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Protective Effects of Gamipalmi-hwan on Elastase-induced
Apoptosis of A549 Cells

Ji-Seok Oh, Yang-Chun Park

Division of Respiratory System, Dept. of Internal Medicine, College of Oriental Medicine, Daejeon University

Objective: This study aimed to evaluate the protective effects of Gamipalmi-hwan (GPH) on elastase-induced lung

cell injury.

Materials and Methods: As an in vitro model of emphysema, the current study was performed to investigate potential
activity of GPH in regulating injury responses of A549 human type II cell line mediated by elastase treatment.
Results: GPH treatment increased the number of A549 cells which was reduced by elastase digestion. Elastin protein
level, which was reduced by elastase treatment, was increased by GPH treatment. Labeling intensity with caspase 3
protein in elastase-treated cells was reduced by GPH treatment. Both Erk1/2 and Cdc2 protein levels, which were
decreased by elastase treatment, were increased to a level similar to that of the normal cells. mRNA levels encoding
IL-18 and TNF-a were increased by elastase and then down-regulated by GPH.

Conclusion: The present data suggest that A549 cells are subjected to inflammatory damage by elastase and can be
recovered by GPH treatment. Further studies examining the protective activity of GPH in elastase-treated lung tissue
would be useful for therapeutic strategies of emphysema treatment.
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Table 1. The Compositions of Gamijpaimi-hwan (GPH)

A Gu] e EHE U § s Zo2 7|gist
ATk

olol AAE in vitro BIGA|IE Al2HlA ] T
7%l ek ATEA HE AEFQA A549 A X
elastaseS A 2|3l ME &3S F=3 & kA
AL 7‘4\“4@’03”‘1 A EF2A P APEFT F

A5 H-SAol st frelgk 29E Aolvle B
3= H}Ol‘?}.
Aot B
1. A=
1) AEF

Aol AME-E AS49 A EE AR Fdol A f
ZE aneuploid cell lineC &, A EF 3]0 A
Pttt

2) hkABALL AT FE
IR AR I (Gamipalmi-hwan, GPH)S] 74 °F&
& @Eusnan Tel AUT F AL

om 139 F o 2t} (Table 1). hibk/\k

REBCEEY) X 4 MiE(g)
o Rehmanniae Radix Preparat 16.0
1 4 Dioscoreae Rhizoma 8.0
e Corni Fructus 8.0
L/ oRD:a Moutan Cortex 6.0
B E Alismatis Rhizoma 6.0
SR Poria 6.0
Mool Atractylodis macrocephalae Rhizoma 6.0
T Aconiti iateralis preparata Radix 4.0
Wk Cinnamomi Cortex 4.0
B Epimedii Herba 4.0
iR T Cuscutae Semen 4.0
i s Psoraleae Fructus 4.0
HABkA Juglandis Semen 4.0
F Armeniacae Arrarum 4.0
kT Perillae Fructus 4.0
HEET Raphani Semen 4.0
il Massa medicata Fermentata 4.0
&3 Hordei Fructus Germiniatus 4.0
ERES Ginkgo Semen 10.0

Total 110.0
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1A B3 FRF 1,000 mE et 99 &
710l 2717 FE3te] & BE st At F
+7%*] (Rotary evaporator, Buchi B-480, Switzerland)

2 =38, thA] 52 7Z7] (Freeze dryer, Eyela
FDU-540, Japan)E ©|-&3t] & Az F2ES
WE (-84 C) BHAstAA Qs w52 34314
*}Q‘s}ﬁ‘:} Ik AgALS] 27] FAZRE 218 g
9] FEES A9 19.8 %9 F&& YeRNAT

3) /\‘I ok

B 2 Fo|| AlE-3F elastase= Sigmaoll X TH3HA
o, 80 unite] TEZ SHRF| F AR A7
20CollA R34 T). Anti-Elastin rabbit pAb (Ca-
Ibiochem, USA), cleaved caspase-3 (Cell signaling,
USA), fluorescein goat anti-mouse IgG (Invitrogen,
USA), rhodamine red-X goat anti-rabbit IgG (Invitr-
ogen, USA), Hoechst 33258 (Invitrogen, USA),
anti-cyclin Bl developed in rabbit IgG fraction of
antiserum (Sigma, USA), p-Erk 1/2 (Cell Signaling,
USA), total Erkl/2 (Cell Signaling, USA), actin
(MP Biomedicals, USA), goat anti-rabbit IgG-HRP
(Santa Cruz Biotechnology, USA) 5 A3}t

2.

