Chststdt Aofatsts| x| 278 AM15(20134 2&)
J Pediatrics of Korean Medicine, February, 2013;27(1):69-81
ISSN 1226-8038(Print), 2287-9463(0nline), http://dx.doi.org/10.7778/jpkm.2013.27.1.069

ARl 237 AYe] AA B Enlel wR= 9%
A&‘-I_yg t‘l_.Ao‘_ 7\:}7(}“_

( Abstract )

Effect of Macmundongtang on Production and Secretion of Respiratory Mucus

Sung Hyun Kyung - Min Sang Yeon - Kim Jang Hyun
Department of Pediatrics, College of Oriental Medicine, Dongguk University

Objectives

In this study, effects of Macmundongtang (MMT) on ATP or TNF-a or PMA or EGF induced MUC5AC mucin
production and gene expression from human airway epithelial cells and the increase in airway epithelial
mucosubstances of rats were investigated.

Materials and Methods

Confluent NCI-H292 cells were pretreated for 30min in the presence of MMT and treated with ATP (200 uM)
or PMA (10 ng/ml) or EGF (25 ng/ml) or TNF-a (0.2 nM) for 24hrs, to assess the effect of MMT both on ATP-
or PMA- or EGF- or TNF-a-induced MUCSAC mucin production using enzyme-linked immunosorbent assay (ELISA)
and on gene expression by the same inducers using reverse transcription-polymerase chain reaction (RT-PCR). At
the same time, hypersecretion of airway mucus was induced by exposure of rats to SO2 during 3 weeks. Effect of
orally-administered MMT during 2 weeks on increase in airway epithelial mucosubstances from tracheal goblet cells
of rats was assesed using histopathological analysis after staining the epithelial tissue with PAS-alcian blue. Possible
cytotoxicity of MMT was assessed by investigating the potential damage of kidney and liver functions by measuring
serum GOT/GPT activities and serum BUN concentration of rats and the body weight gain during experiment,
after administering MMT orally.

Results
(1) MMT did not only inhibit but also increased MUC5AC mucin productions and expression levels of MUCSAC
gene from NCI-H292 cells.
(2) MMT did not decrease the amount of intraepithelial mucosubstances of trachea of rats.
(3) MMT did not show renal and hepatic toxicities and did not affect body weight gain of rats during experiment.

Conclusions

The result from the present study suggests that MMT might normalize the production and gene expression of
airway mucin observed in various respiratory diseases accompanied by yin-deficiency, without in vivo toxicity to liver
and kidney functions after oral administration.
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I . Introduction

axob= il NiLske fifiel HlE7] 5ol B E ot
FEZE AFIske] Hiol o] 7128 oe kS 34
she 497k gom, 7155} Fot A4 4B 4
A% Qo7)T Aol tl%ale 7| EABe] 2
w4 By

NEARE dode F2 Y9 F Al A &
2 A (mucus)> FHRA, & M, (A2 F
A5l AE ) AAAE B AT o EalA SN
AARE T Hutel] TR BA (mucin)S A4 D
A (mucous glycoprotein) 2 Bl B (viscoelasticity)
& Rofste 8% T4 kM V1 WA 4
HHEZS ol 2T e ArAzote) 448 Fa) o
Al Fefet 2ago] AAd oM Fa &=
o, g Al Fale) 7= o] &
&= SRR, g3t ol o) o] A7 2] A 3
o Aol = Fol A 24z 28ste] 2
Sy ‘3@&1 —Zrﬁﬁi o] EP. @A) 7= Yo &
flf& ThFeh Alofo] 7ds o] A AL

H2p-go] glof Al ddelA 283t
71l —f—‘& Ao},

HMABE CRETENE) O A& NA8 Age
2 CREE) O, OiEam) Y= FEE ik
A figzell ARSI iR MR Ao i
B 1atgste] filie] kel Jelislol bk Lot

