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Effect of Cheongpyesagan-tang on LPS Induced Inflammation
in RAW 264.7 Cells

Tae Yeon Kim, Kang Hyun Leem*

College of Korean Medicine, Semyung University

Cheongpyesagan-tang (CP) is one of the traditional medicinal prescription to treat Taeumin (AP2A)'s disease. It
has been commonly used for the treatment of stroke, arthritis, diabetes and obesity. In this study, we investigated an
anti-inflammatory potential of CP water extract. We examined the effects of CP on the lipopolysarccharide
(LPS)-induced production of nitric oxide (NO) and prostaglandin E; (PGE;). We also examined the levels of protein or
mRNA of inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2) and proinflammatory cytokines in RAW
264.7 cells. CP inhibited NO and PGE; production in a dose dependent manner and decreased the protein and mRNA
expression of iNOS and COX-2. Also, CP decreased the mRNA expression of interleukin-6 (IL-6), interleukin-18 (IL-1B),
tumor necrosis factor-o. (TNF-o). These results suggest that CP has potential as anti-inflammatory therapeutic

medicine.

keywords : Cheongpyesagan-tang(CP), Anti-inflammatory, NO, PGE;, Proinflammatory cytokines
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oakx 2 AAe 852 UE: o] A 9o CP9 A
£ 71s8E Elstr] Adt 712 d3EH, CPE AAE RAW
264.7 cellE ©o]83}9 lipopolysarccharide (LPS) A= & 9%
ofj7f QUAtQl nitric oxide (NO) ¥ prostaglandin E; (PGE;)2] A3
i MFASu &49Q inducible nitric oxide synthase
(iNOS)2} cyclooxygenase-2 (COX-2)°] THMAl T Oz} uhy
W3l HE ey E%5 UAMY cytokines?] {FAAL W@ Wto] 0]%]
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Table 1. Composition of Cheongpyesagan-tang

Herbal name Pharmacognostic name Weight(g)
BR Puerariae Radix 16
% Scutellariae Radix 8
E-FN Angelicae Tenuissimae Radlix 8

BET Raphani Semen 4

g Platycodi Radlix 4

Ay Gimicifugae Rhizoma 4

HiE Angelicae Dahuricae Radix 4

RE Rhei Rhizoma 4

Total amount 52
2) A

B Aldo] Ar2%E LPS, Dimethyl sulfoxide (DMSO)=
Sigma-Aldrich (St. Louis, MO, USA)ZYFE, fetal bovine
serum (FBS), 100 U/md penicillin-streptomycin, Dulbeco's
Modified Eagle's Media (DMEM)= Welgene (Gyeongsan, South
Korea)2 2 ¥ E|, Methylthiazol-2-yl-2,5-diphenyl tetrazolium
bromide (MTT)%: Calbiochem (San Diego, CA, USA)C. 2 HE,
Nitric Oxide Detection kit Intron Biotechnology (Sungnam,

South Korea)2¥E, PGE, assay kit R&D systems

(Minneapolis, MN, USA)o. 2 ¥ g, iNOS, COX-2, B-actin, Goat
Anti-Rabbit HRP-conjugated secondary antibody+ Cell
Signaling Technology (Boston, MA, USA)2Y.E|. EZ-Western
Korea)o. 2 B g,

extraction bufferQl Proprep2 Intron Biotechnology (Seoul,

Detection kitx= Dogen (Seoul, protein
Korea)25HE, Protein Assay Dye Reagent Concentrate,
Mini-PROTEAN TGX™ precast gels, Trans-Blot Turbo
Transfer Pack (PVDF)2 Bio-Rad Laboratories (Hercules, CA,
USA)Z2HE|, RNeasy protect mini kit, QuantiTect Reverse
Transcription kit, QuantiTect SYBR Green PCR kitx= Quagen

(Hilden, Germany)o. 2 YLE] J15}0] A}L519ic}.