1) AlE ulj%f

A549 MEE 10% heat-inactivated fetal bovine
serum (FBS)¥} penicillin (100 units/ml)/streptomycin
(100 pg/mlye] ¥7kd RPMI 1640 media (Lonza,
USA)Z 37T, 5% CO; Z7oA wjkstdnt. Cell
2 75 cm’ flask (SPL, Korea)oll 4] 53] Z2x)71
=, 39 7HAo 2 A gtk

2) MTT assay

MTT[3-(4,5-dimethylthiazole-2-yl1)-2,5-diphenyltet
razolium bromide] 3YUHE ]3] SA3HTH
WA 96 well plated] 1 x 10° 7§¢] A549 A EES
platingd}al, IRAKIES = (0.01 - 1 mg/ml)
2 AHgste] 37C, 5% CO; incubatorol| A 24A)17Hs

IR ABRHLO] elastase A AS49 A|EAPE] i3 BRE@F  (313)

1101] MTT solutionS 3 7}5}e]
3 570nmolA] TFYEE =A

AZ AEE (%) =

3) W gEE
o]z WG AT (double immunofluorescence

staining)S F33}7] A3l, 2] coverslip2 poly-L-
ornithine (0.1 mg/ml, Sigma, USA)3} laminin (0.02
mg/ml, Collaborate Research, USA)S E§3le] 2
20| A pre-coating 3+t 1 x 10° 7HS] A549 A
£ pre-coating® coverslip®l platings}aL, (i) A4
(A4, (ii) elastase (2unit), (iii) elastase2} hnbf/\
AL 0.3 mg/ml = 5 mg/ml YT Z Lol
37C, 5% CO, incubatorol]l A 241759t B A3}
t}. Coverslip EHA A A E2] v At
S 27 913 blocking bufferdl] H & 4ColA 16
ARE &t BESATZ T 13} A= 2.5% BSA, 2.5%
horse serum= $-3F3 Y& blocking bufferol
1:5009] Hl&= E9ste] Ae F, ALolA 44]
7 B wRAIFAY 1A A dgo] i %
PBST (PBS plus 0.1% triton X-100)2 Z&& Ao
a1, 2.5% BSA, 2.5% horse serum= -3t 9l
+ blocking bufferel]l Fluorescein-goat anti-mouse
(green)®} Rhodamine-goat anti-rabbit antibody (red)
£ 1140002 E35l] GAo A 1A]7F 30% 5o 2
A A AE stk 22k A A $ 33
o] ZX PBSTZ Al4& 4343} t}. Hoechst 3 &
g el AS 23] MlE F 0.25% Hoechst
33258 985 A3 PBST &40 2 A & oA
PBST §o 2 AHsitt. W e AxsL
&33u| (Zeiss fluorescent microscope)s =3l
#Eeda, gAY s AL ZE imagest
Adobe Photoshop (version 5.5)2 ©]43}¢] green}
red?] 718} AEE T2 HEZ FHEAA S
At 18] Photoshop program®] Layer blending
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mode optionsE ©]-83} imagesE THA|A #ZF
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4) Western blot £

