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Protective Effects of Maekmundong-tang on Elastase-induced Lung Injury
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2Dept_ of Neurophysiology, College of Oriental Medicine, Daejeon University

Objective: This study aimed to evaluate the protective effects of Maekmundong-tang (MMDT) on an elastase-induced
COPD model.

Materials and Methods: The extract of MMDT was treated to A549 cells and elastase-induced COPD mice model.
Then, various parameters such as cell-based cytoprotective activity and histopathological findings were analyzed.
Results: MMDT showed a protective effect on elastase-induced cytotoxicity in A549 cells. This effect was correlated
with analysis for caspase 3 levels, collagen and elastin contents, protein level of Cdk1, and gene expression of TNF-a
and IL-1B in A549 cells. MMDT treatment also revealed a protective effect on the elastase-induced COPD mice
model. This effect was evidenced via histopathological finding including immunofluorescence stains against elastin,
collagen, and caspase 3, and protein level of Cdc2 in lung tissue.

Conclusion: These data suggest that MMDT has pharmaceutical properties on COPD. This study can provide scientific
evidence for the efficacy of MMDT for clinical application to patients with COPD.

Key Words : Maekmundong—tang (Maimendong—tang), chronic obstructive pulmonary disease, A549 cell, elastase
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1. M=

1) X% #4% +=

415 (Maekmundong-tang: MMDT)2] 4 <F
22 () F938 2 (Kyeongbuk, Korea)ollA] =]
o} A}-&-3}% th(Table 1).

%FFJQ‘?% 43 E=(108 g)dl SFS 1,000 mE
7¥ete] e FE7100A 2413 1t 7HhEte] A& o
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Table 1, The Composition of Maekmungdong-tang

Herbal Name Pharmacognostic Name Amont (g)
LIPS Liriope Tuber 10
£ Pinellia Rhizoma 5
Bk Oryzae Semen 5
x K Jujubae Fructus 3
NE 3 Ginseng Radix 2
H o Glycyrrhizae Radix 2
Total 27

< P3| Th o] & 7t SFA| (Rotary evaporator,
Buchi B-480, Switzerland)2 F<3l1, tA| 52
7127](Freeze dryer, Eyela FDU-540, Japan)E ©]-$
ato] & Az 282 WE(-840C) B HatA]
A2l ol et FER gAste] AL
KA 271 R4 108 g2 5 30.8 g9 F=
B35 dof 285%°] &S YESITH

2) A549 A|E

A549 Al Ee Aol HE J| AT A EAN
2l aneuploid cell lineC.2A, =M ELF 23
(Seoul, Korea)ol| A/l +<33F5ith.

3) ICR 7 A

AFFEL albino ICR ALl 7 AARA 1
g AtEet BS oud A<k glo] HHES o4
o, £t 22-240C, X+ 50+10 %7} FA EH =
5 sta, 2 W F7)(12A3F F/oh7t 24
A3 sAA A

4) AloF

B 28 o Al&3 elastase= Sigmaci A
o, 80 unite] FEE FHRT 5o A A7
-20Co A ®#3F T} Anti-elastin rabbit polyclonal
antibody(Calbiochem, USA), monoclonal anti-collagen
(Sigma, USA), cleaved caspase 3(Cell signaling,
USA), fluorescein goat anti-mouse IgG(Invitrogen,

ol glod
H O 3
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USA), rhodamine red-X goat anti-rabbit IgG
(Invitrogen, USA), Hoechst 33258(St. Louis, USA),
anti-Cyclin B1 developed in rabbit 1gG fraction of
antiserum(Sigma, USA), polyclonal anti-cdc2(1:1,500,
Santa Cruz biotechnology, USA), phospho-p44/42
Erk1/2 kinase antibody(1:4,000, Cell Signaling,
USA), p44/42 Erkl1/2 kinase antibody(1:4,000, Cell
Signaling, USA), Actin(MP Biomedicals, USA), goat
anti-rabbit 1lgG-HRP(Santa Cruz Biotechnology, USA)
g A

2. &Y

1) In vitro 29

(1) A= wik

A549 M E+= 10% heat-inactivated fetal bovine
serum(FBS)@} penicillin(100 units/m¢)/streptomycin
(100 pg/mf)o] #H7FE RPMI 1640 media(Lonza,
USA)E 37T, 5% CO, o)A wjkslict. Cell
2 75 cm® flask(SPL, Korea)ol|A] &3] 24171
%, 3¢ Ao w Al wjgesd