2. %y
1) Cell culture

SHEA| X2 2.38(Seoul, South Korea)of]A] Eokato. RAW 264.7
cell2 10% heat-inactivated FBSQ} 1% penicillin-streptomycin
S ZFF DMEM ol olgsto] 37°C, 5% CO, ZZstolA
HiGE it ¥iA] wghe 2ottt ojRojFon], Ao FAl) o
€ 4dE LS dfas7] Yot Fr1Aoz A wjgstAt.
2) MTT assay

RAW 264.7 cell€ 10% FBSe 1% penicillin-streptomycin
o] 47I"l DMEMo] A& %, 96 well plate (SPL, Pocheon,
South Korea)o] 5 X 10 cells/md®] AZ471 H&2 100 W&
B335k 37°C, 5% CO; ZZ5Io|A overnight A]Z1 Hof, CPE
0, 12.5, 25, 50, 100 pg/md o] =2 X2]5t 24A]7F S9t v
stk ol% 5 mg/mo] MTTS 2 wello] 20 w0 93 & £
4 A 59 37 WPl P g FEAe AL,
DMSOE 200 W& o] wello] A formazano] A =8 5
QA #£E35] &850l & 3§, Synergy 2 microplate reader
(BioTek, Winooski, VT, USA)S A}&3to] 570 moA &I= &
AZ okt & 339 £ ANAE 2, 2o Oigt Fya =
& HAE oyl
3) NO assay

RAW 264.7 cell€ 10% FBSe 1% penicillin-streptomycin
S 3 gt DMEMo] dEHX]31 &, 6 well plate (SPL, Pocheon,
South Korea)o] 5 X 10° cells/mlo] NZ47F 28 2 mA ¢
a1 37°C, 5% CO, R715to]A] 24A17F vt & |22 DMEM Hf
A2 ngstl CPE 0, 12.5, 25, 50, 100 pg/mlo] =2 HX T
sto] 1A]F vjgst &, LPS (10 ng/m)E A 2|sto] 24A13F v ga}
Act. o] & Zt7to] 5 100 WE M2 96 well plateo] ¥
3 Nitric Oxide Detection kit2] N1 bufferS 50 10 21 108,
C}A] N2 bufferS 50 0 21 108 =9 vjgst Hofl Synergy 2
microplate reader (BioTek, Winooski, VT, USA)E A}£3519
540 moj|A &I == EA51Y o0, Nitrite standardE AR50

F82THS AAetL AailetS(nitrite, NOF)9 BHE A5

st & 339 5792 APF ¥ 10 O FFAY BF W
g oot
4) PGE; assay



T.Y.Kim et al

33

RAW 264.7 cell® 10% FBSQ} 1% penicillin-streptomycin
£ =z3tst DMEMo] dEHAZl1 &, 6 well plate (SPL, Pocheon,
South Korea)o] 5 X 10° cells/mio] NZE47} H28 2 mA 4
1 37°C, 5% CO; ZRZI5HOA 24417t vt & Aj22 DMEM Hj
A2 wgsty CPE 0, 12.5, 25, 50, 100 pg/mo] =2 HxF
sto] 1At wjggt &, LPS (10 ng/m)E A2]sto] 24A13F v gal
r}. o|s ArSMS 2A3SLL PGE, assay kit (R&D systems,
USA)E olgsto] AAo] met X3t & Synergy 2 microplate
reader (BioTek, Winooski, VT, USA)E Al£35}0] 450 molA] &
F=E 57st¢lon, PGE, standardg Atgste] RELFIHE
Aot POE, SEE AEITh & 389 SRS AW %,
T gt W@z BE WALS gt
5) Western blot

