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The effect of Gagamchunggan-tang on lipopolysaccharide-induced
expression of NF«-B downstream genes in HepG2 cell

Sung-Hwan Kim, Sang-Ho Seo, Sang-Hoon Hong

Department of internal Medicine, Coollege of Oriental Medicine Dongeui University

Objective : The aim of this study was to evaluate the efficacy of Gagamchunggan-tang on anti-inflammation reaction with
lipopolysaccharide (LPS)-induced HepG2 cell.

Method : We examined the effects of the Gagamchunggan-tang , a traditional drug for liver inflammation, on the process of
lipopolysaccharide (LPS}-induced nuclear factor-«Bp65 (NF-#Bp65) activation in HepG2 cell. SDS-PAGE, Western blotting,
Immunofluorescence staining were studied.

Results : Immunoblot analysis showed that the level of nucleic NF-#Bp65 was rapidly up-regulated and cytosolic inhibitory
I-kBa was down-regulated by LPS challenge. While Gagamchunggan-tang inhibited an increase of NF-«Bp65 and
degradation of I-«Ba in HepG2 cell. Besides LPS-induced expression of a group of genes, such as tumor necrosis factor-«
(TNF-a), inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2), are repressed by Gagamchunggan-tang. It
may be concluded that Gagamchunggan-tang attenuates the progress of LPS-induced inflammation by reduction of NF-#Bp65
activation. Conclusion : The Gagamchunggan-tang would be useful as a therapeutic agent for endotoxin-induced liver disease.

Key Words: Gagamchunggan-tang, LPS, NF-«Bp65
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M3 HBeAge) feddol] ik 37} ivka s}
SAct w2 BkE SRR ©] Bel-2, Bel-XL &4
= =9 MEAES A gty Busin, 34
BRIk o] ZFMEE B E3la Cpp32
protease, FasZ A 811, Bcl2Z EA3A A A FAL
4 AAdTn Basido. £ IekiEFGEoZ
AT R3ay 9 AY2AEaNE By, &
© ImkFEESR 57T T IHREEE tde
2 AAAEE Ay 50% 9 Sxjol A AST, ALT ¢
As7} VERG T, HBeAg 24 58 42.9% ¢t}
ol Axte A A crE 1 Amrol ulF

g wpolelaAd T+ Ak 2 71eke) FHEEEAA
89 F Jde FF ZﬂZH«] NEE 8t HFE
< 71Eo 2 iEFSS skt A 2SS
Q1 HepG2 4] ¥l LPSo 45} a94% 3
s S SdsanE A8 o2 AFsdh

2 AFdAe A7 LA EF9) HepG2 A Lo
LPSo] olgt dFW3E fFLAlA, NF-£Bp652]
A &7, inhibitory subunitg] I-
%¥Ba degradation 94 &3 % NF-4B downstream
gene productsﬁ’l A et a2 B A9 &
o4 AHE A7)0l Birdte vio|th

nuclear translocation %

Table 1. Prescription of Gagamchunggan-tang

I M8 & HiE
1. ##
Aol AHE I ot FAZA 2AG A
AFRIANAAEE JAT A G FAE
AL AHgatg o, A 139 FANET EFL
37} ZTHTable 1).

i

o o

2. Aol Feint Zd|

LPS (from Escherichia coli Serotype 055:B5)+
Sigma-Aldrich (St. Louis, MO)el| A 933%1.2.™, 10
ng/mle] =% deionized distilled water (DDW)ol| =
Ak 13 AMEF wE BFde] WERASU
Western bolttingol] A}&-3t anti-NFx«Bp65, anti-IxBe,
anti-TNF-a, anti-COX-2, anti-iNOS+ Santa Cruz
Biotechnology (Santa Cruz, CA)9l|4 F9)&td 02 ~
0.5 ug/ml®] =2 FAste] AHE3IGIT) o] ¥rel =
E A)ek2 Sigma-Aldrich oA T+ 3151t

3. Gagamchunggan-tang +8% M=

Gagamchunggan-tang o 017t A 11 &
1,000 mie) o) Fo} INTET B F442 F&
3l T}, 185 mm filter paper (ADVANTEC TOYO
No. 2, Japan)& Atg-3ted 5 ¥ oJ#sts, 45
3000 pmef A 2027t st dE G
FEAzANAG AxE AEE FA4 vilste 20

I Herbal Name Scientific name Dose
T Salviae miltiorrhizae Radix Salvia miltiorrhiza Bubge 20g
sk Artemisiae capillaris Herba Artemisia capollaris Thunb 20g
At Atractylodis macrocephalae Rhizoma Atractylodes macrocephala Koidz 8g