(2 M= BEE

MTT[3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltet
razolium bromide] S5 o]&3t] A3k
WA 96 well platee] 1 x 10° 7§¢] A549 A XS &
FotaL, (i) BT84 d4), (i) elastase(1 unit)
A2l Uz, (iii) elastase(1 unit)e} &M4Y F=
23 77 (01 - 1 mgmd)E A3 HFdFo s
o], 37T, 5% CO2 incubatoroll A 2441 7HE<t wj
sttt 2+ wello]l MTT solutionS 3 7138ked 44|
< vESAIZL -, 570 nmoll A FFEE =33
ot

AZe] &L vt 2ol Atsisith

oA )

Al 8%
A AEE%) =
o

staining)= & 3}7] f13ked, 2l coverslip poly-
L-ornithine(0.1 mg/m¢, Sigma, USA)Z} laminin(0.02
mg/mf, Collaborate Research, USA) &-<lo] Yo A
2o A pre-coating 3+$1TF 1 x 10° 7H2] A549 A
= pre-coating® coverslipell 331, (i) AT
(A1), (i) elastase(l unit) 2] 2T, (iii)
elastase(1 unit)e} Zf1%%; F25 0.5 mg/ml A&
Ao g JFo] 37T, 5% CO; incubatorol A 24
AIZE B9t wi ksl Tt Coverslip oA =gt Al
¥E 4% paraformaldehyde/4% sucrose”} &34
2kh3 ol (phosphate bufferfersaline; PBS)C.2 4
oA 408 B AT HSold AgE 9
71 93l blocking buffercl] &< 3 4Co|A 1623t
< WRAIZ T 13 Al 2.5% bovine serum
albumin(BSA, Sigma, USA), 2.5% horse serum=-
5435t 3 1E blocking buffero] a7 H]&= &
Foto] Aejgh &, AoA 4A3F FF vHEAIZ T
12k A whgo] - ¥ PBST(PBS plus 0.1%
triton X-100)2 &= Aojlal, 25% BSA, 2.5%
horse serums 33kl 0= blocking buffere]]

2oox 2

Fluorescein-goat  anti-mouse  antibody(green)<}

Rhodamine-goat anti-rabbit antibody(red)E 1:4002

2 Zgoto] oA 113 308 F<F 22 FA A

& Fsch 23 A M F 33 A

PBST= AlH-S 4331t} Hoechst 3 94A4& 4

Pale 7% 23 AlH % 0.25% Hoechst 33258 &
o

FARE T3 PBST 9oz A2 F o
PBST &4 o= AlHalgith 22F &A= Yol Wzt

al7] wiEol] WRSAIZE Fob halelA astad

HAH A LSS PF3n|Z(Zeiss fluorescent micro-
scope)& B3l #EEG L, dAYE FERE K
TZE images= Adobe Photoshop(version 5.5)< ©]
83kl green} rede] 719} A=E ZE HER
ZAsto] #&EgITE. 18] 3 Photoshop program]
Layer blending mode optionsZ ©]-&3}o] images=
SEAA HEFoaM 7t child o] Wy 9|5 wa
STk & Ao A3 13} A= anti-elastin rabbit
polyclonal antibody(1:500, Calbiochem, Germany),
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monoclonal anti-collagen(1:400, Sigma, USA), 12|
11 cleaved caspase-3 antibody(1:500, Cell Signaling,
USA) & °ldth