RAW 264.7 cell2 10% FBSS Z 35t DMEMO] dEMr|7] &,
100 mn cell culture dish (SPL, Pocheon, South Korea)o] 5 x
10° cells/ml9] M Z47}F 22 10 m&® BF38to] 37°C 5% CO,
incubatorofl Al 24A17F vj¥stgict. A28 DMEM HjA|2 w3ghsh
2 CP (50, 100 pg/m0)E& M=o A2|ste] 1AZF wjFstL LPS
(10 ng/mo)2 A2lsto] 24X/7F Wlateitt. ¥ro] 28 % vix|
£ AA5t1 cold PBSE A|ASH H protein extraction bufferQl
Proprep2 Al23}t9] protein® 53519t} Protein 42 Protein
Assay Dye Reagent ConcentrateE Argsto] AFstgon, 7tz
20 pg9] YHiAlS 10% Mini-PROTEAN TGX™ precast gel2 &
2]5t1, Trans-Blot Turbo Transfer Pack (PVDF membrane).
2 transferstgtt. ©o]& Tris-buffered saline Tween 20
(TBS-T : 20 mM Tris, pH 7.6, 136 mM NaCl, 0.1% Tween
20)o] &31% 10% skim milko] membraneg 1X]7F E9F Al20]
Al blockingsdtil iNOS, COX-2, B-actin primary antibody (1 :
1000 dilution)2 4°CollA] overnight ¥r23%F & TBS-T=Z 387t 5
3] washingdt1, HRP-conjugated secondary antibody (1
2000 dilution)2 1A]7F 59t A20)A vr2A|Fict. TBS-TZ 38
7t 53] washing$t & EZ-Western Detection kit2 HAYI2 A
SR WeE WA 3, gAolulx #AA A FUSION-
SL2-3500.WL % FUSION-CAPT software (Vilber Lourmat,
Eberhardzell, Germany)S A}-8-5to] EA35tict

6) Real time PCR

RAW 264.7 cell® 10% FBSQ} 1% penicillin-streptomycin
S 3 3st DMEMO] dEAZl &, 100 mm cell culture disho] 5
x 10° cells/mlo MZ47F HE2 10 m&” EF3te] 37°C, 5%
CO, incubatoro]A] 24A]7t vj%stgict A2 DMEM Hjx|2
Ag H CP (50, 100 pg/m)E Aol A2Jst] 147t st
LPS (10 ng/m)S A a]5to] 24A17F vjY5t9ch. RNeasy protect
mini kit2 ZF&3%F RNAE: QuantiTect Reverse Transcription
kitES A83}0] reverse transcriptionX|% 1, QuantiTect SYBR
Green PCR kit2 A}835t9] Real time PCRES A|35t9ict.
Reaction mixturex= cDNA template 2 pd, SYBR Green PCR

master mix 10 0, primer 5 pMo] RNase free waterE 20
5 20 wo| go AWstoih LEAAL 95CAN 1583 A

4 ¥rg %, 94°C 15%, 55°C 30%, 72°C 30%9 3TAIE 1 cycle
& sto] & 60 cycle §HE3}9iTY.

mRNA 28 AT L Rotor Gene Q9 ¥4 =2 12(Qiagen,
Hilden, Germany)2 o©]8&35}o 4X|3}st¢ict. iNOS, COX-2,
IL-6, IL-13, TNF-a® mRNA #AZFat EMZS 9std
housekeeping gene?l B-acting internal control2 #-83}ic}.
7} primer?] @7]N g2 th3at ZtH(Table 2).

