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Anti-inflammatory Effects of Cheongsimyanggyeok-san via NF-xB Inhibition
Nan-Ee Kim - Yeon-Soo Kim - Seon-Young Jee - Min Hwangbo
Dep. of Oriental Ophthalmology and Otolaryngology and Dermatology, Daegu Hanny University

Abstract

Objectives : The purpose of this study is to investigate the anti-inflammatory effect of Cheongsimyanggyeok-
san(CYS) water extract in vitro and in vivo.

Methods : To evaluate the anti-inflammatory effect of CYS, Raw 264.7 cells were pretreated with 3-300ug/m
of CYS for 1h, and then exposed to 1ug/m{ of LPS. The cell viability was detected by MTT assay. Productions
of nitric oxide(NO) and pro-inflammatory cytokines were measured in culture media. Protein levels of
inducible nitric oxide synthase(iNOS) and Nuclear factor-xB(NF-xB) were determined by immunoblot analysis.
The effect of CYS on acute inflammation in vivo was evaluated thorugh measurment of carrageenan-induced
paw edema.

Results : /n vitro study, cell viability assay CYS treatment of 3-300ug/m{ has no cytotoxicity in Raw 264.7
cells. LPS-induced NO production was significantly inhibited by pretreatment with 30-300ug/m{ of CYS.
Production of interleukin-6, -18 and tumor necrosis factor-e by LPS were significantly decreased by CYS
pretreatment. CYS reduced LPS-mediated iNOS expression. Moreover, CYS significantly induced I-«Be
expression and reduced NF-«B expression. /n vivo study, CYS significantly reduced the increases of paw
swelling.

Conclusions : These results suggest the clinical basis of CYS for the treatment of inflammatory diseases.
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vehe o 2 W AdohH, E3F ERAREsto] ik
7} KO, FOROrT BB, EP, B Sl kel =g
=SS o At skolct

o= HomRES Fogt SH7F Ear Bt gl
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1. mLRRESR E+FE2(CYS) ME

RS Cheongsimyanggyeok-san)® 73
ORI W, Wik, #F, WY, B HE, AEe o
AT, HiRFI=)olA U H, EwE
< AASKL grinderg ol-&sto] ESHATt. L
ik 160g0l 1.5 0 9] =2 A7FstaL 100TOA 34]
7t 59 $E319KTable 1). AZZ 13} ozt 3,
No.2 filter paper(Clifton, NJ, USA)Z tHA] of=ts}
¥t olE -y SZEAXII(LABCONO, Kansas,
Mo, USA)Z SZxs, HLiRiH Srrds
(CYS, Cheongsimyanggyeok-san water extract)
< AFsIGH. HF Fe2 31.89%A20H, A
AREE] A7) 4ToA Bt AxE Ea
E=2 AP 1ng/ml st HES Ed SR/
o] &3] & 0.2 syringe filter(Nalgene, New
York, NY, USA)Z oJ3519] in vitro gl ARE-3]
A3, in vivo ASoM+= salineL 2 &3f5te] Fof

st

Table 1. The Composition and Amount of
Cheongsimyanggyeok-san

Herbal Name Scientific Name Amount(g)
i Forsythiae Fructus 40
Hifij Methae Herba 10
wHE Scutellariae Radix 10
HE T Gardeniae Fructus 10
K Platycodi Radix 20
HE Glycyrrhizae Radix 20
Yot Gypsum 50
Total 160

2. A%} & 7|7

AL vjkS ot Al9ko R fetal bovine serum

(FBS) ¥ Dulbecco's modified eagle's medium



(DMEM) HyClone laboratories(Logan, UT,
USA)IA i3t 21, penicillin-streptomycine
Gibco(Rockville, MD, USA)A  wis3c
Peptidoglycan(PGN)2  InvivoGen(San Diego,
CA, USA)9IA, INOS &A= BD biosciences(San
Jose, CA, USA), 1xBa® NF-¢B9] 12} @4 %
actin 1A} A= Santa Cruz Biotechnology
(Santa Cruz, CA, USA}IA ZZb ufQlsiict.
Phospho-I-«Ba(p-1kBa) © 1x A2} Lamin
A/C9 1A A= Cell Signaling Technology
(Danvers, MA, USA)IA, NC membrane
Schleicher & Schuell(Dassel, Germany)°llAl Y]
Sk, Dimethyl
sulfoxide(DMSO), MTT, Griess reagent @ 1 &
9] BE AR Sigma-Aldrich(St. Louis, MO,
USA)ZFE i Jstict.