(4) Western blot ¥4

A549 A= 60 mn culture dishol 2 x 10° cells/
m 2 53 (i) A=A L), (ii) elastase
(1 unit) 2] =, (iii) elastase(1 unit)$} 2574
¥ FE% 03, 05 mgmt A AAFoz o
2417k Z<t 37T, 5% CO, incubatorol|A] Hj <ks}3i
o} ket A549 A|¥E 137 mM NaCl, 2.7 mM
KCI, 10 mM NaPOs, 2 mM KH.PO4(pH 7.4)7} &
4% PBSE A& & 50 - 200 w09 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 Na3VOs, 1%
Triron X-100, 10% glycerol, 5 xg/mé leupeptin, 5 pg
/m¢ aprotinin, 2 uyM benzamidine, 0.5 mM DTT, 1
mM PMSF)ell &7} 253 alfstltt. 1 oh5 7t
sampleol] tigt DA S HFFetgiom, 1 F 10 ug
TS western blot Aol AMESHITH A 3t
A2 12% SDS-polyacrylamide gel(1.5M Trisma
base, 10% sodium dodecy! sulfate, 30% acrylamide,
10% ammonium sulfate, TEMED) “dellX A7 %
A1Z1 & PVDF membrane(Pall Corporation, USA)<]
Z710]1%F AlZth Antibody®te] B 5ol A AgHE 2t
7] 98l 3% BSA, 0.1% Tween 202 d+3taL &
TBS bufferc]A] membraneS 1413t 9k A& w3
Al7] a2 4CoA 16A13F B3t blocking buffer ol A
& 73ttt vk i membranes washing
3k 3 12} A& blocking buffer(1 x TBS buffer,
3% BSA, 0.1% Tween 20)°l] a7l v]-&=Z 3]s}
gl 30 FRF RHAIZTE 1 T membrane=:
Mo 1L goat anti-rabbit IgG(Santa Cruz Biotechnology,
USA) B+ anti-mouse 1gG (Santa Cruz Biotechnology,
USA)7} Ad= o] & horseradish peroxidaseS
1:20009] Bl &= 3|4 ste] AF&o4 30& F<F A
ata oA g W Aot rix 2o 2 membranec]
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2w okl 2S western blotting detection system-2-
ol&3te] =A3li e Kodak Scientific Imaging
Film(Eastman Kodak Co., USA)el| 734 3lsith &
Ao ALgE 12 FAE  anti-elastin  rabbit
polyclonal antibody(1:1,000, Calbiochem, Germany),
monoclonal anti-collagen(1:400, Sigma, USA), anti-
cyclin B1(1:1,500, Sigma, USA), polyclonal anti
-cdc2(1:1,500, Santa Cruz, Biotechnology, USA),
cleaved caspase-3 antibody(1:1,500. Cell Signaling,
USA), phospho-p44/42 Erk1/2 kinase antibody
(1:4,000, Cell Signaling, USA), p44/42 Erkl/2
kinase antibody(1:4,000, Cell Signaling, USA), actin
(1:15,000, Biomedicals, USA) & °]3ith.

(5) RNA % 9 RT-PCR

A549 A|EZE 60 mm culture dishel 2 x 10°
cells/m¢ = &5 & (i) AT EF), (i)
elastase(1 unit) A2 =, (iii) elastase(1 unit)<}
KA 55 03, 05 mgme AP Ao U
ol 24413t Feb ulFatsith. RNAE oFAf A2 £
24717t Fof| easy-BLUE A]<K(Intron Biotechnology,
Korea)= AH&-ato] 23ttt vl e AlZe] 1 ml
9] easy-BLUE A9 Y, A-Lo|A 10%37F AlE
= gaA1Zl &, 7] 200 w9 chloroforms

8 Stk wEE A5 400 wloll T Fe
2-propanolS AH7}etal Lo 1087 HAA7] &,
13,000 rpmel|A] 5%+ A4lEE] siSith ReE
RNAE 1 mle 75% ethanols #718ted, 10,000
rpmellA] 57 A4lE2] sttt 75% ethanol Al
Azt 5, diethylpyrocarbonate(DEPC) H71d &7
Fo &aiA71 T 260 nmolA EFEE ZH s,
s st ARl AHESHITH cDNA 8-S
1 pg oligo-dT9} GHAALE A (MMLV-RT, Promega,
USA)E Alg-3to] 3433 th PCR2 Taq polymerase
(Promega, USA)9} Z+z+e]l Eo] primers o] &-3}o]
A8l on, PCR %712 94C-5min, 94°C-30sec,
55C-30sec, 72C-30sec, 72 C-Tmin2& 30 cycle=

E
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st Aol AMEH primer B-actin, 1L-1(3,
TNF-a= (5°) Bioneer(Dagjeon, Korea)ol] 2] &35}
cDNAC] t]-g3l= ALY 2 At tH(Table 2).