SESE Paeoniae radix Alba Paeonia lactiflora Pall 8g
BiR Puerariae Radix Puerarialobata(willd.)Ohwi 8g

BEE Poria Poria cocos Wolf 8g
1S Crataegii fructus Crataegus pinnatifida Bunge 8g
HE Glycyrrhizae radix Glycyrrhiza uralensis Fisch 6g
©4 Curcumae radix Curcuma aromatica Salisb 6g

Spid e Oldenlandiae diffusae herba Oldenlandia diffusa (Willd) Roxb 6g
EEE Angleicae gigantis radix Angelica gigas Nakai 6g
Bit Flos puerariae Puerarialobata(willd.)Ohwi 6g
Total 10g

114



Coll Hagton, A3l ALg3)

o =

24 10 mg/ml
AE 3 iAo F0] 02 me] syringe
filter2 ThA| o 32}3ted 500 ug/mle] F2 2 X2l

4. M=ol i U Xz

Azt M FFQ HepG2 Al 29} npo2 o2l 4]
E520 RAW264.7 Al¥E= American Type Culture
Collection (ATCC, Manassas, VA)o| X #9185 c).
HepG2 4| £= Minimum essential medium (MEM,
GIBCO BRL, Grand Island, NY)9l| 10% fetal bovine
serum (FBS, GIBCO BRL), 1% penicillin-streptomycin
(GIBCO BRL)& 7}t AAwiA & AL-g-slgich o}
T2 U2 £F91 RAW264.7 4| ZE Dulbecco' s
modified eagle medium (DMEM, GIBCO BRL)9|
10% FBSE 37+ A1 2 wigFslict. 5 Al
T EF 5%9 CO2 357} fAHE= humidity
incubatord| A4 37 €9 £x= wWjoksl¢lt). SDS-
PAGE % Western blottingS $]3| HepG2 A Eoj
trypsin-EDTA (GIBCO BRL)E X &3} culture
plate 2 F-H detachA]7] T}, 100 mm®} culture plate
o seeding@}il 48 hr F<F <H 8FA1 A T} 500 ug/ml )
TEE A2 S Aeiskm 2hr T, 10 w/nd
©] LPSE A2JgtaL 1,6 hr &, viFN| ZE harvestd}
itk

5. Nuclear extract?} cytosolic extracte] 22|

Wi M 5 phosphate-buffered saline (PBS) & | -&
&, buffer A(10 mM HEPES pH 7.9, 10 mM K], 0.1
mM EDTA, 0.1 mM EGTA, 1 mM DTT, 0.5 mM
PMSF)Z 15 min %<t ice 4}oll 4] incubation&} 1. final
concentration®] 0.5%7} ¥ =2 NP-403 A28tz 7
3HA| vortexing3F¥i T}, 30 sec £+ 5,000 pmef A
AR 3t AZEol e cytosoile extract® 23} 1,
pellet buffer B (20 mM HEPES pH 7.9, 400 mM
NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM DTT, 1 mM
PMSF)ol| o] 15 min 59t iceAtoll A incubationd}
31, 13,000 rpme A4 15 min F<F Y4l Ee]sled 4=

o1& nuclear extractZ 3 3]4

6. SDS-PAGE % Western blotting

v kAl £ 2 PBSE ML X, lysis buffer (150 mM
NaCl, 1 mM EDTA, 0.05% SDS, 0.5% Triton X-100, 1
#M PMSF, 50 mM NaF, 50 mM Tris pH 7.4) 2 lysisA|
# 14,000 rpmol] A 20 min 7F A E2]Fto] whole
cell protein extractE A1t} whole extract % nuclear
extract, cytosolic extractg Biorad®] protein assay kit
(Hercules, CAYZ ©] 83} proteing 3 &3t 3 S
9] Laemmli s sample bufferZ 7}8led 100 ColA 3
B2 7143 o2, 10% SDS gelol| loadingdte] 717
et AZIYE T gelAY proteing nitro-
cellulose membrane . 2 transferdled 5% skim milk &
H S0l 82l &¢le] ¥hg-& blockingd}il, anti-NFx
Bp65, anti-1«Be, anti-TNF-e, anti-COX-2, anti-INOS £}
oo th&t secondary antibody (HRP-conjugated goat
anti-rabbit) & #] 2]} t}. PIERCE®] SuperSignal
West Pico chemiluminoescent substrate (Rockford, IL)
£ membrane®)| 7}5}0] Xoray filmel] 7+38-A1Z vl

