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|ABSTRACT]|

Anti-inflammatory Effect of Cheukbaekjurpihwan(CBJPH)

Ok-Hyun Jo, Chang-Min Choi
Dept. of Oriental Obstetrics and Gynecology, College of Oriental Medicine,
Wonkwang University

Purpose: It is the purpose of this study to investigate the anti—inflammatory
effects and mechanism of cheukbaekjurpihwan(CBJPH) extract on LPS
(lipopolysaccharide)-induced inflammatory mediators in murine peritoneal
macrophages.

Methods: To evaluate anti-inflammatory effects of CBJPH extract, the
production of cytokines(TNF-a(tumor necrosis factor-alpha), IL(interleukin)-6,
IL-12) and NO(nitric oxide) was measured in vitro and in vivo. And western
blot analysis has been done to look into the mechanism.

Results: CBJPH extract reduced LPS-induced NO, TNF-a and IL-6, IL-12
productions in peritoneal macrophages. CBJPH extract inhibited the activation of
JNK(c-Jun N-terminal kinase), but didn’'t inhibit the activation of MAPKs
(mitogen—activated protein kinases) such as p38, ERKI1/2(extracelluar
signal-regulated kinasel/2) and the degradation of IB-a(inhibitory kappa
B-alpha) in the LPS-stimulated peritoneal macrophages. CBJPH extract
suppressed LPS-induced endotoxin shock and the productions of TNF-a, but not
of IL-6, after an oral administration of CBJPH extract

Conclusion: CBJPH extract suppressed the productions of LPS-induced NO
and cytokines by preventing JNK from phosphorylation, which may provide a
clinical basis for anti-inflammatory properties of CBJPH.

Key Words: cheukbaekjurpitwan( CBJPH), herbal medicine, LPS, cytokine,
inflammation, endotoxin shock
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12 A EE LPS (lipopolysaccharide)
2 A4S, ML LFEE] G50
7RE-2 2l NO(nitric oxide)¢} inflammatory
cytokine(TNF-a(tumor necrosis factor—
alpha), IL(interleukin)-6, 1L-12)2] A
s AlskEAl oAFe, MAPK
(mitogen—-activated protein kinase) family
Q1 ERKl(extracelluar signal-regulated

kinase), JNK(c-Jun N-terminal kinase),

p389] A3 AHxy+ IkB-a(inhibitory
kappa B-alpha)e] #3] HA=& =HE

a4 =
°2A dFS dAEte 7S YolR
1, endotoxin shocks AT & A=A
A 29 HEMde #ERE A7

o s etk

o 4 3
1. A =

s =

C57BL/6 65F% mouse 4AS (F)L
A EH0] (S, Korea AY A7]%)9

A Fdete] AREsEAT

2) °F A

Aol AR MIIFS % H-S s Y S E(
5 d)eA 7de - 9
wdel X gdste] ARgstAen, AW
W& F5S o3 Zth(Table 1).

Table 1. The prescription of
cheukbaekjurpihwan( CBJPH)
(-4 Cortex Ailanthi 75
w  Folium et Ramulus
n3E Biotae 18.75
¥ M Cortex Phellodendri 18.75
# M Rhizoma Coptidis 1875
T ¥ Rhizoma Cyperi 375
. Rhizoma Atractylodis
SR Macrocephalae 375
— Radix Paeoniae
22 Lactiflorae 315
g Ralc)lix Angelicae 11.95
ahuricae
i 255
3) A1 oF

Fetal bovine serum(FBS), RPMI-1640,

penicillin-streptomycin ¢ A X uj ok
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£ A9FEL Gibco BRL(Grand Island,
USA)AF A, Bl %¥Z+= Corning(Rochester,
USAAFA FdstdTh. AREE Ao
% chloroform, HEPES, sodium dodesyl
sulfate(SDS), acrylamide, bisacrylamide,
LPS(Serotype: 055: B5), Tris-HCl &
2 SIGMA(St. Louis, USA)AF A 9]
o™,  anti-phospo-ERK1/2  Ab,
anti—-phospo—p38 Ab, anti—-phospo—-JNK
Ab, anti-IekB-a Ab, anti-ERK1/2 Ab,
anti-p38 Ab, anti-JNK Abe Cell
Signaling(Denvers, USA)AFol A T3}
A ERK1/2, p38, JNK, [(-actine
Santa Cruze Bio Technology(USA)el A
THA . ELISA] A8-3F Anti-mouse
TNF-a, IL-1fF, IL-6, IL-12 antibodies,
AZF TNF-a, IL-13, IL-6, IL-12=
R&D Systems(Minneapolis, MN, USA)
oA FAIT APl AHEE EE A
oFe EAE FFoINOE ARSI
2. % o