lipopolysaccharide(LPS),

3. Raw 264.7 cell HiY¥ 2 XX|

Raw 264.7 cell(murine macrophage cell line)
< A EFLY(AE, tiEel)olA] B ot A
8otglth. 10% FBS,
100U/mf penicilline] -8 DMEM HiA|E 37C,
5% CO, 271004 80-90% confluenceo] =2 uf
A 24-well platedllA HiFSIFATE. Raw 264.7
cellZ FBS7H R 952 DMEMOIA GAIRE 53t
Z7F vjeret & 2% 5% 10-300ug/ml CYSE Sh-
gt DMEMO& w&s3ich. CYS A7 1417 & A9
E2o] w2t 271 A kAl AU, 1ug/ml] LPS
E= 30ug/ml] PGNE 3018417t 53t AA|5}0]

Al &3t

100im/m{  streptomycin,

4. MEYEE 24

CYS ©=Ago oigt BEeZ #457] flsh
Raw 264.7 cell& 96 well plateo] 5x10%
cells/well2 £52F o, 3-300ug/ml 5= CYS

Zdo] 9] 371 : NF-«BAIS B3 WivaiRme] i Tt

Z AA5t] 18417t & MTT assay= A|ZAZES
275190tk LPS E= PGN AR Raw 264.7
cell& 96 well plateo] 5x10* cells/well2 £33t
o, FAA &2 1AIRF 59t CYSE AXA|eE &
LPS 1ug/ml = PGN 30ug/ml2 A=|5t] 18A17F
5 MIT assay® AIZRYESS =45199ch

AEE 37T, 5% CO, £719] ujg7]oflAl wfokst
AL, MIT assaye= AZ| & A|ZEjFHS 2437
AAst] 0.2mg/ml 5= MTT &4 200uLE &
7Fsto] 4A1ZE Bt F7F HiFsklth. MTT &4
&Hs] AASH & AAHE formazan crystalo]
200uL2] DMSOE #7tsto] &A3s] &sistal, 570
mollA &4 =E Automated microplate reader
(Infinite 200 Pro, Tecan, Minnedorf,
Switzerland)Z 745t oH, ofo] FAlo o3|
FHA AEZAYEES AL

Relative cell viability(% of control) = (absorbance of

treated cells)/(absorbance of control cells) x 100

5. Nitric oxide(NO) HM 2

Raw 264.7 cell& 6 well plateo] 5x10°
cells/well2  E55to]  1AIZE &< 10-300ug/ml
CYSZ AA & 1ug/me] LPS E= 30ug/ml] PGN
< AA|sto] 18AIKF & Al iFHs 3lastict.
St Al wikele 3000 x gollA 3R PR
sto] AE 8 f ESES AAT F 96 well
plated] A|XE wiFd 1002} Griess reagent 100
ul(5% sulphanilamide, 5% phosphoric acid,
0.1% N-[1-naphtyl]-ethylene
dihydrochloride)& 715ttt AROA 1087F
HESAIZl & automated microplate
(Infinite 200  Pro, Minnedorf,
Switzerland)2 540molA Y SFEE =53t
offff Al &gsto] AXH AEZERE 345 Hl
T & CYSe} AlzrfFHe] o3t 540molA 9] &3
=5 EAsI:

diamine

reader

Tecan,
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Relative NO production(fold) = (absorbance of treated
conditioned media - absorbance of treated blank
media) / (absorbance of control conditioned media -

absorbance of control blank media)

6. CHHXI tis:

=2 20 A

=~

I

AAE FZEN(whole cell lysate)d} & 23
(nuclear fraction)2 thS =IO wket £2]5t3Tt.
AR F2AS A7 FrE MZE ice-cold
PBSE o|g3ato] A&st & cell& scrapperz 4
3}o] microtube®] 713, °]& 3000xg® YA
gfsto] AJ5HZ AASIAH. o171o] 100u2] &9
&5 [10mM Tris-HCl, pH 7.1, 100mM NaCl,