7. Immunofluorescence staining

RAW264.7 H L& cell scraper2 #Ho] 2 t}&,
coverslip 9] seedingd}li 24 hr F¢F <3 3121 7o)
500 we/mle) TAAZZ AHANE Az, 24 F
10 ug/m 2] LPSE A& 3 ch 1 hr F Wl & A A5}
1 PBSA 3.7% E=% 31X A7 formaldehyde = 30
min 7} 4°CoA A3 CE 0.2% Triton X-1000.2
permeabilizationd} 1, 2% bovine serum albumin
(BSA)Z ¥|E0]Adl gele] 2TL AN 7.2
ug/ml2] anti-NF-xBp65 34| & A2]8tcd 4 hr £oF g
L-FANES Do v, PBS-T (0.05% Tween-20
in PBS)Z Ao 11, FITC-conjugated goat anti-rabbit
(SIGMA-ALDRICH) &A1 2 4 ¢ A EA 1hr &
ob A 2] stgich. PBS-T2 Aol 3, A ¥xslo) 9x&
HHE Y8 Moz 1 we/mle] 4 ,6-diamidino-2-
phenylindole dihydrochloride (DAPD)E 2 min 7t ] &)
sle] DDWol| Aoyl thg Crystal mount (Biomeda,
Foster, CA)& slideglasso mounting3}3t}. NF-«
Bp652] Al ¥4 localizationg 488 nm¢] excitation

115



MmekekAZERIO) Bl ol REE AR Mgl vlxls g8

wave lengthS W& UV filter= #2&9 o, 53t
fieldo]] x5} A EA-L 359 nme] xcitation wave
length® U] UV filter2. #33}9]ch. #2742
%-& Axioskop 2 plus fluorescence microscope (Carl
Zeiss, Germany)®} AxioCam digital camera (Carl
Zeiss), AxioVision software (Carl Zeiss)Z o] 2341t}

. PFRER

1. Gagamchunggan-tang2l LPSol| 2lst NF«
Bp652] nuclear translocation & 1}

1A ZFeFA| EQ] HepG2 A Eo|A] LPSo| 93
Zu2S A8l 9 LPS Xz 2 hr Ao
Gagamchunggan-tang-2- Ax g)sl1, LPSE #| 2] g

£, 1,6 hr & AT E harvestdle] 10% SDS-PAGE
2 A7)H9 2319t} Fig. 1.9] AE whole cell extractZ
A7]9 %3 gel& Coomasie blue stainingg Al g
Zo|y, 1 A3} total protein bande] x}o] A& Ho]A
@skth 28y Fig. 1. B9 Collx B ule} 7o)

NF-4Bp652] AW localizationo] M= zlo|7} &
& 2= 91tk Fig. 1. B7} HolF= vhe} 7o) nuclear
extract®] NF-«Bp65= B4 elo) & 2 Holx] ¢
o} LPSE 2] 3hel band7h 2151 Uehgon, of
#3h @42 Gagamchunggan-tang®] Hxje]l] ofz)
FEACRE A &S HolFoh 1 v
cytosolic NF-«Bp65+= LPS A&} 2old] A% A]qt
AA] o218 ZHA YAl Gagamchunggan-tang®] 24
2ol o8] 2A|(Fig 1. OFE Aoz Ho|mZ, Fig.
1.Be] A& s gt

T ol e Flg 913ted anti-NF-«Bp65

ZAE ol

9l

43} immunofluorescence staining S 4 A] 3}
Atk RAW264.7 u}-$-~ thalA 2o A e} 5Ug
2794 A& & anti-NF-«Bp65 &+ ¢} FITC-
conjugated goat anti-rabbit 4| 2 2ld 2 A5l
g33gn 4 o2 BRI Fig. 2. A} BollA] Hod
FE 23} Po] H4eNe] AL} Gagamchunggan-
tangS 7tz A2l A ZoA e Alxsde] ofd AT
Ao NF-4Bp657F EA8t= 2oz Yelgoh 28y
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LPSE 23 B9 AZFo] 933 Xof FF5AHL
2 NF-4Bp657F A]3t3 A& ¢ 4 Aot (Fig. 2.
C). Fig. 1. B, C¢} a7l 2 o8 d die
Gagamchunggan-tang-2 A A 2] 3+ A oM &= JA =
31 9&S Fig. 2. D= BoF3 gt} o)2d AHE