1) A8 Az

MIAAHE 2 SL(Table 1) 255g—% 12 9]
i} SHFR 2417 308 s A

ARAZAAA EWE Xﬂﬂ‘é}i a

Oﬁﬂ B2 15gs AYAEFE F94
0.2um syringe filter2 33 o33k & A}
2314

2) B oA AEo wjek

A3 3749 Holl 95EZ(thioglucollate
25m)E moused EZFU| FAsia,
10% FBS7} g-+® 7mee] RPMI-1640%
EAW FAbeted & £ te, B
AE Fohf AAEHYT FT cell=
counting3 A 1x10°cells/m¢Z 6cm dishoﬂ
st WA AZ7) vieo] B EE

e o oo

5% CO,, 37°C wjF7]ellA 3AIZF Hj Fs}
3, Feds WA Fo dishel HFEHgH
AEE Aol AFEsEA T

3) MTT &4

A2 AEES YHMEY HE
ol "gga mid Y3 AFd
formazan AEE W= MTT S-S
uleto 2 MTT % Heg A3k
AF84S st AEELS RPMI-1640
Ao A 1x10%cells/mee] BEE Hets)
A, 01, 0.3, 05 & 10mg/ml TE=E
AETDE A3ttt 44]37bEt v gt
H o lmg/mie] s==Z wgstrl AEiA
MTT &35 H7Fskal bA] 24 7ke<t
W sttt MTT-formazan A&
TAd BFY &3l FFHG0% n,
n-dimethylformamideg 3X3tsl= 20%
SDS &9, pH 47)& #7iste] &g
T, 24X 7HE <t w F3k 3tk Formazan
o] & 50nmel FFEHE FS S5
ATt

4) NO Fxe =3

82 Alk(Griess reagent: 0.5%9]
sulfanilamide, 2.5%<] <14k 2 0.5%9]
naphthylethyleneamine) nitrite®} 3}8}
Whg-ato] Hepd o) ofx @S 83“‘3}5'3]
o] NO9 F&9F dA3t7] u

O]_ioég] D R nitriteﬁ
=3
=

Hn

I

o OH"
ol
W oM =

. 7, e Aote A0l 22
A sample 1WA 59 Z}zboll 10040

S Hrbsta, 1 EFES 37TCAA 10
22 vlokstdth Sampled 3 E+=
spectrophotometer(MD, U.S.A)Z 540nm
A 43ttt NO9| FEE nitrite?]
EFBERY ALts AT

5) TNF-a, IL-6, IL-12¢] =4
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A Azl fIFIES L FEES 0.05,
0.1 ¥ 03mg/mle] =2 305t AA
g3kal  LPS(500ng/m)Z  A=3kTh.
Pro-inflammatory cytokine® 9% =i/}
EZo A vA= dEY aHE A
Z3t7] 93l LPSE AF=3F & 2447+
o o]& A% WHEES AXE
A ELISAY o2 A %3t

6) RT-PCR(Reverse transcription-

Polymerase Chain Reaction)

RT-PCRe|& Seeburg PH(1986)°] <]
& RNAS Zu EXsted =48 %
Ho® mRNAZHH XA 445 &
3 AojF cDNAE PCRE S3E3l=
olt}y. Tri-zolZ FE3% RNAT= MML-
reverse transcriptase® protocolS A}
st cDNAZ 943ttt PCR wHS
Ev & sampling buffer(1x)& 41&
1.5% agarose gelol] 1002 ¥
T3 F AHE o] &35
st

AH&-F primer< W3 2T

iINOS (306bp): TGG GAA TGG
AGA CTG TCC CAG (forward)