10% glycerol, 1mM dithiothreitol, 0.5% Triton
X-100, 1mM EDTA, 0.5% Nonidet P-40, 0.5mM
phenylmethylsulfonyl ~ fluoridePMSFl& 41!
vortex@t &, 1AI7F 5%t 4CoA &agt &, 10&
52t 15000x g= HAw=stoirt. & #el2 A7t
Z3%8 AIZE ice-cold PBSZ AA3 T cellS
scrapperZ 3319] microtubed] %713, °l&
3000xg= ARSI, J5dS AASHL 100
e &3 ¥5H [10mM HEPES(pH 7.9), 1mM
DTT, 0.1mM EDTA, 10mM KCl, 0.5mM PMSFI<
Y1 vortexdt &, A|ZE &3] &afstal 10& &
b &2 oA BeiAFE 4ToA S& B¢
15000xg2  Pieest] A AAskL
microtube 3t B2 nuclei pelletol] 50u9] 3
£ 959 [20mM HEPES(pH 7.9), 1mM DTT,
1mM EDTA, 400mM NaCl, 1mM PMSFI& 7F5tof
vortex¥F &, G flolA 1A % &sfste] 4T
oA 158 52t 15000 % g= FAE2]ottt AAx
F25 2 9 EI9 odZ Agolol 10%
SDS-PAGEZ A7] @&AIZl ¥, NC membrane=
A 22l S dolAzity iNOS, p-1kBe, 1
kBe, NF-¢B, Actin ¥ Lamin A/C9] 1x} A9}
HESAIR 3, BRA] 23 A9} BESA]71AL enhanced

14

chemiluminescence detection reagents

(Amersham Biosciences Corp., Piscataway, NJ,
USAYE AHg3le] 7 ehalde] Wl g Bt
o AEQl diE A2 Image analyzing
system(Ultra-Violet Products Ltd., Upland, CA,
USAYS ol8slol Bajsieict.

7. Cytokine &4

6 well plated] Raw 264.7 cell& 5><1O5
cells/well2 53] 100, 300ug/md o] CYSE
AZE B AEst & LPSE 18417 Bt Xﬁﬂo}‘q
Al B A S)askdet. 3000 x gollAl 5 21t A4
weloto] A HifH W EES AT & TNF-a
2} 1L-18, IL-6 T Z+ cytokine®| sid=EE=
BLISA kit(Pierce endogen, Rockford, 1L, USA)Z
Z7gstith

8. deE= H XA

ASSEL Sprague DawleyAl 7 rat(6F3,
160-180g)& 157U7F 73] A3AIR & Adof A
|o1om, &k 22-25C, &% 40-45%, 12A1%F
light/dark cycleo] A== ARGAIQ] ECRSOA] A}
S519tt. AlZ(Nestle Purina Petcare Korea,
Seoul, Korea)?t &2 AHF5A AFlst=S si3ith
sEAYL Uity FEAEaESEs
(IACUOY 5U& OJJ(GOJHJQ DHU2018-081)
ot & Zsiei.

AL ol AE oHA g2 -2 normald
O 3}3l, carrageenan 100ul/rat(Sigma Chemical
Co, St Louis, USA)E F
o= 3190, YANZLOZA dexamethasone(l
ng/kg, p.o) Fol F carrageenan2 —7—013}
dexamethasonew, 0.3g/kg® CYSE Fofst &
carrageenans Y38t 0.3g/kg CYST, 1.0g/kgS]
CYSE Fofst & carrageenans FUSH 1.0g/kg

3t #-2 carrageenanit



CYSEo& WFSlH. 7+ 3% rat®] = 612 of

At

X~
(e}

9.