%% Amshe iR Il EsE, MEEske] gk

fLst= 28<= E‘hﬂr% LS R R e e
335 AF2E THE T [FN-y 9 ER|EXS B A
@%5_7‘% 10)‘14— 4/\]%33‘4 A= cytokine, SA

E 59 Bl nlAe &3 Fo] HuFA o
%/}_l"f: Jol] WA= Yl that A= Zhotry] oY
Hom, AA7MA 7= N3t AR ol vAl= 9
= A7) sl vt Aol &9_5]9131,} ?—E
SEROIE, TRIK, Wi, EEERIC] Sl i e
™ fifatgel o Rl iH}HE]—c %F‘ﬁ%‘{bﬂﬂ
ek A= obF olFHAA sttt

ojell AAh= &MAEel 715 Mol st w1 gl
ol¢} ddd 7= Al A Bl A Tl oy
g2 TEE o A Lot f8ked, in viero
o FEAA A 715 I AIEL] NCI-H292914 7]
5= FralQl MUCSAC Fralel el ek 149
S 7= FA 24 MUCSAC mRNAY| T8 &

B in vivo F=A 712 AN FohEn] 37
Reol A 3 AE Bl M Rl e %

Pel 9Ee BAL, folB A0E A2l
B vl

EI

II. Materials and methods

1. XM=

1) WA Z- NCI-H292 A3EE American  Type
Culture CollectionA} (Manassas, VA, U.S.A.)°lA]
dste] Aol AH&stAT
2) 5= 578 AF 200g W] Sprague-Dawley
(SD)A HEVE 215 (HEHko] L& = (), Kyung-gi,
Korea) & TY3H1, 3~497F AAA A A &
SAZ & Aol AREstaT
oFAl. &M% MMT) o 748 FE (REH
) Dol F3ted TSt H& g oA
Aol A Fgiol ARttt g AP 2|
&3 &3S oo 2o
of= Az K& A E
S| 2ol 22 TR
a5 el A 3413 5t % 100 ml
9] FJ—OH»Q— /‘7-]5‘].%]\@ FJ-OH»_A /é,Q_ 7(—]Ei /\]ﬂ]
g5 S99 WA FollA 022 un fileerE ©]-&-5]
74} oAt Het8r)ol AAste] 4 T 27dol
A BAsG.
5) A1k Mouse anti-MUCSAC clone 45M 1+ NeoMarkers
A} (Freemont, CA, U.S.A.)°l A1, adenosine triphod-
phate (ATP), tumor necrosis factor-alpha (INF- a),

3

=

N

4 ol 2] 10M)

7}6}51 100 C= 7}

=

epidermal growth factor (EGF), Phorbol 12-Myristate
13-Acetate (PMA),
sin-EDTA, formaldehyde, periodic
acid-schiff (PAS), Tween 20, bovine serum albumin
(BSA), HEPES, dimethyl sulfoxide (DMSO), dieth-
ylpyrocarbonate (DEPC), 3,3',5,5'- tetramethyl- ben-

ethidium bromide, tryp-

alcian  blue,

zidine peroxide solution (TMB) Trizma base,
NP-40, EDTA, EGTA &< SigmaAl (St. Louis,
Mo., U.S.A.)°I A, Easy-Blue RNA extraction kit
INTRON biotechnologyAt (Kyung-gi, Korea)ol| A1,
Accuprep RT premix kit$} Accuprep PCR premix

kit= BioneerA} (Daejeon, Korea)©l /‘1, Protease in-



hibitor cocktail- > RocheA} (Indianapolis, IN, U.S.A.)
ol A1, penicillin-G, streptomycin, fetal bovine serum
(FBS), RPMI 1640-& GIBCO-BRLA} (Grand Island,
New York, US.A)OA], 7|8} EE A&k AHFA
of 53 olael AEE U AEALH