2 Mol Gagamchunggan-tange LPSo] ©] 3 NF-k
Bp659) nuclear translocationol] ™3] A ZIE 714
AR AzHEn

2. Gagamchunggan-tang®| LPSol| 2§t |-#Ba
degradation & £}

Fig. 1, 29]4 LPS®)] ¢]3t NF-«Bp652] nuclear

translocation®] Gagamchunggan -tangol] €3] &A=

e Rdow yehgonz o] $93% 990z 24

(B)

Fig. 1. Inhibitory effects of Gagamchunggan-tang on the
nuclear translocation of NF-«Bp65 (A), Coomasie
blue staining with HepG2 cell whole extract-
subjected 10% polyacrylamide gel. (B:nuclear NF-«
Bp65) and (C:cytosolic NF-#Bp65 ), inhibition of LPS-
induced NF-«Bp65 nuclear translocation by
Gagamchunggan-tang. Cells were pretreated with
500 wg/ml of Gagamchunggan-tang before LPS
challenge (10 wg/mi), and then exposed to LPS for 1
and 6 hours. 40 g of cytosolic and nuclear extract
were examined by Western blotting with anti-NF-«
Bp65 antibody.( | :Gagamchunggan-tang)



'D.1+LPS

Nucleus
Fig. 2 Effects of Gagamchunggan-tang on localization of NF-«Bp65 in RAW264.7 cells (A), Normal. (B) Gagamchunggan-tang
alone. (C), LPS alone. (D),treatments of Gagamchunggan-tang before LPS challenge. Cells were pretreated with 500 ug
/ml of Gagamchunggan-tang before LPS challenge (10 ue/m!), and then exposed to LPS for 1 and 6 hours. Fixed cells
were stained with anti-NF-« Bp65 rabbit polyclonal antibody and FITC-conjugated goat anti-rabbit

antibody.( | :Gagamchunggan-tang)

Cytosolic I-«Ba

Con I 1 6 1 6 (hr)
LPS | +LPS

Fig. 3. Inhibition of |-«Ba degradation by Gagamchunggan-
tang HepG2 cells were pretreated with 500 wg/mi of
Gagamchunggan-tang before LPS challenge (10 ug/
mi), and then exposed to LPS for 1 and 6 hours. 40
ug of cytosolic extract were examined by Western
blotting with anti-I-«<Ba antibody. ( | :Gagamchu-
nggan-tang)

3= [-kBag] protein level & HepG2 A| Zo| Al A3}
Aot 1 23 Fig. 3014 K= A3 o] & 373 ol
ME e ko] TkBar} cytosololl Al #ax|gl o1,

LPS7} 32} 5 Zoje Aoz
bt 28y} o] E3g Gagamchunggan-tang®] %
glol] osf AAE S & F U} olefE AsES
wigo = LPSe] oja] fursls AEueeln 8

& 4@ FPste NF-«Bp65o @437}
Gagamchunggan-tangol| 9] a) A2 & &5 & ¢

A

a Oko] /Rhﬂ——o‘]

—L—l

iNOS
TNF-a
COX-2
Con | 1 6 1 6 (hn
LPS 1 +LPS

Fig. 4. Inhibitory effect of Gagamchunggan-tang on LPS-
induced iINOS, TNF-zand COX-2 expression HepG2
cells were pretreated with 500 wg /ml of
Gagamchunggan -tang before LPS challenge (10 ug
{/ml}, and then exposed to LPS for 1 and 6 hours. 40
ug of whole extract were examined by Western
blotting with anti-iINOS antibody, anti-TNF-«a
antibodyand and anti-COX-2 antibody. ( | :Gaga-
mchunggan-tang)

3. NF-«B downstream gene products®] A4
ofl chst Gagamchunggan-tang=z 2t
e ARES s Al olv] LA e
NF-«B downstream gene products®] level& Western
blotting©. & ZA}&kelct 19 whg} 37| 2%
Ag 2 "oz 75E FIHstE NOE &4
she A0l INOSO| levelS ®A] ZAbaIITh A4
Aol e A HolA] ¢ INOS7F LPSE A2l ehd
w3o] o, ojejgh A= Gagamchunggan-
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dolole ¢3g 2 geds
= ZIF ok AR Wy
dEd 2 APAEE A=}
- i

AL BFAQ 7Y A2 radiation, T
2 A AT A&l LPS, TNF-¢, interleukin-1 (IL-
i} 2L A}o] EF}Q, ceramide, H:0: (hydrogen
peroxide), phorbol ester (PMA), hyperoxia/hypoxia, <]
o) Seten] oFg e WA 9% % U AT
o o)s] FEETGT AEI} dF F B2 =&
WA Ee AHe Bddte dNF T cyclooxy-
genases, lipoxygenases 53} %-& arachidonic acid U
A el F8 Ba, 83 454 Al RIS O
%=8-A), MHC (major histocompatibility complex) %