AS549 AIEZ 60 mm culture dishe] 2 x 107 cells
/ml 2 B33 & (1) AT (G, (ii) elastase
(2unit), (iii) elastase} /AL 0.3 mg/ml E&
5 mg/ml HETFOZ UFo] 24417 52t 37T, 5%
CO; incubatorol| A w8l T) w3 A549 Al
+ 137 mM NaCl, 2.7 mM KCI, 10 mM Na,POs, 2
mM KH,PO4 (pH 7.4)7} 3H+H PBSE A2 $ 50
- 200 pl9] triton lysis buffer (20 mM Tris, pH 7.4,
137 mM NaCl, 25 mM B-glycerophosphate, pH
7.14, 2 mM sodium pyrophosphate, 2 mM EDTA, 1
mM Na3VO4, 1% Triron X-100, 10% glycerol, 5 n
g/ml leupeptin, 5 pg/ml aprotinin, 2 M benzamidine,
0.5 mM DTT, 1 mM PMSF)dl| ©7} 233} ¥3)5}
Atk T F 7} sampledl] thg SiAS Gt
o, 1 F 10 pge] @28 western analysisol] A8
St Th s el de 12% SDS-polyacrylaminde
gel (1.5M Trizma base, 10% sodium dodecyl sulfate,
30% acrylamide, 10% ammonium sulfate, TEMED)
gellA 71%9E A1Z1 ¥ PVDF membrane (Pall
Corporation, USA)ol| A 7]o]%% A|Z1t}. Antibody$}
o] Hl5o]A AFS =] 8 3% bovine serum
albumin (BSA, Sigma, USA), 0.1% Tween 20 &
3l 1= TBS bufferoll A membraneS 1417+ &
oF A& WES-A)7]AL 4T oA 16417 52 blocking
buffer oA wWH&& WPsich. ¥3S 9
membraneS washingd & 13} &S blocking
buffer (1 x TBS buffer, 3% BSA, 0.1% Tween 20)
ol 1:10009] Hl&= 3Asta] oA 302 &

Table 2. Primer Sequences

HRS- A A ©] % membraneS A OUIl goat anti-
rabbit IgG (Santa Cruz biotechnology, USA) E+
anti-mouse IgG (Santa Cruz biotechnology, USA)7}
A= o] = horseradish peroxidaseZ 1:10002]
HI &2 3A5te] AF2ellA 302 Bt Asta o
Al & W Mot vlAEES. Z membraneol] F-2+E
@ A-S western blotting detection systemS ©] &
3l £743199.2 1 Kodak Scientific Imaging Film
(Eastman Kodak Co, USA)el| 7H33}9th.

5) RNA #3g % RT-PCR

A549 A EZ 60 mm culture disholl 2 x 10° cells
/ml 2 B33 & 1) AT (A8, (i) elastase
(2unit), (iii) elastase} HE/ABEI 0.5 mg/ml &
TOoE o] 47 63, 24417 Ft wi el
. RNAE Al 2] 3 6A)7L 24217 Hol| easy-
BLUE *]¢} (iNtRon Biotechnology, Korea)= A&
ate] BElatinh vl gFE AlZol 1 ml9 easy-BLUE
Aokg ¥a, Aol 10%7F AIEE 84171 3,
o710 200 ul9 chloroforme F7}ste] 2 &3t
3 13,000 rpmoll A 1027 AAEE] i) 229
A 400 ploll 5L %2 2-propanolS H7}Fst
2o 1023 BAA1Z 13,000 rpmell A 5%
7F 9AEE st #2lE RNAE 1 mlY 75%
ethanolS 7}35led, 10,000 rpmol| A SEZF Y41&
2] 3}tk 75% EthanolS A #gt , diethylprocarbonate
(DEPC)7} H7He FF<ol 34171 3 260 nmol)
AN FREE S48, vEE st A AL
23199t} cDNA 42 1 g oligo-dT9} S AALE
2 (MMLV-RT, Promega, USA)E A}-8-3}o] &35}
9t} PCRE Taq polymerase (Promega, USA)9} 2+