Table 2. The Primers for RT-PCR Analysis

Gene Strand Oligonuclotide sequences(5' to 3' direction)
iNOS Sense GTGTTCCACCAGGAGATGTTG
: Antisense CTCCTGCCCACTGAGTTCGTC
COX2 Sense TGCATGTGGCTGTGGATGTCATCAA
Antisense CACTAAGACAGACCCGTCATCTCCA
L6 Sense GAGTTGTGCAATGGCAATTCTG
Antisense GCAAGTGCATCATCGTTGTTCAT
IL-1 Sense GAAATGCCACCTTTTGACAGTG
B Antisense CTGGATGCTCTCATCAGGACA
INE- Sense CCCTCACACTCAGATCATCTTCT
“ Antisense GCTACGACGTGGGCTACAG
acti Sense AGTGTGACGTTGACATCCGT
Bactin ) icense GCAGCTCAGTAACAGTCCGC
3. §ARA
SPSS 17.0 K for Windows £7] =2 128 1j7]X]& o] &5}
o] one way-ANOVAE AX|sto] ZF AL 2+ SASH &4
stgon Se4E2 p < 0.052 shgick
2
1. SIS NESA
o] 9

CP7} RAW 264.7 cello] ZEgo] O]X] = JFS ¢
5oy MTT assays AAIStAct oFE A2E otA] g2 Oix+9
I} 2

Fel 100.0£12.6, 102.0+12.2, 101.5:13.5, 103.4£13.0,
102.5412.7%2, CP A& A SEoH tjxZite] Qoj atoj:
AR et

120.0

1|

CP (pg/me) © 12.5 25 50 100

Fig. 1. Effects of CP on the cell viability of RAW 264.7 cells. Cells were
treated with 12,5, 25, 50 and 100 pg/m@ of CP extracts for 24 h. The
amount of viable cells were determined by MTT assay. There were no
significant  differences between non-treated groups and CP extracts
treated groups.
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2. ¥EREATISC NO A3 2 iNOS THAlal mRNA #Hd A3

RAW 264.7 celle] NO A3/do] n]x]+= CPQ| 283 &QI5}7]
fIstel NO assayS Alstict. oF2 X LPSE AsHA] 42 &+
A2e9 NO T2 4.49+0.14 mo]gloh, LPSE “‘:}% A=
fz249 Qo= 24.65+0.32 mmo]Qict. LPS X2 & 12.5, 25,
50, 100 pg/md =%=9 CP AZox9 NO g3 4%
21.62+0.48, 19.42+0.50, 15.71+£0.25, 12.24+0.30 m& 2= CP
AeZoA iz vl asto] {8t Ato|7h AR E U THFig. 2a).

ESH CPo oJgt NO9J A3 oA &7} INOSO| T3dxt #d
do] Q72 &0lsty] s Western blot#t RT-PCRE A|3§st
o] iNOS9 ThHld ol mRNA @S #Asigch LPSE T& A
23 tix2F9] INOS TR BPF2 oFE ¢ LPSE A2stA] &
o mxaZo ulste] 200.2+19.4%2 S7jstgon], LPS + CP
50 pg/md, LPS + CP 100 pg/m) X 2]FofA <] iNOS THldl i
2o 77} 189.8+12.2, 123.3:24.3%2 ZAst: FAS Brh
23] 100 pg/nd 5E0) CP AT lx e vl wste] $o
4 9l: Aai7t WREYCHFig. 2b). INOS mRNA| A 2y
< %2 % LPSE A25IA] 42 FA2 <y LPSE 95 A
x+9 9 ZZF 0.001+£0.000, 1.000+0.164°] & YeERJA
ct. tfx¢3} vlwste] LPS + CP 50 pg/md, LPS + CP 100 pg/
md X2+ ZFzb 0.64+0.13, 0.53+0.112 2% Gojd A Z4a
=] AcH(Fig. 2c).
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Fig. 2. Effects of CP on LPS-stimulated NO production and iNOS
protein and mRNA expression in RAW 264.7 cells. (a) Cells were
co-treated with CP extracts (12.5, 25, 50 and 100 pg/me) and LPS (10 ng/
m) for 24 h. Levels of NO in culture supernatants was determined by the
Griess reaction. (b) Cells were co-treated with CP extracts (50 and 100 ug/
mg) and LPS (10 ng/mg) for 24 h. Total iNOS proteins were isolated and
analyzed by Western blot. (c) Cells were co-treated with CP extracts (50
and 100 pg/me) and LPS (10 ng/m) for 24 h. The mRNA level of iNOS was
evaluated by real time PCR. B-actin was used as an internal control for
realtime PCR. Data were presented as the means + SEM of triplicate
experiments (* p < 0.05, *** p < 0.001 vs. the control group).