2) In vivo A&
(1) Elastase #&% 29
FICRA 3 BHE 27 3kl (i) obF
2 ziaé— a2 ke FAE, (ii) elastase(0.4 unit,
100 ) A 2|3k =2, (i) elastase 2] ¥ 2"
435 FEB(400 ngkg, po) Fol APwew b
Aok =z ELJJr AT vEE ot A F 24
olo] Oi% Z 37 oA Fol elastase
E2 100 b FAAAT H2A] &
S AnE #EAd o, 3Y
sttt A tollnt 797 2
Folatla B t 2w
sglon, Aol By & 7t

3} tH(Scheme 1).
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(2) Hemotoxylin & Eosin 41
¥ ZZA L -20°Co A WEAIZ] & cryostatE o]&
st 20 yme] AR Zeh Setol=o] ¥4tk H& E

Table 2, Primer Sequences

stainingS 28171 9l8te] &etol
o 1% ¢ Wt E F 52 FHF o8 W
A Z eosine]l 3027t 911 52E Z{HFE o
2 W Al Faeh 1 v 50%, 70%, 95% ethanol
o zZtel &2 oy W Aom JAS s AAG &
xylenedl] 183F S@7FF30th vlx|2ko 2 gelatin mount
medium< ©]-&3lo] cover-slideE 3T F&a44]C
™, olgdt MZELS Fstdn] A (Light microscope,
B A

[
i
=
@D
3
=4
o
X
=
=1

Nikon, Japan)<

< -20°Co|A WEAIZl & cryostatE:
me] l:r”ﬂi et *E‘rol‘“’ﬂ 27

63'3}1 HOH 4% paraformaldehyde,
4% sucrose”} E3%E PBSol| 455 E<t LElol=E
o] 24S nAsinh ol Ad AL in
vitro Ag g2 FdstTh

staining) <

(4) Western blot &2
H%AS 137 mM NaCl, 2.7 mM KCI, 10 mM
Na:PO;, 2 mM KHPOs(pH 7.4)7} 5% PBSE

Target Gene Primer Sequence Pruduct Size (bp)
-actin Forward CAC ACT GTG CCC ATC TAT GA 409
p Reverse TAC GGA TGT CAA CGT CAC AC
IL-1 Forward GCT GAT GGC CCT AAA CAG 672
g Reverse GAA GAC GGG CAT GTT TTC
TNE- Forward AGC CCATGT TGT AGC AAACC 516
a Reverse GGT TGA GGG TGT CTG AAG GA

MMDT (400 mg/kg) or distilled water oral treatment
——p|

6 7 8 9 10 (day)

Elastase inhalation
(0.4 unit, 100 1)

[ [ [ [ [

!

sacrificed

Scheme 1, Elastase induced lung injury model.
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A& 3 50-200 0] triton lysis buffer(20 mM Tris,
pH 7.4, 137 mM NaCl, 25 mM (3-glycerophosphate,
pH 7.14, 2 mM sodium pyrophosphate, 2 mM
EDTA, 1 mM NagVOs 1% Triron X-100, 10%
glycerol, 5 pg/ml leupeptin, 5 pg/mé aprotinin, 3 UM
benzamidine, 0.5 mM DTT, 1 mM PMSF) €< 3}
oA Ealstdth. 2 ths 7+ samplecl] g wh A
= F@otsiom, 15 pgo] T E S western blot &

Ao ARgstlnh o] F9] A3 A2 in vitro 23

F43 293

2

(5) =% sample®] &An7 &

HAYPZA D H&E
An7d S o] &ato] A g 7de F-2E g
g JhglR o|uAE E&3le] ACT-1 softwares
o]-g-3le] A3l th 3 o]u| A= Photoshop 2
a3 7Fe] image blend =2 o]t #4319

jutea

11% Nikon &%

~PN-’

1-‘ _101‘

_&FBL 3

A
A A& AZE one-way ANOVA(SPSS
0 Fom™ Duncan®] WHo R /\}—r
Ad< ek gz <
T3} Blwsle] p<0.05 & w ool e A

"J_’;g O}ME]'-

A

o 1401

120 -

S 100 - /\O—H

e

5 80 -

S 60 A

S 40

T 20 -

= O 1 1 1 1 ]
0 0.1 0.3 0.5 1

MMDT(mg/ml)

1, In vitro

1) AlZAE nX]= FoF

AB49 M3l &ML YE 0.1 mg/mio Al 1.0 mg/me
o FEHIE A Ay, AEAYEEL 100 -
120%°] AE& WHE A o= et
(Fig. 1A). A549 A ¥0] elastaseS A 2lsle] Fr=d
AN ZEA A, elastaseS ‘I:‘r%ii Agg Axe
Aol vls] 78%9] Al EABEL-S Ko elastasec]
ot MEEAS ge = U, vk L4
%3} elastaseE o] A 2|3k A o ]/\1 0.3 mg/mez}
0.5 mg/mle] FieollA ZHzh =t thu] 97%2t 99%

o] AlxAEES YE O ZfT450] elastase”} -
T3ke XSO Y AYXE Hista te
A AT 5 AUATH(Fig. 1B).