=2 ol 27 SRTE A

2,
1) NCI-H292 A% je} ¥ MMT9] A g

24A1ZE] ok= A 713 FeY, k=] IA V=
&I A Q] NCI-H292 A2 o] EA8= MUCSAC
Fale] A4 2 FA84 (mRNA)2| 3o nA& 9
S AF37] Y95k NCI-H292 A Z2E o33 22
Ho g wettt MEe 571 T3] A
95% 871, 5% COE Fdte 37 C 21104 HEPES
(25 mM), penicillin G (100 U/ml), streptomycin (100 pg/ml),
FBS (10%, V/V)&°l H7HE RPMI 1640 Bl ¥ (o]st
wjokayol A vt 15 239 HIEZE subculcure
SAth A AR 9 O A Tl oig MMT
485 AFe] feted 7 AAF 4SS SsiAe
24 well culture plateg 7]FOE well B 2.0 x 10"
cells/well®] DERE, FAl 244 Hd =] AF5E
MM = 6 well culture plaeeE 71FL2 well & 5.0
x 10" cells/well®] DT 242t N EE T2 37 vkt

At AE7 o A pBsY BEE 0202 AN

A FstA olgA EHlE Mol = F2E 47
2,5, 10 WAE sk BEFd 200 plE well (24 well
plate 7]12)RHc}t 7Fekal 3040] At Aol ATP 200
#M, =EE TNF- ¢ 0.2 nM, = PMA 10 ng/ml, =&
EGF 25 ng/ml-& Z} wellP}oh Fogk 3 37 CollA 244

Table 1. The Contents of Macmundongtang (MMT)

2) NCI-H292 N Zo| A2 MUC5AC HAl BAH
3

24A17ke] w o] FEE Al AE 838 &5
4 (20 mM Tris, 0.5% NP-40, 250 mM NaCl, 3 mM
EDTA, 3 mM EGTA, protease inhibitor cockeail) S 7}5
of A ol 243H= MUCSAC FA41S 523 5 o
Fo] Aol ST &, FA" AE &3 =
(cell lysate)S PBSE 1/109] 8] 43t 34 H 7} sample
S ELISA -89 96-well platel] Z+Z} 100 & EEA|
71 & A3 AxE wj7A] 42 C ZANA incubation
39T 1 3 PBS-Tween 20 (0.05%, PBS-T) &4 200
uliwell S o] &3+ 72+ well B 334 AH AT AlA
% pBS-Toll 319 2% BSA &9 20005 Z wellF
¥kl Al 1A17F 9 incubationdFH T 1A &
PBS-T 200l & 33] A& 3k MUCSACS] ™3+ mono-
clonal antibody®] mouse anti-MUCSAC clone 45M1<
2% BSAY 1: 2009 BIEE 343 3ol Z} wellF 100
WA A7Fstar 1A17F 52QF incubationdFA T 1A13F &
PBS-TE 33 MA s}, 24} 3419 Horse radish perox-
idase (HRP)-Goat Anti-Mouse IgG ConjugateE 2% BSA
o 1:3,0009] HIEE 3|43 3 7} welld 100 pl¥ H
7¥skar 1413t B9t incubation8F T PBS-TE ThHA] 3
3 Ad 3 335,5- tetramethyl-benzidine peroxide
(TMB) €9 100 ulZ 7 wellell F7}ela, s& 3 IN
H,80; 50 plE H7F W& BAAZATE 450 nmoll A 2}
well®] TBEE Shao'”, Song'”e] AFoIA AHEH
ol E3AM SAHToEZN 2T okE AT 1k
MUCSAC ¥&S 374, vlasiaith

3) NCI-H292 A% o] A3} total RNAY] £
24A1ZF B9 k5 X235 M EE Y+ PBSE 23]