3. WSS PGE, A4 9 COX-2 THlAu} mRNA I3 &3]

RAW 264.7 cello] PGE, Ao njx]= CPY %r8&2 &Hla}
7] $Isto] PGE; assayE Alystgich. & ¢ LPSE A2Jstx] &
2 A2 PGE, AdF2 2979+373 pg/mojgod, LPSE
g5 AYF diza9 FLole 4450237 pg/miolgict. LPS ¥
12.5, 25, 50, 100 pg/ml £59] CP X a]Zo]A9] PGE, AL
7}7F 3915+451, 3614+284, 3378306, 3240+322 pg/mlE 25,
50, 100 pg/md =9 CP Aa|FoA izt vlwste] {ojst
&pol7t e QIck(Fig. 3a).

%3t prostaglandin AgAle] ALAQ arachidonic acid&
BE PGE & A/dsh=t] Tolsttty A COX-2 aaeto] o
#AL &lsts] Ysto] Western blotal RT-PCRE A|3d5}o]
COX-29] Ty} mRNA WS JarstYct LPSE ©E A2
g diz9] COX-2 Tl AHFL o2 ¥ LPSE A2otx] &
2 Txe#o Hlste] 179.5+20.3%8 Z7lstgon, LPS + CP
50 pg/mg, LPS + CP 100 pg/m X2]FolA9 COX-2 Tuid i
Make Z+7b 165.0+£13.0, 105.7£13.5%2 ZtAste FAHS HA
Tt 53] 100 pg/md 5=9 CP A2ZoAE f94d & AalE
UEU A tHFig. 3b). COX-2 mRNAS Xoix w#d2 oFz
LPSE A2Jotx] 42 FAFa LPSE &5 Ad dzx+9Y
9 7Fz7F 0.001+0.000, 1.000+0.0692] g Uejgct tix#
"] 23to] LPS + CP 50 ug/md, LPS + CP 100 pg/md A2]#e
7} 0.91£0.08, 0.75+0.1008 ZAE|Qom, 100 pg/md A a]Z29]
A% 7974 E3 WEEYUH(Fig. 3c).

Boox x@

e~

7
)

4. ¥ERIEATSC IL-6, IL-1B, TNF-o. mRNA 2@ A3

CP7t  RAW 2647  celld]  LPSZ  ZFE-
pro-inflammatory cytokine9] w3 9A&|st=A] otwr] 93
Al IL-6, IL-1B, TNF-0.2] mRNA 2d-2 At IL-6 mRNA
9] Ao w@F2 o= ¥ LPSE NustA] ¢2 FA2]Lat LPS
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2 o= A dEFY F<L 27 0.001£0.000, 1.000+0.1282
Uetfgict. dixF vlw@sto] LPS + CP 50 pg/ml, LPS + CP
100 pg/my A2FS zHzE 0.78+0.05, 0.75+0.052 ZAE Yo,
100 pg/m M2 F& {949 £ HEHUKFig. 4a).

@

2000

PGE, Concentration (pg/me)

1000

o

LPS (10 ng/mg) - + + + + +
CP (ug/me) 0 0 12.5 25 50 100
(b)
LPS (10 ng/me) - + + +
CP (ug/me) - - 50 100

COX-2 — — — —

200

o0 I I
- + +

LPS (10 ng/me)

Relative COX-2/p-actin
Concentration %)

= =

8 3
| |

g

CP (pg/m2) 0 0 50 100
©
1.2 4
= 1.0
=
I'E *
Es o8-
= a8
82 o6
23
k] 0.4
o
=
0.2 -
0.0
LPS (10 ng/m@) - + + +
CP (wg/m2) 0 0 50 100