GGG ATC TGA ATG TGA TGT
TTG (reverse)

TNF-a (276bp): ATG AGC ACA
GAA AGC ATG ATC (forward)

TAC AGG CTT GTC ACT CGA
ATT (reverse)

IL-6 (463bp): CAT CCA GTT GCC
TTC TTG GGA (forward)

CAT TGG GAA ATT GGG GTA
GGA AG (reverse)

IL-12 (110bp): AGG CGA GAC
TCT GAG CCA C (foward)

CTT CAC ACT TCA GGA AAG

of
T

<z

oo K
o A
N
% of 41 O oo

'L o
‘II

TCT (reverse)
fi-ractin (514bp): TGT GAT GGT
GGG AAT GGG TCA G (forward)
TTT GAT GTC ACG CAC GAT
TTC C (reverse)
7) Western blot analysis'”
WAAEE  60mm  culture dishel
1x10°%ells/m 2 WlFala  serum free
media (RPMI-1640)2 12A]%} starvation
A7l & HIRaRE L FEE(0.3mg/ml) =
A st 307 $Fo LPS(500ng/ml) =
A=3 S  cold PBS(phosphate
buffered saline)Z 33] A& 3t} A7t
(0, 15, 30, 60mins)Z cell& 483t 5
AAEZ (5000rpm, Smins)dte] 1 A=
NS W cell pellets FAHIIAT
Lysis  buffer(lysis buffer 1mf

+

phosphotase inhibitor 10x{ + protase
inhibitor 1040)E %o @ ES &fA
713, 94%2)(15000rpm, 20mins)g ¥
NAS st L3 Fo o
| sampling buffer(4x)E 7#o] Yo 4
O3, 1 samples 10% SDS-PAGE
o A719E% ¥ membraneo] &7]i
A 5% skim milkZ 2A7 =
blocking®} %t ERK, p38, JNK¢| <1
3lo} kB-aE ECL detection &
(Amersham)°. 2 &<¢135}5 ).

8) Endotoxin shock &3¢

Endotoxin shocke moused] LPS
(from E. coli serotype O55:B5, 50mg/
ke)E EHAW FAlste stk 9
A mouseE 1074 3708 1FL=E
Uil mid A HA 152 Ag 4
FE, 7T HA IFS MR
£ 100mg/kgs, Al HA 25 WS
EH FE== 500mg/kes WY 13 A+

rlo w gt

N A A

lex]

=i
=
=

—1}1[ _1>4
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d et AFFAst dFIA A
of 3AIZF & B 7o LPS(50mg/kg)E
Abste] moused] AEES 124%F &9
2 2AZ T BES AT

9) in vivo AgEd

fFIAS e AL 2 ES mouse ¢ &
of sutgjH o2 wigjd 100mg/kgd 500
ng/kg 7 7HA FEE EUE o] &3t
g 13 AFFEA 5, dFY Fo A
Abge]l LPS(50mg/ke) S 7ol %—A}é}
Atk 2A17F 3o mouseE vwHEHEA 4
Aol g 1mlE syringeZ ol 3?—
2000rpmo. 2 4To|A 207 A4
la A9 serumit EH A Eg
3t serumolA] ELISAH©E TNF-n,
IL-65 A4 ZFstaAtt.

E
_r
=
T

3. BAAE

AR AT B3 FA A El= student’s
t-testol] 3}, p-valueZb 0.05 w4k
d AF gk Aew A

m. 2 3

1. ISR FEES A XA o
=4

Mouse2] W2 A Zof IFIFE LI F5
=2 FE™01, 03, 05 Img/ml)E =
g8l 24X 7F T AE BEEES S
stk 1 AR kL L FEES
0.1mg/me, 0.3mg/mee] FEoA AE=A
= YERA %%W(Flg. 1). (IC5-0.887
mg/me)

ot

Vilicy™ah
]

0
CEH dmgimll - [N ] (18] L B ]

Fig. 1. The effect of CBJPH on cytotoxicity
in peritoneal macrophages.

