chemokine
& BHStEE 253 TNF-a & A48 24 Al
oz Ao g F& TG AN WES
FEa7e A, SR o g o ik A9 ¥
7| 84 = septic shock & §5817]% b,

£ Agox LPSE media 5] TNF-« o] 3FS
2084 o’¢ F7HAFE. GR 0.01mg/ml oAM= Fr o3t
727} 91901}, GRE] 0,03, 0,10, 0,30 ng/nl 2] 55
oM E §-9]8 TNF-« 9 ZAZ fE3lgrt,

31¥, 1L-18+ monocyte, macrophage, B-cell,
dendritic cell, endothelial cell, neutrophil?}
hepatocyteo A 8] 55, TNF-«, IL-2, IL-69} &
7 pro-inflammatory cytokine . 24 oJ#] BHH
4855 aBso] . B8 185 Tcell)
activation, B-cell9) maturation, NK cell®} activity
2 g8 AP, w3 IL-1S septic shock™,
burn®’, 7to)2 $& T ischemia-reperfusion
injuryw.@l 73-$ol| prostaglandins, leukotrienes,
platelet-activating factor, nitric oxide 59 vj7] &
ARAE F7H1A AEue-e Uy,

B A3 JA LPSE IL-18 9 BulE oA A 5
7HNF L, GRE ¥ AH-E A FEAA Fo)4
U= HAE FEstgut. 53] 0.30my/m Y] FEolA
= p(0.019) o4 = FHAE F=stgitt

#4859 mononuclear phagocyte, WIAE,
fibroblast o] J&] FH| &= IL-6& WAE Y} &
S oo #Agddic}, IL-65 B-cello] plasma cell2 ¥
3=l mpAE dAE EA3HA17] 2, antobodyd] ¥
HE A3 A0g, IL-69] levele G5 aA
Z4s o LA o ) 1= S
HollA] LPSE= IL-69] EH|E frol A IA
NZov, GRY 0.01ng/nl YA o7t A7}
21}, GR¥] 0,03, 0,10, 0,30ng/n! 9] F=olAE £9
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A IL-69] =8 7R

ol&g 9747 GRo| NF-«B2] Achil Az
¢ 342l 1« Ba 9] QIAISHE 9JA|3}o} NF-« B7} 3
QF2 2 translocation == 7] A& AAlshe, 123l 4
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