Fig. 3. Effects of CP on LPS-stimulated PGE, production and COX-2
protein and mRNA expression in RAW 264.7 cells. (a) Cells were
co-treated with CP extracts (12.5, 25, 50 and 100 pg/me) and LPS (10 ng/
me) for 24 h. Levels of PGE, in culture supernatants were measured by
ELISA. (b) Cells were co-treated with CP extracts (50 and 100 pg/me) and
LPS (10 ng/me) for 24 h. Total COX-2 proteins were isolated and analyzed
by Western blot. (c) Cells were co-treated with CP extracts (50 and 100 ug
/m@) and LPS (10 ng/mg) for 24 h. The mRNA level of COX-2 was
evaluated by real time PCR. B-actin was used as an internal control for
realtime PCR. Data were presented as the means + SEM of triplicate
experiments (* p < 0.05, *** p < 0.001 vs. the control group).

IL-18 mRNAS| Hejs AL o2 L LPSS H2AsiAl
e PAAZY LPSE S A% dxzd 3¢ A%
0.001+0.000, 1.000+0.121-& YJepfct. tixF 3t v 5te] LPS
+ CP 50 pg/md, LPS + CP 100 pg/m X 2]+ 7_,}7_,} 0.87+0.08,
0.80+£0.052 ZAEHYoM, 100 pg/md A2+ H 39744 T3t
FEEH(Fig. 4b). TNF-a mRNAS| Hrjs WAL 42 ¥
LPSE Astal e PAATH LPSE G5 AT of
2 747 0.200+0.060, 1.000+£0.0852 Ueict. tfx
gto] LPS + CP 50 pg/md, LPS + CP 100 pg/md A 2]
0.85+0.07, 0.75+0.0622 Zr4AH Yo, 100 pg/md A
9 9oy w3 WRE Ak(Fig. 4c).

@
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[-3
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©
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< 1.0 |
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Ec 08 -
g .2
7
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¥
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Fig. 4. Effects of CP on LPS-stimulated IL-6, IL-1B and TNF-a mRNA
expression in RAW 264.7 cells. Cells were co-treated with CP extracts
(50 and 100 pg/m@) and LPS (10 ng/m) for 24 h. The mRNA levels of IL-6
(@), IL-1B (b) and TNF-a (c) were evaluated by real time PCR. B-actin was
used as an internal control for realtime PCR. Data were presented as the
means + SEM of triplicate experiments (* p < 0.05, ** p < 0.01 vs. the
control group).
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HIEITS S MBS o228 23 R 2B "REM
SFMmOIN RS ANEQo, TRESHRTLY ABA FZR
mHRO AHRE HBEAB] AFES JHoldt Nyod, mEAE
o] &35t BAR TR, WAURREO 43t EX, KT &
S k&, AR 45t BILEA, HLEERE 43ts
RAE, BAR% Al EETE LYY ATHO. B, FiE %
%, ke 77t RALEH, WHARE, HEA KRB, EHERIR
mipEe oMde, Bit, BA, B BETE 27 BAKRERER
Iy, BB, REEHERE, WARLEY NS JIRIRE, WS
fFBe ARNoz 34 #at \BES AAst: a5 xyn 9
g 2 9k d5yree §_—1°P°ﬂ/\1 BARE 2
), A7) 55 Ad B A

&
AYL gdg Hoz AgEHo £ APE 43

QL o pe 0
32 rlo i I--l
Oz

=1

Macrophage= lipopolysaccharide (LPS) #ut ojlz} 4o
WYA 92 ARtS stol AN, o3 Azt PAL
9]5ted NO, prostanoid 59 X|9@cjAtA], IL-6, IL-1B, TNF-a
MAZSA cytokine ¥ chemokine S3} 72 AZOf7]AXS
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