Peritoneal macrophages were incubated for
24hrs in the presence or absence of CBJPH
at indicated dose. Cell viability was
measured by MTT assay as described in
materials and methods. Data are means of
three independent experiments. (xP<0.05 :
significant as compared to control )

2. fliFIEE A FEES NO A oA
53

2 A o] o} iME st e A
At LPSZRF 2453
FH FEES YT 7=
2lF LPSE A3k AT
Hoz ZH9Th AT MxE
AHAANE vpg o2 {IfFE N F
Ol Ax=4e YA g= 19

£(0.05, 0.1, 0.3mg/m)E A3t

LPSE A3t 2447 & M E
ZHNA NOY S S48 A=
Aol e 0.823+0.194uM, RIS
38.844+1.658uME  EFGTE o2l A
MIFFE R FE2ES 0.05 0.1, 0.3mg/ml
o TEE AAYd AP T4
14.382+£0.521uM, 8.404+1.2uM, 4+0.838uM
2 e NO9 AAPe s% o&FHo
2 JA592H (Fig. 2A), RT-PCR
Moz ZASE A3, mRNA FFollA
iNOS9] A4S A3 ATHFig. 2B).
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Fig. 2. (A) The inhibitory effect of
CBJPH on LPS-induced NO production
in peritoneal macrophages. Cells were
pretreated with or without CBJPH
extract at indicated concentration for
30mins, and then incubated with or
without 500ng/m¢ LPS for 24hrs. The
production of NO was measured by the
method of Griess. (B) Inhibition of
LPS-stimulated iNOS mRNA expression
by RT-PCR. The Ilevels of iNOS
mRNA were monitored 24hrs after
treatment of cells with LPS(500ng/m{)
with or without CBJPH pretreatment.
Data represent the mean + SEM with
three separate experiments. (‘P<0.05 :
significant as compared to control, " P<0.05
. significant as compared to LPS alone.)

3. Qg I FEESY TNF-a A4
A &3

TNF-09] 38 SA A7, ZdarlA
< 0.171+£0.01ng/ml, S ZTol A= 1.516+
0.08ng/m¢E YERGETE T2 A2 {H +u+'f
KA FEES 005 0.1, 0.3ng/nle
A dgFe 47z 1.803i0.048ng/
ml, 0.617+0.034ng/m¢, 0.363+ 0.029ng/ml =
Vet 0.05mg/mle] =2 A9leka TNF-a9]
AL A8 0 M (Fig. 3A), mRNA £

ME TNF-09 A4S A THFig. 3B).
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Fig. 3. (A) The inhibitory effect of
CBJPH on LPS-induced TNF-u production
in peritoneal macrophages. Cells were
pretreated with or without CBJPH
extract at indicated concentrations for
30mins, and then incubated with LPS
(500ng/m) for 24hrs. TNF-u production
was measured by ELISA. (B)
Inhibition of LPS-stimulated TNF-a
mRNA expression by RT-PCR. The
levels of TNF-o mRNA were monitored
24hrs after treatment of cells with LPS
(500ng/m¢) with or without CBJPH
pretreatment. Data represent the mean
+ SEM with three separate experiments.
("P<0.05 : significant as compared to
control, " P<0.05 significant  as
compared to LPS alone.)

4. fUHFE & H
A &z
IL-69] S 43 A, Al
£ 0.057+0.005ng/ml, thZTA A E 6557+
0.147ng/me =2 VFeERTE S A A E 0 flHn
FE L 3552 005, 0.1, 0.3mg/ml 5%

FESEY IL-6 AX o
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2 AAS dgddMe 47 7.726+
1.058ng/mf, 4.558+0.31ng/ml, 1.215+ 0.035ng/
nE e 0.05mg/mle] FE=2 Al9stae
IL-69] AL AP H(Fig. 4A),
mRNA FFAAE IL-69 HAS oA
3l A tH(Fig. 4B).
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Fig. 4. (A) The inhibitory effect of
CBJPH on LPS-induced IL-6 production
in peritoneal macrophages. Cells were
pretreated with or without CBJPH
extract at indicated concentrations for
30mins, and then incubated with LPS
(500ng/m¢) for 24hrs. IL-6 production
was measured by ELISA. (B) Inhibition
of LPS-stimulated IL-6 mRNA expression
by RT-PCR. The levels of IL-6 mRNA
were monitored 24hrs after treatment of
cells with LPS(500ng/m¢) with or without
CBJPH pretreatment. Data represent
the mean + SEM with three separate
experiments. ("P<0.05 : significant as
compared to control, P<0.05

significant as compared to LPS alone.)