29] Bol primer® o|§3te] AFSHHAOM, PCR

Target Gene Primer Sequence Pruduct Size (bp)
Forward GCT GAT GGC CCT AAA CAG
IL-18 672
Reverse GAA GAC GGG CAT GTT TTC
Forward AGC CCA TGT TGT AGC AAA CC
INF-a 516
Reverse GGT TGA GGG TGT CTG AAG GA
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Z7L 94C-5min, 94C-30sec, 55C-30sec, 72T
-30sec, 72 C-7Tmino 2 30 cycleZ F33}IHh A ¢
of A2-9 primer= Homo IL-183 (Bioneer, Korea),
Homo TNF-a (Bioneer, Korea) |1t} 2 3ol Al

% primer ¥7]4 €2 Table 29} T}

2 3
L AlE A& mA= FF

kALY Ml s=E 2A57] 98t MTT
assayS AT AS49 AEQ] kAR A&
o & AEEL kALY FE 0.5 mg/ml 7t
Al 3T} 90% FEE AR AR eEE
mg/mlZ ZF7HAZ 75 AEE0] 80%E TAadtY
t} (data not shown).

A549 A|3Eof| elastin T A B3| E 49 elastase
< At AZAPEGFES ZAH] fdste] vk
0.3 mg/ml &< 0.5 mg/ml

USRS mlo] FEE A
S}al Hoechst @4 AP o2 ujGfA| o] A3
o) ¢ Wigks 1/%}“5} B FAISE A Dk /bR AL

< A 85 A o] g7t A2l

Intact

GPH(0.5mg/ml)

Elastase
+GPH(0.5mg/ml)

Elastase
+GPH(0.3mg/ml)

Elastase

A

o IR/EALS] elastase

=/ AS49 AEAPE digh s an  (315)

7FeHA] & BAdTrell Hlalste FEgE polflo] 2
25 2] eFSkth v M elastaseE AT 74
Az o] = gAdatol Hlste] 9.5u) o]t
2 ASEI I AE FAl M st
T AEZ ] FX = B tEl 90% o)} FEL
T4 FEo =2 &= Ao AEHUKFig. 1).

U oox o Ho g

2. Elastin ©h 2 AAJ4=2] wis}

A549 A|XEo|A elastaseol] 23t elastin T A 2]
*ﬂ—‘jlﬁ A *é—’F%—"J Lﬂ ZA¥et7) 915k elastin
o 3k W EF G M} western blot E41-S
AAIG A, elastaseS A2 AE= AgstA] &
Ao H]E}S elastin T A Al 4=Fo]
A FAsG oM, elastaseS AT Mo Jnnk
RS 037 0.5 mgmle] T2 A3 H$-
elastin M EG7} tha 71519 THFig. 2A). Elastin
i do)| tjgh AP MM E9} Hoechst 3]
S AT AE ]”]ﬂ T3 BES An
Tol A elastin B AL AFA QF HIAGME &
A #EE Wk elastase A2 A elastin GAH-$
T Fo)E A& #EGAth WA clastase A2} T

Ao
2
T

=
[e)
& 33

100 -
Z 80f
3
g 60 -
o
= 40r
8 * % * %
= 201

0

Fig. 1. Hoechst nuclear staining of A549 cells treated with GPH in the presence or absence of elastase. (A) Changes of
Hoechst-stained nuclei and morphological feature after different treatments. (B) Comparison of cell number after
different treatments. The number of cells were determined by counting Hoechst-stained nuclei in the microscopic
field (20 x magnification). N = 4 (mean = SEM) 1: untreated, 2: 0.3 mg/ml of GPH, 3: 0.5 mg/ml of GPH, 4: elastase
treated, 5: elastase + 0.3 mg/ml of GPH, 6: elastase + 0.5 mg/ml of GPH. Statistical comparison of the group
treated with elastase plus 0.3 mg/ml or 0.5 mg/ml GPH was made with elastase-treated group (*+p<0.01, Student’s

t-test)
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Intact Elastase

Elastase+GPH(0.3) Elastase+GPH(0.5)

A

Intact Elastase Elastase+GPH(0.5)
B
Elastase Elastase
+GPH(0.3 +GPH(0.5
Intact Elastase ma/ml) mg/ml)
R 2 - - elastin
actin
C