2) Caspase 3 Aol mx]= P
Elastase & WE/\] 70 AE }“é | ohgh 245

Ll %%Z?} A Tl caspase 39 EAE WY
FFAAE B T Tl e caspase 3
|

o] Aol TR gkom, A549 A X elastase

B

120 7 ttt Tt
g 100 .
» 80 1
=
S 60 A
[~8
_ 40 1
R
— 20 A

0

Elastase - +
MMDT - - 0.3 0.5

Fig. 1. Effect of MMDT on proliferation of A549 cell. (A) A549 cells were harvested for MTT assay after treatment with
various concentrations of MMDT. (B) A549 cells were treated with elastase (1 unit) alone or in the presence of 0.3

mg/mé and 0.5 mg/mf of MMDT.

=2 0<0.001 compared to control by ANOVA test.
t++: p<0.001 compared to elastase by ANOVA test.

68



2EY 9 491 : Elastase i/ #2270l digh &Y Raay) (253)

£ A2]gt 7% caspase 3 EAS YEE AE7} dAE Fert gasgion, Axvt 22 8 9
HEE A} Tl KMES SA AR S el H2 dad s #2E F AJTh AM%e 5
= caspase 3 24S Uehll= Az 71 IA & Aol 22gk 7% elastind] ¢Jste] daE H =7}
Fe HEATH(Fig. 2) T AR FHE YElll = Ao R gRlE]
THFig. 3A). Elastase® F=A171 A549 A X<

3) Elastin ¥ collagen A/del m]x+= J3F collagen <3lloll theh &[14e] Re s WY
Elastase® X417 A549 A9 elastin £l o PGS o] g5te] B|AFAL ol FAE A3t
gk L4y RSERE u9Eddas o A & G A A collagen AL A
sto] #ASITE obrAE AelokA]l ¥ BT EA FEoA & AR, elastase s A2l e 7
A E] 7% elastin WAL A EH BEA 2 % collagen©l] ¢Jate] FAE H w7} st o,
FZE 93, elastased A 2] g 75 elastinol] €] 3t KM4&Yre SAlO AEd -9 collagenel] 2|t

Caspase 3 Hoechst Merged

Elastase

Elastase
+ MMDT

Fig. 2, Effect of MMDT on elastase-induced apoptosis via immunofluorescence staining of caspase 3. A549 cells were
treated with elastase or elastase plus MMDT (0.5 mg/mé) for 24 hr and used for caspase 3 immunostaining (red)
and Hoechst nuclear staining (blue). The nuclei positive to caspase 3 were marked by arrows in Hoechst-stained
image.

Intact Elastase Elastase+MMDT
Intact Only elastase Elastase+MMDT

Fig. 3. Effect of MMDT on intra—cellular elastin (A) and collagen (B) level in elastase-treated A549 cells. A549 cells were
cultured and treated with elastase or elastase plus MMDT (0.5 mg/mé) for 24 hr. Immunofluorescence staining
against elastin (red) and collagen (green) were performed.
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Q98 Pt 34T FAR FeE vehlE A
o

Al
©.2 =l 9Ith(Fig. 38).

4) Cdk1, cyclin B1 2 phospho-Erkl Aol
X e 9

Axe] TAg fEals A cokl
iy
=]

=

A 5L A549 A FEo| A western blot

ZA13k A3}, elastase A 2]& Cokl gz o] ut
AABHA FAaAIZ] W, AP B A
B¢l Cdkl @He] o] S71e A5 ¢
& & AUTKFig. 4A). AZ F2o Wl

Cdkle] A= WslE Cdkle] =4 o
cyclin Bl @ - o] WstE ko

g A3}, elastase 42 cyclin B1 @2 o] ¥ S
S oM, KPS BA AEld AETE o
Za 3 Ak B s UERIUTHFig. 4B). Al
X A AEe Bofste diEAQ] wEdd
Erkl/2 whlde] SRS ooliy] sl AB49
Al A western blot B'H .2 ZASH A3} AB49
Al3zel| elastaseE A 2]gt 23, phospho-Erk1/2 T

