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Antiproliferative Effect of Chungjogupae-tang Treatment was
Associated with the Inhibition of Prostaglandin E2 Release in Human
’ Lung Carcinoma Cells

Jae Hyung Im, Hoon Kim', Mi Kyeon Byun, Chul Woo Kam, Dong Il Park*

Deparktment of Internal Medicine, Dongeui University College of Oriental Medicine,
1. Deparktment of Medical History, Dongeui University College of Oriental Medicine

The effect of water extract of Chungjogupae-tang (CJGPT) was investigated on the growth of human lung
carcinoma A549 cells. Methods: MTT assay and fluorescent microscope performed to compare and examine the
efficacy of CJGPT treatment on the cytostaticity of lung cancer cells in proportion to time and doses, and DAPI
staining and Western blot analysis were used to examine their effect on apoptosis. In addition, the quantitative
RT-PCR was used to examine to lung cancer cells growth, and Prostaglandin E2 activity were measured. Results:
Exposure of A549 cells to CJGPT resulted in the growth inhibition and apoptosis in a dose-dependent manner as
measured by MTT assay and fluorescent microscope. The antiproliferative effect by CJGPT treatment in A549 cells
was associated with morphological changes such as membrane shrinking and cell rounding up. CJGPT treatment
resulted in an up-regulation of cyclin-dependent kinase inhibitor p21(WAF1/CIP1) in a p53-independent fashion. We
found that CJGPT treatment decreased the levels of cyclooxygenase (COX)-2 and inducible nitric oxide synthease
(iNOS) expression without significant changes in the expression of COX-1, which was correlated with a decrease in
prostaglandin E2 (PGE2) synthesis. Conclusion: These findings suggested that CJGPT-induced inhibition of human
lung carcinoma A549 cell growth was connected with the induction of apoptotic cell death and the results provided
important new insights into the possible molecular mechanisms of the anti-cancer activity of CJGPT.
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Ao A18%8 HZXTHE(Table 1) SUisln 24
& @orom, 100 g€ 1,000 mu zgaso] 3
3,000 r mOE 205@ A4 _EW?# FHege

Al
2 doid = —?—%@—E‘S 2 Axol ALE5I8
Z2THY $BY ZFEE(water extract of Chungjogupae-tang,
2 3%} EfFol ool Bt o HEE AM viAl
ol 28 sL2 346l M2IBIAch A9 O1F B M 2= o
= ZBId L A(KRIBB, Taejeon, Korea)ollA] EF wlo} A&
Siiem,  AMES  wike  dREEdl &3l 90%Y
RPMI-1640 ulA] (Gibco BRL, Grand Island, NY, USA), 10%
fetal bovine serum (FBS, Gibco BRL)o) 1%9 penicillin %!
streptomycin (Gibco BRL)o| E&HE HAWIXIS AFESI 37C,
5% COy 271 Slol Al HNFSIATY. BRI f 48A17}nict W&k
FAAL, A2 SAol ME HAE S diash] sk
0.05% trypsin-ethylenediamine tetraacetic acid (EDTA Gibco
BRL)E AMzllo] MEE 2RAIY thg BHS HMZE 255}
of A QST

2. MTT assay (tetrazolium bromide salt)oll Q18 A& AAA A
ZA}

A E HROFE 6 well plateo] Q1A HYMEE 1 x 10°7/ml
T BF0IL 441 8¢ Y tig ERTHY FE5E2
Aol Bl45le] 2 well B 1 ~ 4 mg/mle} BLE A2ld &
4847 =01 ulYEkd 4817y & wXE AAHSL
tetrazolium bromide salt (MTT Amresco, Solon, Ohio, USA)E
05 mg/ml 557} FA HFHIXZE 5481 2 miy BEF6h1

=

W) B3 A7

oo
el

3417} &QF CO; incubatoro A HRQFAIZ] TS MTT A|QES 722
A AL dimethylsulfoxide (DMSO, Amresco)E 1 miX
23561 welloll 4% formazing ZF =09 & 96 well plate
of 200 pA
(ELISA) reader (Molecular Devices, Sunnyvale, CA, USA)Z
540 nmoll4] EBEES ST FHS BE A HE B0,
o, Zol thel Bad EF QX1 Sigma Plot 4.0 =& 72
(SPSS Ins. )22 6193

#7AA] enzyme-linked immunosorbent assay

Table 1. Composition of Chungjogupae-tang used in the present
study.

sty Mot (Herh name) SEHER] g)
A9 Perilia frutescens Britt 12
HES Liriope playphyila 6
A Gypsum fibrosum 28
ol Panax ginseng 28
Z0tel Sesamum indicum L. 28
Or Colla corii asini 28
] Armeniacae semen 28
=] pigE] Eriobotryae folium 1
a4 Glycyrrhiza uralensis 4
Total amount 37