Herbs Scientific Name Dose (g)
B OPHIOPOGONIS RADIX 15.0
PHELE) PINELLIAE PRAEPARATUM CUM ZINGIBERIS 10.0
ik ORYZAE SEMEN 10.0
NEe GINSENG RADIX 40
H GLYCYRRHIZAE RADIX 4.0
REE ZIZYPHI INERMIS FRUCTUS 6.0

Total amount

49.0
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A AT A trypsin-EDTA |98 X235l Bl
& &7] g Ry Rysta, AZ2s9 EdEe
15 ml 87| microtubedll &7 YA EETFOEZA Al
ZET $ASA 091A, toral RNAE #E]5tAt
Easy-Blue RNA extraction kit (total RNA isolation re-
agent)E ©]83l (0.5 ml/4x10° cells) M| ZE lysisAl 7] 2L,
oA sEZE BAISAH. s $ S A, microtubel]
chloroform< A7}, 15%7F vortexingé‘]'_l_’_ Ahgof 238
ZF A3 3 4 C, 13,000 rpm (Hanil centrifuge, MICRO
17 R)elA 1027 A4 ekl 22 A5 400uE
Al microtube® AT FZ Aol FH2] isopropyl alco-
hol& F7kete] & £33 & FLolA 1083+ BA|8t
I YA 4 C, 13,000 rpmoll A 1087 94 Bt
RNA FAES Atk o] HAAE] diethylpyrocar-
bonate (DEPC)7} @8 75% ethanol-& 7}kl 4 C,
10,000 rpmollAl 1023F A4 o =M AlH kS
o A% RNA FHES sE 7] oA 1=2A
Z1 3, 20 ul®] RNase-free water2 F-fA17] 3L, UV-spec-
trophotometerS AH8-8F0] 260 nm oM FREE =
Ao =M RNAY FE5 ST F Ao A&33
T:]'m). (1.0Az50=single strand RNA 40 pg/ml)

FU[O r-\O

4) PCR (Polymerase Chain Reaction)& 3%t
primer A&

PCRO| AHE-H primere HF AZ3AR! Genotec(F)
(Daejeon, Korea)oll 5, AT NCI-H292 A3
9] human MUCSAC 22+ S-S 93l AF&3F sense
primer®] 97]AE-L 5-TGA TCA TCC AGC AGC AGG
GCT-3', antisense primer®] @7]4 &2 5-CCG AGC TCA
GAG GAC ATA TGG G-3'°|™, B-actin 87 &3<
3l AFESE sense primer®] F71AE-S 5-TAC AAC
GAG CTG CGT GTG GCC-3 ' ©| 1L, antisense primer
5-CAA CGG AAC CGC CTC GTT GC-3 ' T} RNAY
AHAL Wk F FH AL AT RT-PCRICE D2
total RNAE ©]-83}] &AL HES- (Reverse Transcription)
S 2 DNAE TSI ol THEL AR (PCR)S
2 ZZANAT F, 993 toral RNA 1pge 75 CollA
SEZF 7130 2 M denaturationA 7] L, 0] Lo &
7F F¥AIZ 3 RT premix kic2] AFHEAF A A o) w}e}
A WSS YA MUCSAC Ak oigt
PCRE, Z719] GZAL Whgoll A A& (DNA AHE 2ulE
PCR premix kit®] AH&AF A Ao we} WP AZ o
ZEZ-3-S 95k, PCRS 4038 A A (PCR thermal cy-

cler, Takara MP-300, Japan)3t3% 2™, denaturation- 94
TellA 30, annealing% 60 ColA 30%, extension
72 CollA 3023t 247 Algskyth
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1 O H
Zd DNA FEES HWIY
MUCSAC 37 23 e iE ddaint. 5, 5
ZH PCR 4HE 10 plE 10xgel loading buffer (0.25 %
bromphenol blue, 0.25 % xylene cyanol FF, 50% glycerol)
9} & &3t T}, Tris-acetate-EDTA buffer (40 mM
Tris-acetate, 1 mM EDTA)&H 3 1pg/ml 9] ethidium
bromide”} E3HE 1.0% agarose geloll A 7] 9531
Tk Gel 3lA o558 Z17k9] DNA bandi= A4 F
A7) (ultraviolet transilluminator)S ©]-&-3Fe] #&38}11,