I

259 QF ¢

A

CYS®} dexamethasone " 13], 397+ Fo
stom, E & Fo 1At & carrageenansg
100u/rat= rat®] $5 R Huieo] mjst 5=
Afoto] ERZE Rttt £HE2 carrageenan
2 _F,scga]- 5 4A]7]— Eo]— 71— }\] g _'_&A;Qﬂ
(Plethysmometer, LE 7500; LETICA Scientific
Instruments, Spain)& °]-8sfe] BE AxE =4

soich

10. A =4

HE AFEZ 33§ AFSISIH:
mean+SDE ¥7[s1¥ o, 2 IF
3L one way analysis of variance(ANOVA)Z &
A & Dunnett's T3 249 E& Tukey's honestly
significant difference & A AASIAL. SA A
oL p(0.01 E= p<0.05 & 39Tt

A=
7F EAA 9.9

n. z o

1. Raw 264.7 cellfA CYS7t ME S0
0jXl= &

CYSY A= =4 f572 ZRIs] sto] Raw
264.7 cellol CYSE 3-300ug/ml s== Astal
18A17F & MTT assays o|-&dlo] NZAYZES =
ottt 4 A3} Raw 264.7 cello] tisto] CYS
o] &= A= FAA diz Hlaste] A Agls
TollA et Al E4dE YERHA] EotthFig. 1).

i§+
ﬁ
T
2
ol
g

'do] 9] 391 1 NF-«BIAIE &

Cell viability (%)
'S P ™ = ]
& 8 g8 8 B

n
S

Control 3 10 30 100

300 CYS (ug/nl)

Fig. 1. Effect of CYS on Cell Viability in Raw
264.7 Cells

Raw 264.7 cells were treated with 3-300ug/m¢ of CYS

for 18h. Cell viability was measured by MTT assay.

Values are shown by mean+SD of three independent

experiments.

2. LPSZ2 &M3t=l Raw 264.7 celltilA CYS7t
NO MM 2 HZE =M0f 0xl= F&

LPSE A3tE Raw 264.7 cellold CYS
NO 44 94 F=E& gRlshr] flstd CYSE Z
7+ 10, 30, 100, 300ug/ml o] FE=2 1A7F B3
AAAG o2, 1ug/mle] LPSE 18A17F 5 AX
5lo] Griess reagent®t BFSAI7l & SPEE &7
oto] GE NO %& EAst9ch LPS lg/mls
9 AT Lol FAA dRLd vlashe
NO Ay/4e] 3.27+0.158 |JotA S7Fatirt.
CYS 30, 100, 300ug/ml IM%E LPS 9= A+

of uls] Z+z 2.4240.01, 1.45+0.10, 1.12+
0.02812 NO ¥ BAHo= ‘|T~4°]'7ﬂ A
ZItHFig. 24).

TS CYSY AAA 7} LPSE A2t Raw 264.7
celld] Al F40] p|A]= IS FRlst7] st

Al

Aot S HA & MMT assay= 5H M ZAZE
&2 46 1 An AEgEES LPS 9=

AAE ote W FAA| thx3t ¥last 50.94
1£2.20%% FstA Zastelet. CYS 10ug/m A
AR E3F 49.83+0.88%% M EXEZLS] A
FosHA AASHA] FEstdon, CYS 30, 100,
300ug/ml AAEANA 22t 84.66+26.09, 120.05
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r

H+

1.75, 99.09+3.21%=% LPS A2 QIgt A|ZAY
& A4S FosHA AAAZTHFig. 2B).

o2 £3} CYS7} 30-300ug/miollA NO 4 A
Tojotn] AE 542 AAAFE RIS, o]
A 23} §9/d0] =4 CYS 100, 300ug/
o] FEolA AF A 713 ERlslr] 913t AY

By

e}

@ "

3
T #
)
s 25
s 2
s #t
S ”
Q
2 1

0.5

0

Control - 10 30 100 300 CYS (ug/me)
LPS
(B) 140
##
120
##

< 100
S
Z a0
]
5}
S 60 *k
3

40

20

0

Control - 10 30 100 300 CYS (ug/ne)
LPS

Fig. 2. Effect of CYS on NO Production and
Cell Viability in LPS-Stimulated Raw
264.7 Cells
Raw 264.7 cells were treated with 10-300ug/m¢ of CYS
for 1h, and then further incubated with 1ug/m{ of LPS
for 18h. (A) Relative levels of NO production were
examined by measuring absorbance of conditioned
media reacted with Griess reagent and (B) relative cell
viability were examined by MMT assay. Values are
shown by mean+SD of three independent experiments.
Significant vs untreated control, **p<0.01; significant vs
LPS-stimulated cells, ##p<0.01, #p<0.05.