©

A7} BRIEE 018 ME He) B

AE B2 100 mm petri disheo] HEZ 6 x 10° 7} /ml &
T BEFl] 24417} 0 0BT LIS HETHE a2
1~ 4 mg/mle] =L & 34 H2|5le] 48417 EQF BiQrsH
, Q&AL §n1 4 (inverted microscope, Carl Zeiss, Germany)S&
01831 200440] WHER 7 ol nlE YelY WsE Bad

(=)
e AR BgsiErh

O o mo

RS,

4. DAPI(#4 ,6-diamidino-2-phenylindole) stainingol] 9]%} A 28}
9 e HE

2 AElol 918k A549 H| Al L9] apoptosis
7 OR 2ols L d9 A HilE #Eol] sl £
HE  MEE P e 37% formaldehyde SN}
phosphate-buffered saline (PBS)E 1 : 99] BISE 412 fixing

solution TOFR] Ml Zo] 500 ul Hrigtal £25] 42 &, 42
oA 102 E¢F UHBIICE 1,000 rpm O 587} 914 2E|sh
T HZUS MASI PBS 200 1l B BojA] 83 e B,

slide glass 2ol 80 pl AL Hojgd 900 rpmoflA] 5827F
cytospinlith PBSE 2 ~ 33| washingstil PBSY} T} piE7)
Holl 0.2%9] Triton X-100 (Amresco)S H7I5ld 2004 102
b wHEITE 1 & thAl PBSE washingsldl
4’ ,6-diamidino-2-phenylindole (DAPI, Sigma, St. Louis, MO,
USA) 8HE Mz7t ZHE slide glass ol Feiteg gojreg]
= 3 A5 e EAAZICE 158 A Qa7 &
PBSE DAPI 84 & &5 A% Eﬂﬂ EFE Mug] AEGH

= absolute alcoholE 0183} BH S AR slide glass
o] & (Carl Zeiss,
of & QA H

2ol mounting solutiong HElgr & HH &
Germany)& 0] &3l 400819} MiER 2 =
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5. Western blot analysisof] 9lgh Thuldl wisio] 24
¢ R AXTFEYE FFEC] HE Al A ]E§
]7

€ PBSE #lo Wil 0.05% trypsin-EDTAE Azlsld §
ths gld MZE Btrt olEA Hopd Ao A
TH2E9] lysis buffer [25 mM Tris-Cl (pH 7.5), 250 mM NaCl, 5
mM EDTA, 1% NP-40, 1 mM phenymethylsulfonyl fluoride
PMSF), 5 mM dithiothreitol (DTT)]E H7I5ld 40CoilA] 30

CREEIES

LU e LY

—

BISA17) %, 14000 ipm O 3017 AU REIFIO] 1 A5
FBIIT), BN A ST Bio-Rad LD HE A1%}

’93 mlo )

-Rad, Hercules, CA, USA)3} T Al2uR) Wt BE o v
£ =29 Laemmli sample buffer (Bio-Rad)E 41014] sample&
wErt ol®A 0] A E  sodium  dodecyl
sulphate (SDS)-polyacrylamide gelZ 0|83l H/IPEOE &
2sict  2elE cidg gRe gel=
nitrocellulose membrane (£Schleicher and Schuell, Keene, NH,
USA)© 2 electroblottingoll 9131 HolA17) &, 5% skim milkE
593} PBS-T (0.1% Tween 20 in PBS)oll ©70] 22004 1413}
AT incubationgle] H]E0| X0l Thil Al So DS} blockingE A
AlGIIL PBS-TE 158 (R 3MyELE MAESKICch &89
membraneo)} 1x} antibodyE AZ15l0] 2h2cA] 1A7F 014 &
= 4°CollA over night A]7] T}S PBS-TE A& (16871 1H, 58
7} 58)5k 2 XElE 17} antibodyol] 9= 24} antibedy (PBS-TZ
1150022 345k AMB)E AMESHo) 40llA 1217 F& dl
27tk ©iA] PBS-TE  AME(1087F 4#H)8lZ
chemiluminoesence (ECL) € (Amersham Life Science Corp.,
Arlington Heights, IL, USA)2 A &417] t}& Y-olA] X-ray
filmol  ZEAAH  EFUMZAY g EMsiRirh

ImmunoblottingZ {43l 22} A E AMEE peroxidase-labeled

=
we

acrylamide

enhanced

donkey anti-rabbit %! peroxidase-labeled sheep anti-mouse

immunoglobulin® Amersham Life Sciencecll4] i3IAct.