A 2GS

6) 7= AN fopie FEEZDY FA (in vivo
SO, #& 2d)

A5AA 4AF (200 cm x 60 cm x 30 cm, °F3
)8 7tEH AdEE] 29T & UES
HET S o A2 FAR TS
glolgdal Ao # (S FHAHE &%
44818k (sulfur dioxide, SO,)°] WA H & 253}
of BETo] AAAZ L WfE #e ] A
|
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STk o]4kstg = EWH L Pon 50] B
< JMEFsted AFESFATE 15% (V/V) Sodium meta-
bisulfite (MBS) =84S 283 71570 FYsta 7}
718 AsANAT AE £ 35 ool MBSY| F717F
ST AE T8 AT AFAA WFY o|4kstg
=

130 - 150 ppmO.E FAEHJT. F=& 2T
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5 2
wog B9 wigsta, 74 1 FE e svke ol
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O 7 AgSFATH”.
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AF 70 kg Ao H&3te K& 87 71E
o8 Ik AF 350 g AF ol FoA&FQA &M
X FEE 2 mlE AT FAE FAS S o] &3t
FosAT 5, T 379 oliEg w2 VI3t F vt
Ak 237 (F10%) MY 138 E[MLALS FY39E
ol &M% Fols 4 104914 11A] Atoldl|, o]4k
31 =& 25 1AM 4AI7HA], 22 AA BT

8) MMT7} 8139 7]= wjAAZ W A FiFol

A 9F

MMT7} 859 7= s A W A el
s SAs7] st 71HWA B A E Sl
Y2287 AAE AR 3571 o4k
= 7|3t FRE 7 7ol &5H T A3
AAANZ & 78S st
% W7 10% formalin in PBS (pH 7.2)0l 4]
24A et ST 1A 24 S B oR ¥
UH(embedding)é‘]'S’iq'. Microtomes ©]43} 5 um F
AR Zet 2A-UE ALt gdd A4S
AR 2 Hematoxylin-eosin A3} Periodic Acid Schiff
(PAS) - Alcian Blue (pH 2.5) A& AAISH & 33t &
073 shell A sk 2000) vl&oll A AR EEl
o} O 27, ol4kets A el MMT X ElT-9] wldA
W A EFS HnFOEN MMTZF AAE o

A

A 4 Aol mAE IS BESFAG
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o8 MMTS AA QHAA
24 MMT 5o 71718
B A% 7 AR, & AY A A 7}
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Z7 MMT FoiF 7bol wlmgo=2m 4
7 FEe Y 5 Ak el MAE

A skt

it
[o

Mo
o
ol
ol
0
>
>
ued)
N
)

b
5

NN
offt

dno2
k3
N

o /R SL oot ofy 1o

ot §F Ko

o
i}
olN
o
&

10) MMTE A5 & A 75 nA=
F
Folg Al o 54 B RE A5t
7] 918te], MMT Fo] & XHE 313 Al @302 fF
&= 49l GOT (AST), GPT (ALY ¥4 & A&
Astsr 2AF847]91 OLYMPUS AU400 (Olympus,

Japan)& ©]-&ste] ZAsA WA, EH F9 GoT
(Glutamate Oxaloacetate Transaminase) L-Asparatates’f}
a -ketoglutarate S Oxaloacetate®} L-Glutamate = A 3HA|
7] o]w) AAJH oxaloacetate Reduced Nicotinamide
Adenine Dinucleotide (NADH)S] &A 3ol Malace
Dehydrogenase (MDH)2| 2180 2 L-Malate 2 HZ-E T}
GOT9| 432 340 nmolAl NADHY| 4 £55
2430 2H AxSIAth 84 = GPT (Glutamate
Pyruvate Transaminase)™ L-alanine¥} @ -ketoglutarate s
pyruvate®} L-glutamate = A7) W, o] A H pyr-
uvatet= NADH®| EA)| 3}l Lactate Dehydrogenase (LDH)
o] ZELE lactare® HEHT GPTE| SA G2 340
nmo|A NADHO| fadEs SHsd AL o