5. MR M FEEY IL-12 A
A &3

IL-12¢] RS 4% 47, A4
N XE 0.035£0.00lng/ml, hETNAE
22.994+2.662ng/ml 2 LFEFSTE thA Al
ol MR I FEEE 0.05, 0.1, 0.3mg/me<]
T2 AAYS AP 47 1756+
1.5ng/ml, 16.23+2.13ng/ml, 4.11+0.617ng/ml=
e IL-129] A4S v& oEHOR
#3191 .M (Fig. 5A), mRNA 3ol A
IL-129] AL IA 3 tHFig. 5B).
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Fig. 5. (A) The inhibitory effect of
CBJPH on LPS-induced IL-12 production
in peritoneal macrophages. Cells were
pretreated with or without CBJPH extract
at indicated concentrations for 30mins,
and then incubated with LPS(500ng/
ml) for 24hrs. IL-12 production was
measured by ELISA. (B) Inhibition of
LPS-stimulated IL-12 mRNA expression
by RT-PCR. The levels of IL-12 mRNA
were monitored 24hrs after treatment of
cells with LPS(500ng/m¢) with or without
CBJPH pretreatment. Data represent
the mean + SEM with three separate
experiments. ('P<0.05 : significant as
compared to control, P<0.05

significant as compared to LPS alone.)
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6. IR AFEEY LPSE F=d
NF-xB 2 MAPK &4 <A &z
RIS 2 A FEE°] TNF-a, IL-6,
IL-129] S A sI= 717 Lol
71 $l8t, NF-kB % MAPK?
ERK1/2, p38, JNK1/22] &Ae] wx&=
FFe FAS AT A E ML
FA FEE 03mg/m TEE A}
3 LPSE AZ3} Z  kBa Y
ERK1/2, p38, JNK1/2¢] &3 A&=E
AR fMfES R FEES kB-o
s AAEA Este] NF-kB9
35 JASA skt MAPKe| A
p387 ERK1/29] RlI4tslE <A1
23t o}, INK1/2 9143 A8t
tHFig. 6).

frone fo

- LS
1 By a1 el o oaf Iu s
I-.--.-— e - I-_ILH-

| e e i | A

14

— W | = pEREKLZ

| = B
[E=mnae—s | 2
[ == — | —_— N
L= — === | === p3s

[ === |;: - ANE bk

[ .“.-‘.- ] = JMEad

Fig. 6. Effects of CBJPH on the
expression of IkB-ao degradation and
MAPK activity in LPS-stimulated
peritoneal macrophages.

Cells were pretreated with or without CBJPH
extract at indicated concentrations for
30mins, and then incubated with 500ng/m
LPS for indicated time. Detail methods were
described in the materials and methods.

7. B E A FEE°] moused] HE

£ HXe I9F
LPS(50mg/kg)9HS  E7 o FA}sH

Wz (n=1003 ks F=

A=e]
==

100mg/kg, 500mg/kgd] == wid 13
I+t AFFATE T LPS(50me/kg)
S B F=AE 28T (n=10 per
group)?] AEES BHIAC. 2447
Nz WEELS 0%, MIHIHE R
=55 100mg/ke, 500mg/kge] FTE=E
o3 AT WEELS 47 80%,
100%E RATh 36A1ZF T (KL
FZES 100mg/kg, 500mg/kgd] FE=
Fog Agae] AEES 47 40%,
%

< 100mg/kg, 500mg/kge] FTEE &

Ao AEELS 47 20%, 0%
H(Fig. 7). MR AL FE2ES
500mg/kg FoAgt AFToANAE ABE|
oft ARHZ stey Lpsz Qg
endotoxin shockE AIsHA] K3t A,
HIHIFE R . 2 ES 100mg/kg FoI 3t
Ao A= endotoxin shocks 23t
RS

-

L e
= Y T i T o | B
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Fig. 7. The effect of CBJPH on
LPS-induced endotoxin shock in vivo.
Age-matched mice(n=10 per group) were
injected by 1ip. with E. coli - -derived
LPS(50mg per kg body weight), and survival
was monitored for 72hrs. Similar results
were obtained in two additional independent
experiments with LPS challenges of
50mg/kg.