Fig. 2. Immunofluorescence staining and western blot analysis of A549 cells with elastin protein. Cell were treated with
elastase alone, or elastase together with 0.3 mg/ml or 0.5 mg/ml of GPH. (A) Comparison of elastin protein staining
intensity among different treatments. (B) The cells immunstained with elastin were additionally stained with Hoechst
33259 dye to identify individual nuclei. The merged images show the different pattern of elastin staining in individual
cells. (C) Cell lysate (20 pg) with different treatment were used for western blotting with anti-elastin antibodly.

£0°] 0.5 mgmle] F=Z I/AKAS A2 4
- elastin A o] AAH QY= BT A F
oz Z7kehe A
blot ol 93l &
A @ AT By 1%Q elastin THil 2o
elastaseS st F ol Hlste] A FF 7HAst

2] =
= Ao] AU Elastase 2] 3+ Al Eoll Mg\

Intact Elastase

Elastase
+GPH(0.3mg/ml)

Elastase
+GPH(0.5mg/ml)

A

RALS M st 4 elastin®] g Fo] tha F7}s)
= s AT F AATHFig. 20).

3. Caspase 3 whla Ax==0] W3}

A549 ML) elastasett hnuk/\nkILe] Aol 2
st AEAEHA A BAPstHE FoE IR
caspase 39| BT WSS LSS Elastase

Hoechst Caspase 3l merged
-
B
s
[

Elastase
Hoechst Caspase 3
e Elastase
- +GPH(0.3
v mg/ml)
B

Fig. 3. Histological analysis of caspase 3 protein in A549 cells. (A) Immunofluorescence staining of A549 cells with
caspase 3 protein. Cell were treated with elastase alone, or elastase together with 0.3 mg/ml or 0.5 mg/ml of GPH,
and staining intensity of caspase 3 protein was compared among different treatments. (B) Merged images of
caspase 3 staining with Hoechst nuclear staining for cells treated with elastase alone (upper panel) or with elastase

plus GPH (lower panel).
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Elastase

+GPH(0.3 +GPH(0.5

Intact Elastase mg/ml)

mg/ml)

— D_Erm /2

Erk1/2

Fig. 4. Western blot analysis of phospho-Erk1/2 and Erk1/2 proteins in A549 cells. Cell lysate (20 pg) with different
treatment were used for western blotting analysis with antiphospho—-Erk1/2 antibody.

AP)eA S A olF-d HYE A P AX
H3lo] caspase T A ] HAYPF FF T3
Z7ete A2 #FEHAY. Elastase A2 9} H
B kRS A g B$ caspase TEIE 9
Mo thah BEE 9 o} elastase A F ol
Hlgte] ofgt FF o2 A EITh(Fig. 3A). Caspase
o oJste] 333 AAE Aol tis] Hoechst 34
omAE FHAIZ A, caspase YA S ‘/}E‘r
+ Hoechstell o]t @M tfate] &

L ) 2 A ﬂi% Uehfi= ¥HE caspase
- =)

3

e

O!

gémlm

4. Az A= B
s}
AE] AE g B3 V5o 7|FFHoE AAS
£ Ao® 48R Erkl2 B o] HAFE wHils

1>
r o
(i
A%
=
i
%
oX,
-
MN
lo

Elastase Elastase
+GPH(0.3 +GPH(0.5
Intact Elastase mg/ml) ma/ml)

A549 A|Eo|A ZAE A3, phospho-Erkl1/2 T
A FFL elastase 2ol o3te] A ol Bls] o
2 Fas o elastase9t MBS FAl
Aeet A A FELE A Uk eH,

kst S-S E ﬂxﬂ Erk1/2 @ d 53

F0o 2 EAs= Ao

JJHH%/\H@LO] A549 A|E9] MEZA 7)Aol ¥
Ae YIS AT H8ke] cell cycle &
Cdc2 ¥ =4 @14 cyclin B19] AAFF9] Wsh
& AT Cde2 @l de of7dd H2lE shA|
o AMNAEANAN TFL AAHNFEFS

elastaseE &3+ 2% 1%;3 -}F‘Z‘v_‘—ii asrdo
[e]
o

#39)

YeRN A THFig. 5A). Cyclin Bl ©AL clastase
Ao oate] APgFEe] AR, kAL
e FA Agd As AAFTol SThsk AT
(Fig. 5B).