11) MMTY] A5 & A9 AA7|5 vA&=
¥

Fod MMt 93 A4 B ARE AF3}
7] $18te], MMT o ¥ @3 F2] BUN (Blood Urea
Nitrogen) #t-< AJ3H8} A-58-417]20 OLYMPUS AU400
(Olympus, Japan)= ©]-&3t ST 4 F9 &
A (urea)= urease®l] 93l Eo]F o2 Eafjxo] grL
ope} oliksteAE A s, AH EYokE 2-0x-
oglutarate} A ¥H-§-3131 GLDHS| &4 kol NADH
9} kS35l Glutamate$} NADE A4Sk, o] HE-S-o
A Z¥23tE NADHY A £55 SA3te ¥4 &
o] 244 BUN)Y & (&)= A5

BRIty BAA 2= unpaired Student's #-test 2 3} S
™, p<0.05%] 750l TAHSE Aol e AL
= HAsAth

II. Results

1. MMT7} NCI-H292MZ 0| ATPZ XI2E MUC5AC
A MM ojxl= g
MMT+ HE F2F 2,5, 10ul/200pl HjgH o] &
o] FEoM ATPZ AFH T2 S ZaA7IA &

AT} (Fig. 1).
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2. MMTZ} NCI-H292M|Z 0| TNF—¢ 2 X}2El MUC5AC
oMo ojxlz g
MMTE &F FZE 2, 5, 10ul200ul vjFAe] &
o LA INF- ¢ 2 A58 FA AL 94 <
A SRS (Fig. 2).

3. MMT7} NCI-H292M|Z0|Af PMAZ X=El MUC5AC
FA MM o|xl= FE

MMTE HZF FEE 2,5, 10p1200u #jFHe] &
o] EEoA PMAE A=H FAl AL F94 AA
ST A (Fig. 3).

4. MMT7} NCI-H292MZ 0| A EGFZ X3E MUC5AC
74 480 ojxls 3

MMTE HF 325

2,5, 101200l BOF o] &
of 504 EGFE A9 Fal o

A& AR &
Tk (Fig. 4).
= 500
2 ATP-induced ns
C
g 400 r ns
° ns
s °%° \ T
© *
3 200 | " L T
[
o
c 100 r ’J;
]
=}
= 0 ‘
cont ATP 2 5 10
Treatment
Fig. 1. Effect of MMT on ATP-induced MUC5AC mucin

production from NCI-H292 cells

* 5 significantly different from control (p<0.05).
ns ; not significantly different from ATP only.

3 PMA-induced +
£ 2500 [ —
8 + T
* 2000 T =
g *
2 1500 T
3
8 1000
a
£ 500
3
= 0 =
cont PMA 2 5 10
Treatment

Fig. 3. Effect of MMT on PMA-induced MUC5AC mucin
production from NCI-H292 cells

* 5 significantly different from control (p<0.05).
+ ; significantly different from PMA only (p<0.05).

5. NCI-H292 M Z0M ATPE SEE MUC5AC SXx}
2ol 0lxl= MMTS| Hg
MMTE HF FE2E AFE Fo A& 2447t
28] 717 B9 ATPE §5% MUCSAC mRNAS] ¥Hd
%?'é} HEe HYoy, w57t &
W—t— MUCSAC mRNAY] 3
&S HAFAT (Fig.s).