15

w2 o Wogh o g
lo_,érz Fo rO o mlo o

N

o

A o — —
- — - — Cdk1
“’* * “ B—actin

Elastase - + + +

MMDT - - + +

0.3 0.5

q FES 73"&7301] Hlell dAs] gk Aoz
773«1 5/‘1 Aol 2T fA

R 2

o X
fa}
32
H
Y%%
/%

5) A5/ Al E7IRI At el miAe gk
A549 A o elastases} 49 2]l o g
g4 AZA Alo|EFFAQl IL-189 TNF-ao] g
) < RT-PCR Wl o g zA}sl3it} Elastase
=1 ‘Mt‘& Aﬂ&t IL-189} TNF-a2] 23o] Z7}a}
il bis BAll Al AlZAAE IL-18
<} Fd o] S+ AAIAI A THFig. 5).

2. In vivo

1) 2% s

H 22 oA elastase Azl ofal] 2AgHHQ W
35 B7] 918 H & E 944= &3l vlwatich &
4 B zAo e dxwe] 277 FYetn 4 et
Al Hol& wHA, elastase #12]3F H A= HE
o] Bt etA = A9 AFe Fo v Fe} A
o] &S #AE 4= It Elastasest 2[4

B
Cyclin B1

———— o o

Elastase - + + +

Kl

MMDT - - + +
0.3 0.5

* - ‘ phospho—Erk1/2

A — _— O —octin

Elastase - +
MMDT - -

Fig. 4. Effects of MMDT on Cdk1 (A), cyclin B1 (B) and phospho-Erk1/2 (C)

+
+
0.5

protein level in elastase-treated A549 cells.

A549 cells were cultured and treated with elastase or elastase plus MMDT (0.3 or 0.5 mg/mé) for 24 hr. Cell lysate
was used for western blot analysis with anti-Cdk1 antibody. Western blot analysis for actin protein was performed

as an internal control.

70



F 9] 420 Elastase I/ Hx2] &3 g APne Beadt  (255)

Elastase - + + +
MMDT - - 0.3 0.5

B
TNF-a
= B et
Elastase - + + +
MMDT - - 0.3 0.5

Fig. 5. Effects of MMDT on IL-18 mRNA (A) and TNF-a mRNA (B) expression in elastase-treated A549 cells. A549 cells
were cultured and treated with elastase or elastase plus MMDT (0.3 or 0.5 mg/mf) for 24 hr. RT-PCR analysis of
IL-18 mRNA and TNF-a mRNA expression was performed with B-actin as an internal control.

Only elastase

Fig. 6. Histopathological analysis of lung tissues. Mice were inhaled with elastase (0.4 unit) once, and then treated with
MMDT (400 meg/kg, p.o) or distilled water for 7 days. Lung tissues were examined under microscope after H & E
staining (A: 200 x magnification, B: 400 x magnification) and Hoechst nuclear staining (C: 200 x magnification).

Alveolar ducts are marked by asterisks.
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Fig. 7. Immunofluorescence analysis for caspase 3 in lung tissue. Mice were inhaled with elastase (0.4 unit) once, and

then treated with MMDT (400 meg/ke, p.o) or distilled water for 7 days. The tissue was examined under microscope
after immunofluorescence staining against caspase 3. Asterisks indicate alveolar ducts, and the arrows indicate the
densely stained area of caspase 3.
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Fig. 8. Elastin and collagen protein analysis in lung tissue. Mice were inhaled with elastase (0.4 unit) once, and then
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treated with MMDT (400 mg/ke, p.o) or distilled water for 7 days. Elastin (A) and collagen (B) protein was analyzed
as comparing to actin by western blotting. The tissue was examined under microscope after immunofluorescence
staining against elastin (C) and collagen (D). Asterisks indicate alveolar ducts.
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Fig. 9. Cdc2, cyclin B1 and phospho-Erk1 protein analysis in lung tissue. Mice were inhaled with elastase (0.4 unit) once,
and then treated with MMDT (400 mg/keg, p.o) or distilled water for 7 days. Cdc2 (A), cyclin B1 (B) and phospho-Erk
(C) protein was analyzed as comparing to actin by western blotting. The tissue was examined under microscope
after immunofluorescence staining against Cdc2 (D), cyclin B1 (E) and phospho-Erk1 (F). Asterisks indicate

alveolar ducts.
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