Elastase Elastase
+GPH(0.3  +GPH(0.5
Intact Elastase ma/ml) mg/ml)

actin

Fig. 5. Western blot analysis of Cdc2 and cyclin B1 proteins in A549 cells. Cell lysate (20 p/g) with different treatment were
used for western blotting analysis with antiphospho—-Cdc2 antibody (A) or anti-cyclin B1 antibody (B).
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Elastase
+GPH(0.5
Intact  Elastase mg/ml)

Fig. 6. RT-PCR analysis of IL-18 and TNF-a mRNA expression in A549 cells. Cells were treated with normal saline
(intact) or elastase or elastase plus GPH (0.5 mg/ml) for 6 hrs.

6. IL—18 2 TNF—amRNA @&=Fo] s}
Elastase®] *Jg]ol] 2oldle] f-=% A549 A|X9]
&M @5 v Bd 71XH Vs3S 2AKH)
ste] AZHHEA tEA At E7IRIQ IL-1B9)
TNF-09] mRNA H&FFS RT-PCRO| 95t =
Abgt A7} elastase A 6417 & F4% Al Zof Of
3] elastase 2] IL-1B9} TNF-a mRNA AT+
9 =712 FE35F9 L, elastased}t IMRAKRAILS 5
Al Helgt A F AlE7F] mRNA xgxg_/;%
o] Z+A3}AthFig. 6). ElastaseW L /ABKILS 2
1{ A28k 79 IL-1B9} TNF-a mRNA A4 9] t&
HZEA] 94T} (data not shown).
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elastaseE * 2] 3FA elastase?] 7= FYUS
o A FHz2Ad A H§- 14]712-‘4 FrAFSE A
3z Z;ﬂt;]—;q u:]p;]_g_ SR Ty e 0/1 oz g ‘_]
%]:]_16,17).

WA R ARALE A 1 mgml =W
A7A L] A oA AES] BEES 80% ©Fo=E
FAL & e Ao IO £ AFA]
xHo g2 2SR}l Sl T AE2 elastin, caspase
3] AFF HskE YERW A F3dth S kA
WAL A 7E A549 A Eo] S0l FRkgE f &
sHA] gethe RS gRlstdon, B AFdXxe
HE AYEEL 90% oldo 2 A8 oz B
H 03 - 0.5 mg/ml FE=HHNA elastaseS =] 3t
Aszel] g ME RESAS ARSI

WA elastase A Z]o] < }04 A E2] tﬂi}é
Hoechst stainingS F3lo] 913t Ax AX5
20% FFEOE 7”\0}{— A& gl on }Ju%/\
goe] Al oste] AESFIF 30% FER Ui
e3he A LSS Elastin®] AlXd] G4
F2 clastase Aol 9t FAVEA FAEA
kAL AEel ofste] tha Frkste S #
A3l ol A= kALl X2]7} elastase
A2 2 elastino] Eafste] WA s= A AP of
st Roansg Ztu Y-S Alske Aotk

Elastase A 2]l o3 A Apdel] Qlof A EA =
o] 4317} Boldt=A] ZA7] $18+9] caspase 3
ool A wste] thate] zARSHATH AA 9
QT AMEe AEQF 33 2EH 2 A5
ojuf, MIZAG Q1AL AA, &4 8 £ A=
o] Fold uf Axute] 879 435 Fatd
AEARE FAgeA D' AT AP
ZAg2 2] &A43}d| 2o caspase$} Bel-2 Alg e &l
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