d3tE Raw 264.7 cellOiA CYS
N9 HE SN0 0R g8

L OO
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7t NO M
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E
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2 gi¥AE9] TLR49} Agslo] d5Hk3-S
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-
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o2 Y e
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=
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TLR ligandell 2Jgt G349k E3F AAT 4= A
sholslarA}, TLR2 ligand?l peptidoglycan(PGN)2.
2 Ax5to] GFHHE-S w9, CYS 300ug/nl
2] & PGN 30ug/ml& 1A1ZF B Hgst] NO
dgE BASIAAL MIT assayE &5t AZA8E
&2 279519t PGNY T AA|& FAA t2d
o ¥3}o] 4.57+0.298] NO Aol F718IAx
CYSE 300ug/ml s=2 HAF o199 f 1.51+
0.0181 NO A3/do] A= Uch(Fig. 3A). =3 PGN
< 4502 AAolS f AEPELS FAA| o
Z7to] H3f 58.43+3.46%, CYS 300ug/md ] &
PGN AA] Al 69.07+3.19%% M|ZAYEZE TAE
FoJ5HAl AN THFig. 3B).

*) s

NO production (fold)
w

Control . 300 CYS (ug/me)
—  PGN
(B) 120
100
g 80 #
E ek
2 60
>
3 4
20
0
Control - 300 CYS (ug/me)
—— PGN

Fig. 3. Effect of CYS on NO Production and
Cell Viability in PGN-Stimulated in Raw
264.7 Cells
Raw 264.7 cells were pretreated with 300ug/m{ of CYS
for 1h, and then further incubated with 30ug/m{ of PGN
for 18h. (A) Relative levels of NO production were
examined by measuring the absorbance and (B) relative
cell viability were examined by MMT assay. Values are
shown by mean+SD of three independent experiments;
Significant vs untreated controls, **p<0.01; significant
vs PGN-stimulated cells, ##p<0.01, #p<0.05.



ol& &3 CYS7} TLR4 ligandQl LPS A= ©]
o= TLR2 A=2& <Ig NO A44% #4 4

ARAEE 74 EF AR & YL Telsid

T

4. LPSE &M3tEl Raw 264.7 celldiA CYS
71 iNOS 4dof 0|X|l= g

LPSE ZA3tE Raw 264.7 cellod CYS7H
iINOSY] #Hg AJste] NO A4S AR AUA|
1517 9J5e], CYSE 100, 300g/ml) F=2 14]
7 B3t AARGIL 1ug/ml] LPSE 18417F 52 A4
5lo] INOS @A =38 western blotZ 59 %
Sttt &4 da FAA] di2d} Hlwste] CYS
300ug/ml B= HAE iNOS T do] IdS (o5t
A Z7MAZIA] 9k, LPSY] T MR Mg A
o} Zo] FXA| djx7} H|wste] iNOS o)
HAS 13.48+1.9982 BAHOE [t I7t
Ak 100ug/ml 9] CYS AAAE iNOS ghEo]
A 9.39+2.32802 BAZHOE {4 A Th

e ab— — iINOS

— e e

Relative iNOS protein level (fold)
¥

Control - 100 300 300 CYS (ug/me)
- LPS

Fig. 4. Effect of CYS on iNOS in
LPS-Stimulated Raw 264.7 Cells

Raw 264.7 cells were treated with 100, 300ug/mf of CYS

for 1h, and then further incubated with 1ug/m¢ of LPS

for 18h. Relative iNOS protein levels were examined by

western blot. Values are shown by mean+SD of three

independent experiments. Significant vs untreated

control, *p<0.01; significant vs LPS-stimulated cells,
##p<0.01.

o] 9] 391 1 NF-«BAAIE B3 iHvalie] 3

ool
i
ol
g

AZ1A Bshon, 300ug/ml 9] CYS AAHAE=
4.19%3.4492 FofoHA HAAIHHFig. 4).