6. RT-PCR(Reverse transcriptase-Polymerase chain reaction)oi
9/gF mRNA HL’SJQ] 2

27190 SYSH £olA FulE YA ZE PBSE AAHSHL
TRIzol reagent (Inv1trogen Co., Carlsbad, CA, USA)E 4TolA]
1A]17F E0F A1l total RNAE BT EElE RNAE
Mgl &, BASIUA} ole FAAl dlgEE 247t9] primer
(Table 2), DEPC water 12|12 ONE-STEP RT-PCR PreMix Kit
(Intron, Korea)& ¥ Il Mastercycler gradient (Eppendorf,
Hamburg, Germany)E 0185101 SZ3IR3rCt 7+ PCR AHEEY)
A xlo|E 201517 Y6k 1X TAE bufferZ 1% agarose gel

S =T well @ 2t219 primero]] &= PCR 4120l DNA
gel loading solutiong 4301A] loading $} % 100 VoilA] H71¢
=2 59tk ANEECE DNA Bzt Zvt gel@ ethidium
bromide (EtBr)E 0}&3dlcl FAUSE £ ultra violet(UV) FhollA]
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018} Picture works’ photo enhancerZ 01&56l ARl &Y

14t} ojul  housekeeping =& AR  glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) &% A+ internal control
2 ARE3IACE

10 j\Ol-

7. Prostaglandin E29] &%

Prostaglandin E2(PGE2)9] % /80%] nx) =
29 ggrg ol flsle] AHEE enzyme immunoassay
(EIA} kiti= Amersham Corp.ollA] :rLuo}QiD}. HA FHE &
R EE 96-well plateo] well & 160 12} vRA] o]l 10" cell/ well &
TE 25l 14417 SO uigst £, FETHY FEEE S
THF Xl 45l Melskit. olml phAt wixlel kg
EE 180 @B BYAIFCE 48217 F wiXol 25%9
dodecyltrimethylammonium bromide7} 7% bufferg 20 uf
A7V61d & wiAQ o] 200 pt E1A oF & lysis7t 2 iUl
S 43 AASIKCE 20 oF 1087} incubation
Bt & Trypan blueg 0]86H UM EY] & A FBIATE oF 50
9] lysateE F3le kitoll £ protocolol] W2} EIAZ HA|SH
% 450 nm2)| FpAoIM HolF ghg 7IEQE PGE2SY) &2 &3
5%

BRI 5%

£ pipettingE

Table 2. Gene-specific primers for RT-PCR in the present study

(Gene name Sequence
053 Sence 5-GCT-CTG-AGT-GTA-CCA-CCA-TCC-3
Antisence 5-CTC-TCG-GAA-CAT-CTC-GAA-GCG-3
p21 Sence - 5-CTC-AGA-GGA-GGC-GCC-ATG3
Antisence 5-GGG-CGG-ATT-AGG-GCT-TCC-3
COX-1 Sence 5-TGC-CCA-GCT-CCT-GGC-CCG-CCG-CTT-3
Antisence 5-GTG-CAT-CAA-CAC-AGG-CGC-CTC-TTC-3
COX- Sence 5-TTC-AAA-TGA-GAT-TGT-GGG-AAA-AT-3
Antisence 5-AGA-TCA-TCT-CTG-CCT-GAG-TAT-CTT-3
NOS Sence 5’-AGA-GAG-ATC-CGG-TTOACAG:
Antisence 5-CAC-AGA-GCT-GAG-GGT-ACA-3
NTERT Sence 5'-AGC-CAG-TCT-CAC-CTT-CAA-CC-3
Antisence 5-GTT-CTT-CCA-AAC-TTG-CTG-ATG-3
TEP-1 Sence 5‘-TCA~AGC-CAA-ACC-TGA-ATC-TGA—GG:
Antisence 5-CCC-CGA-GTG-AAT-CTT-TCT-ACG-C-3
nTR Sence 5'-TCT-AAC-CCT-AAC-TGA-GAA-GGG-CGT-AG-3
Antisence  5-GTT-TGC-TCT-AGA-ATG-AAC-GGT-GGA-AG-3
cmye Sence 5-AAG-ACT-CCA-GCG-CCT-TCT-CTC-3
Y Antisence 5-GTT-TTC-CAA-CTC-CGG-GAT-CTG-3
Sp-1 Sence 5-ACA-GGT-GAG-CTT-GAC-CTC-AC-3
Antisence 5-GTT-GGT-TTG-CAC-CTG-GAT-TG-3
GAPDH Sence 5'-CGG-AGT—CAA-CGG-ATT-TGG-TCG»TAT‘S’I
Antisence 5'-AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-3