2 yaA

6. NCI-H292 MZOM TNF—¢ 2 S = MUC5AC &
Mxp gl olX= MMTS| H&
MMTE 24X17Fe) A&7 B¢ TNF- o 2 £ 53
MUCSAC mRNAY] W& 58 ZI/M 7= A 2
oAF oy FEOEAS YEIA = &4t (Fig. 6).

7. NCI-H292 MZO0A PMAZ SE= MUC5AC SF
A 23 OX|ls MMTO| Hat

ra

MMTE 24A7Fe] A7 &<t

o
b
it

PMAZ

)

—_
[l
[~
o

TNF-alpha +
induced

900

600
mﬂﬂ

cont TNF
Treatment

Fig. 2. Effect of MMT on TNF—a —induced MUC5AC mucin
production from NCI-H292 cells

Mucin production (% control

* 5 significantly different from control (p<0.05).
+ ; significantly different from TNF only (p<0.05).

s 700
[ EGF-induced
‘CE) 600 | ns ns
e 500 | JLT |
5 400 | T
S 300 ¢t
-8 *
5 200 r T T
§ 100 t @
=}
= 0
cont EGF 2 5 10
Treatment

Fig. 4. Effect of MMT on EGF-induced MUC5AC mucin
production from NCI-H292 cells

* ; significantly different from control (p<0.05)
ns ; not significantly different from EGF only.
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Fig. 5. Effect of MMT on ATP-induced MUC5AC gene
expression in NCI-H292 cells

Q%&“ N\ QV'
/\'\3‘ .\‘0 /\'\
<_p*’\\ Q$ NERER

wucsac I ]

Fig. 7. Effect of MMT on PMA-induced MUC5AC gene
expression in NCI-H292 cells

beta-actin

Control

Fig. 9. Effect of MMT on

MUCSAC mRNAS] & &
qdFER oy FEoEAS YEMIA = &t (Fig. 7).

8. NCI-H292 MZ0AM EGFZ SEE MUC5AC SHEX}
80| O|X|= MMTO| F&
MMTE 24A17ke] A& 717k

MUCSAC mRNAS &3 &<

9. MMT7} O|AMEtgto 2 QLRI 7| HiAM|EZ LHO| HH
g 37t oxls g
71% 743 M| EZ Hematoxylin-eosin G483} Periodic

Acid Schiff (PAS) - Alcian Blue A& A AT &

=2t =1 ]?..‘r‘v'-

Sulfur Dioxide Exposure

& & oS
& &5 LN
& & & &S

MUCSAC

beta-actin

Fig. 6. Effect of MMT on TNF—a —induced MUC5AC gene
expression in NCI-H292 cells

&
& & &
¢ & S
€ & & &N

LVTI e i s s |
petaactin - [ ]

Fig. 8. Effect of MMT on EGF-induced MUCS5AC gene
expression in NCI-H292 cells

MMT + Sulfur Dioxide Exposure

intraepithelial mucosubstances in trachea of rats exposed to sulfur dioxide

dr)7g stoll A JE A3, o4kl 3574 kg d
A7 MGAE el HE RepeR A
el ol 7o) o, o)4ksg 15
25 MMT &4 FoT oA = al Al o A
Moz AR Fal (o] Fol olakstd 35
= FUE oA Arel Ag FAR AT BT
ATE o= MMT7F dF oA o]4tstako 2 i 7]
T AN E U HA ek =271 tiE] F=E3 94

o1 oIl o ©

e YehiAl de& A (Fig. 9).

;g

10. EIFoA MMTS| HTEN £ HF H
237 e KA AR 7 3t
T AY 713 B¢ 4 AP EEY A d
At A3 27 A4 FAT Tl &
O]E Ho|A] geozn MMT/} AESE

o 2% AN,
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150 :
:E\ Body weight
€
8 T
L 100 | 5
£
©
o)}
g
2 50 |
2
>
°
]
m
0
cont MMT
Treatment

Fig. 10. Effect of MMT on body weight gain of rat after
oral administration
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