1

Q m\l [‘l[‘ a

metalloproteases %2 Y& 3}t JE FAHAE
AT o8 e iR LREEH 99
o NF-B7} 288 % 9 417} ZA450], NF-B
o) Zgshe A AFe A BE dF FE 22
o Slal fEslol Tk el BN NFABE
25 FHA LY AZAANA p50/p65 subunitse]
heterodimer®2 ZA)38l1 ¢l ™, inhibitory subunit 9]
LB} 283 Atk 424 ATo] FolAw #
el I-«B Q1Abst a4 (IKK)el 247 %A,
2g3ls IKKE [-«Be] QI4kste doA A3y o
WA Balz]de] shuQl ubiquitin-mediated protein
degradationS F3ich IBEHE AFZ 47 NF-

KB HEH £02 o) %L NE#B A¥9go) §)
3L

=
% f+dxte INOS, COX-2, TNF-a 5o[H, ol &
A

TS A XA dodle Al
1

iNOS+ neuronal NOS (nNOS), endothelial NOS

2ET 7 NRA AMRE - LB s - HEY

(4

(eNOS) 53} v o] nitric oxide synthase (NOS)
family®] 3 EFolt, F 7HA OhE FR/e| NOSs}
g AFuyella B oko] Wdy]o] A= &
om, dEA Aol Fold uf o] FrEHe A
o=z d#ld gt NOSTE L-arginine, O, NADPH-
derived electron©. 2 58] L-citrulline, NADP, 18} 11
nitric oxide NOYE A 21 Th* NO= AR AQ
AANA A A2 (reactive oxygen species, ROS)
e FAYALZH N E (reactive oxygen
intermediates, RODZ 2F2-81o] vlg|glo} ol 7Y
g A Z7} A gz s vepd W AdEHE =
Holt} F ol NO7F AgAAdA e g
ofe}t A ZU AsALEAZA Y 75 AEH 5
Y o] BT e APAX A A9 7]
£ ke Aol WA ek

COX2& A AFAIR ofeh|EAT AT A&
AN F03 d&E FPIE TLZA JA 454
A2 S o8] frBoh olebr]EARE AT 94
wrol 8.zt g 4elR) Ras gilzle)l B843)d &
AB+= Ras-GAP (Ras GTPase-activating protein)<
e, izt o8 NOol o] LR =5
1= 71%S 7 e Edolths oj gy EAke Al E e
0127 3¢ phospholipase A2 (PLA2)2] 280
ol&] A ¥M, COX, lipoxygenase 5 2|3l
prostaglandin, leukotrien &3 Z-& 42 Hdth.”
COXdl| 2&l WAHE prostaglanding 2 FI=A
2 /A3 gen], 1 F COX-29 ol&] A e
prostaglandin E2 (PGE2)& Az o] 443 £ &
93 dgE 438 mitogen-activated protein
kinase (MAPK) cascade® AA|3tes Aow 4A
sk

TNF-a= A EE AE A7l T2
apoptosisE FEdhe Aoz gl qEH<
2 A Z g fafr) o] & vE 59 caspases
cascadeS &4 3121 A apoptosisE f-=3HchT 1E{ut
T INF-a7} A% Z2] 9 A& st Al
gz GAsld T Fodsle AR FelA glol®
AZA Al 9d P4HE TNFae 32t 42
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2 olgd Aoz 240

LPSo| olgt NF-«B9| &Aste 2 Az ¢
218 LPS =8-71Q1 CD14¢} Toll-like receptor 2/4$}
1 3hg] AlE AR <o) Lo, 1 HEH<l
E#E KKtk KK o, 8, 79] Al 714 subunito.
2 A9 wimerz FA ]2 on, activating signal
o ol ZA3t=T NF«Bo| 238t 9l I-4BeZ
QIMSIA A NF-«BZHEH #H 55 3t

Fig. 1, 2914 vehd 2752 LPSe| ¢ NF-«B
ZEE I-«Ba l‘?—ﬂ‘éﬂﬂol Gagamchunggan-tang®) 2]
3 AdAHE Ao F5 5 ot £ ol 2
2o 23 948E Faste KK 243 94
& 4 910} IKK activity assay S
Aspgo) ANl Aol & Ao 4
F IKK activity”] Gagamchunggan-tang®]
Zdﬂﬂ"ﬂ —JOH’\L— AAHo A A derhd, Fig3E

I-kBa9] degradation pathway?l ubiquitin-mediated

i JEF

2
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