A

4 3
1. QY Balo) nils AREATHE 2220 A5k

A549 Q1A HIQMEY Bl vXE ARFHY FEE
(CJIGPT)Q] &S YolRr] Qs o1& 48AIEe sEHE A
2|8t & MTT assayE 018238l] ZABIGICE Fig. 10141 UER:
niol Zo) AZTHY FE29 Al st &7e] wet #)
QR £ O] ZAlo] AEIA AAE S o & YT =5 3 mg/ml
9 HETFHYE FEBE ATISINE B 60% olde] ZS4AH
FI) UK, 4 mg/ml) EEollAlE oF 80% BT FA] o

g
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Fig. 1. Growth inhibition of human lung carcinoma A549 cells after
treatment with water extract of Chungjogupae-tang (CJGPT). Cells
were plated at 1 x 10° cells per 60-mm plate, and incubated for 24 h. Cells were
treated with variable concentrations of CJGPT for 48 h. The growth inhibition was
measured by the metabolic-dye-based MTT assay. Results are expressed as the
means + SE. of three independent experiments.

2. AERFHY FEE Aolol o5 &2 HeNHS}
Fig. 19} oA mig QM) TAH0) HefHslE &

=
otEy] 95l FETHE FEES BASY MElth = A
At e g ol&dlad BFBIATE Fig. 204 & 4 AUR01 &

THg 2229 5% Sl wl2 WE A8 HehA Wl
7} BEEUCE 3] AEFUE RE29) 55U} ErtEEE o
AEY WErh Zasid 41 EXE #@dsls =8
dendrite-likedt TR HIFYOH, HAS L5l wix ¢

Rew)- Askdo] Z71ES o 4 UL o1 Q1A B
Zol ARTHE 2529 Hxk JEH HeiE w9
29 Zak ARTHE 2229 Mgl wE £ 9 1t
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Fig. 2. Morphological changes of human lung carcinoma A549 cells
after treatment with CJGPT. Celis were plated at 1 x 10° cells per 60-mm
plate, and incubated for 24 h. The cells were incubated with variable
concentrations of CJGPT. After 48 h incubation cells were sampled and examined
under light microscopy. Magnification, X200.

3. HxTHYE FEE oot LAIEY] apoptosis Fit

A549 HAA oA EFHYE FEEY Al Qg 54
£ Y47} apoptosis®) 2l o] U ASE 7hE 0]
BAFHYE 255 Aol & QA =z o) JeHSE DAPI g4
£ &5k Bl ZAGINCE Fig. 304 LERA High Lol F&
BRATOl AT ke M ES] AL 919 HAV St €HE E
He oiie 2o BETAE 22EY st ErtEs
apoptosis &t 501401 8] 1} DNA thHglo] ot Hahz]
E&% gl apoptotic body®l 4 L7}t ZE71E Tt o]
HxTHAE FEE AHeld WE UAEY HA GA

Al OIx
apoptosis 2t} WS d@Pol UEE BAFs 4%

fr e o g &=

°
=

3
CJGPT (mg/mi)

Fig. 3. Induction of apoptotic bodies of human lung carcinoma A549
cells after treatment with CJGPT. Cells were treated with CJGPT for 48 h,
fixed and then stained with DAPI. After 10 min incubation at room temperature, the
cells were washed with PBS and nuclear morphology was photographed with g
fluorescent microscope using blue filter, Magnification, X400.

4. p53 B 'P2L(WAFL/CIPL)S) @islo] 1A s BETHE REE

DR=E
Hee AxTEE 2529 Azl o AN B4l
ol SAo] BYIR SHAL EE MEHY] 2B ATIREY)