8. B A FEE°) €3 W TNF-q,
IL-6 A4 WA= I4F
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A A o} A e sHA] Fe A
gt LPS(50mg/kg) 2 9F A3 2T
LRSS FEES 100mg/kg, 500mg
/kgd] FEE Y 13 dF U3t ATF
o3 & LPS(50mg/kg)E &7l AL
3t AFTe #HNA TNF-a, IL-65
=339t TNF-a09 AS AFEe
0.044+0.002ng/m¢, THZS 1.992+0.084ng/
2 eRgh fFES L FEES 100
mg/kg, 500mg/kgd] TEE ATFEAI
AT 7z 0.754+0.069ng/ml, 0.81+
0.072ng/me 2 e MRS FEE
o] in vivoolA] LPSE %% TNF-0¢
AAAE AASAT IL-69 FF AL
2 0.074+0.004ng/m¢, HETS 32.005+
1.15ng/me = e IS AL 5
&5 100mg/kg, 500mg/kge] T2 AT
T3t Ay Zhzh 26.924+3.4ng/ml,
43.306+4.1ng/mtE eI} in vivool A
IL-69 4L sz o A e
% oHFig. 8).
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1

Fig. 8 The effect of CBJPH on
LPS-induced TNF-n0, IL-6 production
in vivo.

Age-matched mice(n=5) were injected by

THFT poaduction | ag/md]
"

IL4§ prodoctmn | ngiml)
- kd R
=01 ]

ETER
|
{ [
= |
L]

TP o e i

LIPS g h -

ip. with E. coli - —derived LPS(50mg/kg),
and blood was collected 2Zhrs later. Serum
concentrations of TNF-o and IL-6 were
measured by ELISA.

V. 1 #

34 Adelel &4 A7) Aets &
Aol BElEol} Y ARERE e
FH]Eo] glon A Hrog&= HiEE A
geth 2y AYE e #4
SuA e AFse 9 Adwe
He7t WEEw, 72d 7187 Z7heke]
AQol} AFARG, B, UL
NEg WAV AFH A D P
S w257 4. oz Ad 2%
ke A BHES Holed olE T

§iE (leukorrhea) o] &3 gt} ™.

EERE O R M FE BRY) 228
U e sl ezt RS o, FIk
o] ek AL kel 7150l AastA R
st =9 Kol AA7IE &8 WErt
s R 7 %ol 524 "tz B
ok EHS O R, BE, A, B
o Wi s AS MK, T
BRI, BB A WS, Mk
e HzES) A GBI, WHEUL,
REE Q3 AL HAFIILSE
WS AR ETH

MRS LS PHRLEE) YA A
22 “LifHgel KMol Hel kel
AL i PO WiEE AL ey
T ey EAsglel A4 Wewne
F2atga, mk Fe ol=d ki
Je2 FEMUE R upRrol AL&sbHEAl (il
Fipz Lol ol sttt MIKIFE K AL
FEBLETG, BMEF, ol 7sgE, Mk,
whn, ol iR pAEe glem?)
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7} FAokEel KiEe AMBM 7S
2 R, i IR,
IEFIEMe) EEOR AR, WA
fil 59 WEe AndTh A o9
F - WA R, KT, B
s ki, EdlEg ik 5 &
o1 YOO EH T MARE, #
BRIl B, AP, ST
W, wiie BEe ARV F2
AZ55S AAFHL G EAE e
W, gl Arkn BeA AP,
e PGSR, BRKSE T5
S} Jliy, KIT 59 WEL A=
Sk ol 39 TEPTE, &
Y ANFTE, 59 ARPFRE, D
ol el FEAgol gow, ALY

e LA, AT 5
ERER, HASRH, filem Ty B5s
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