°ol& %3] 300ug/mle] CYSS HAAA+= LPSo] 9
3 iNOS Tl Wa-S oAsto] NO S Ha
AFEE SRl

5. LPSZ &M3t=l Raw 264.7 celloflA CYS

7t M A3Y cytokine Aol O|xl= Bt

CYS7} Raw 264.7 cell2 LPSZ ZASIA AL of &
H|E= A @34 cytokineQl TNF-e, IL-18, IL-69
ARl BAE G ERIsk] fsto] CYSE 100,
300ug/m2] sEE 17 59F AARSkL 1ug/ml ]
LPSE 18AIZt &< A5t Zk7ke] ELISA kit AHE
3to] TNF-o, 1L-18, 1L-69] A3RHES =43t
TNF-e= LPSOl 2] 2353.08+28.42pg/mlZ ]
A H£74243.33£19.06pg/md) °fl B3] o143 AA
7kt o, CYS 100, 300ug/mi2] AA 2= TNF-
o BAFE Z12F 1001.67+52.73pg/ul, 456.92+
23.07pg/m=E LPS T= Ax|o] Hlsto] {214 QA
AN FHFig. 5A). IL-18+= LPSE B0 & A7 A|
0633.73445.40pg/mlZ, FAHA FA(12.98+0.42
pg/nl) o Hl&] F4 A S7Fetct ¥ CYS
100, 300ug/m 2] AAR= Z¥2F 169.12415.70pg/ud,
142.75+21.02pg/mE, LPS TH= X 2] 70] 1]3] 72
4 ZAasIichFig. 5B). IL-6= LPSol <ls)
1990.68+10.07pg/m%E  FAHA  dIZH0.70+
1.21pg/uf) o vlste] F-EJstA F7Fakdet. ¥ CYS
100, 300ug/ml A 2] 3 LPSZ A 2]51%-& o IL-6 A¥
MRS ZbzF 1499.30+34.36pg/ml,  652.65+
13.42pg/ml=, LPS T A 2|¢} vliste] FA KO
FoJ5HA AastickFig. 50).

0|2 &3 Raw 264.7 cellolA CYS] &= A=
TNF-a, IL-18, IL-69} 22 A H343 cytokine 84
of P u|XA] gom, CYSY] AA|= LPSZ
£ cytokine A4S 8FEH o2 AT £ 9SS

selalsict
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© o -
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1500
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Fig. 5. Effect of CYS on Cytokine Production in

LPS-Stimulated Raw 264.7 Cells
Raw 264.7 cells were treated with 100, 300ug/mf of CYS
for 1h, and then further incubated with 1ug/m¢ of LPS
for 18h. (A) Production of TNF-e, (B) IL-18, (C) IL-6
were examined by ELISA. Values are shown by
meantSD  of  three independent experiments.
Significant vs untreated controls, **p<0.01; significant
vs LPS-stimulated cells, ##p(0.0l.

6. LPSE &M3tE Raw 264.7 celloflAf CYS
7t NF-kB HS2XtQ| Q130 D|X|= Fe¥

NF-¢B 2= AZE Y NF-4B 94 guizel |
kBe7} QAESEC] W, NE-¢B7} [kBe=REE £
Elo] AE3] 2 o]E5otHAl SASHATEY. wapA

18
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Fig. 6. Effect of CYS on NF-kB Signaling
Pathway in LPS-Stimulated Raw 264.7
Cells
Raw 264.7 cells were treated with 100, 300ug/ml of CYS
for 1h, and then further incubated with 1ug/m of LPS
for 30minutes or 1h. (A, B) The relative levels of I-xBe,
(A, ©) p-1kBa protein and (D, E) NF-£B protein were
examined by western blot. Values are shown by
mean+SD  of  three independent experiments.

Significant vs untreated control, **p{0.01; significant vs
LPS-stimulated cells, ##p<0.01, #p<0.05.
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Fig. 7. Effect of CYS on CA-Induced Paw
Edema

CYS was administered to rats at the oral dose of 0.3 or
1.0g/kg/day for three days. Paw edema was induced by
subcutaneous injection of 1% carrageenan(CA) 1004
/rat. The swelling volume of paw was measured before
1-4h after CA injection by using plethysmometer.
Dexamethasone(DEXA, 1mg/kg, p.o.) was used as a
positive control.  Significant vs untreated group,
*p{0.01; significant vs CA-induced group, ##p<0.01,
#p<0.05.
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