alel 3oL JEgol JeAY JARE ZAK] flskd St
LR AR & 7Ha £98 p53 W DA Al
= cyclin-dependent
kinase (Cdk) inhibitor p21(WAF1/CIP1)9] gislol njX]= HXR
THY FEEQ G2 ZAIGIAITE Fig. 4A B BY ZIolA
2 % QU50l p53 SRR AL HA £EME 2 st gl
QoL el SFAME WE g B H4S Bae £ 9
Qck p219) AL AT FETIAY &S H2lZolA ol
Til ghiln Exo] BEHLUOL, Hel ST} 571
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e 4k doH, M2 S4] A, apoptosis X
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Fig. 4. Induction of Cdk inhibitor p21 expression by CJGPT in
human lung carcinoma A549 cells. (A) After 48 h incubation with CJGPT,
total RNAs were isolated and reverse-transcribed. The resulting cONAs were
subjected to PCR with p53 and p21 primers, and the reaction products were
subjected to electrophoresis in a 1% agarose gel and visualized by EtBr staining.
GAPDH was used as an internal control. (B) The cells were lysed and then celiular
proteins were separated by SDS-polyacrylamide gels and transferred onto
nitrocellulose membranes. The membranes were probed with anti-p53 and anti-p21
antibodies. Proteins were visualized using an ECL detection system. Actin was used
as an internal control.
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Fig. 5. Inhibition of COX-2 and iNOS expression by CJGPT in
human lung carcinoma A549 cells. (A) After 48 h incubation with CJGPT,
total RNAs were isolated and reverse-transcribed. The resulting cDNAs were
subjected to PCR with COX-1, COX-2 and iNOS primers, and the reaction products
were subjected fo efectrophoresis in a 1% agarose gel and visualized by EBr
staining. GAPDH was used as an internal control. (B) The cells were lysed and
then celiular proteins were separated by SDS-polyacrylamide gels and transferred
onto nitroceliulose membranes. The membranes were probed with anti-COX-1 and
anti-COX-2 antibodies. Proteins were visualized using an ECL detection system.
Actin was used as an internal control.

5. COXs(cyclooxigenases)@l

ETHY 2529 6%
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5.

ol IEju

o
3
40
e

cyclooxigenases (COXs)Ql wWa & IE 4tEd dBE=
prostaglandin (PG) 484y % inducible nitric oxide synthease

(iINOS)9] 30l 48 E AABIITE Fig. 5AQ Aol &
4 UZ0] HAkeEoA COX-19] wdlole M9 H37t gie
L iINOs B COX-29 A2 BXETHY £&8 Aol 8%
HOE 2 A4HJSE & & AJTE HAREAA L Fig.
5BofiA] HeE uiel Zol COX-19 wde st At
COX-29] w3 ARTHE FEE9 M sk &7l weh
e FOA QT AR UL S COX-20 Qs 4
+ prostaglandin E2 (PGE2)Q] A2 Fig. 69 2
Higl o] FxHY F28 Melsk d&des 7
2F VElTE wiglk EETEY 2&E A
Z4] ofFol= INOS W COX-29] HEld

PGE29] X Ad) ZHo) A= ACE

o

B

60
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40 1
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0.5 1 2
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Fig. 8. Inhibition of PGE2 production in human lung carcinoma A549
cells after exposure to CJGPT. Ceils were treated with the indicated
concentrations of CJGPT for 48 h and collected. The PGE?2 accumulation in the
medium was determined by an EIA kit as described in materials and methods. Data
represent the mean values of two independent experiments.
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I} & W apoptotic bodyQ] Edol SHIE A549 Al
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endonuclease®] EMofl 918} DNAS] At} &4tol] 4u1E
H 2 apoptotic body9] &4 (Fig. 3)2 HATHE &
Hgloll A8 A549 UM L] HA] AR 7} apoptosis FEtt
ol dyde] USE dvjsld F&= Zaolrt.

MEE Lo HE9] SalolAl MZ2F7) ZE 24
Cdk inhibitorse= Cdk complex®} ZAgt5i
248 dxsks ASE YeA A=l 53] CIP/KIP Zoll £
Shk= p2{WAF1/CIP1)2 &9 ARIFHALR] pS3oll sl &4
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QIAMTQIM O] FA] B prostaglandin E2 4ol v]i]E ARTHEY gl st A

TSP, p219] &3l p5o] BAiGHE Aol YrEAo|A]
g A o) wighal p53 ulelEHEl AZE sl p21o] &Y
SRCLE LA Uor™, o2 DNA damaging agent
ol & AZEZHA] OJJHI ol = p213} FHo] lgol S oH gt
o migid B Aol BETHY 258 Ml A ¢
A B MZEY Z4] A L apoptosis FLIHNA] FeF o
A AR p53 L Cdk inhibitor p219] #H ARE EAISI
T} Fig. 4A9) ZAmlolA et Zo] 5 AA FAANR! p539] &
2 mRNA 281 FZFHY 228 Aglo wet 2 Hapt
oLt “&tﬁe SF2 288 danEe Ade B FRA
T}t ol HZTHYE FEE Aelo) ddl] p53 whdg)
half-lifeQ] ttZo|Ll HA 4=F0 41 Q] modificationo]] Qg AS
2 ZH T oZICHFig. 4B). 1211} Cdk inhibitorQ] p219] A2+
mRNA EH= BA0] gl U8l S7p7t Rsk A
ol A RE] HEEACHFig. 4). ol p219] WASTI7t p53 a]
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