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( Abstract )

Effects of Four Oriental Medicines on Secretion and Gene Expression
of Mucin in Airway Epithelial Cells

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

Objectives

In this study, the author intended to investigate whether Gumu-cheongperang (GCP), Gagam-jemgkitang (GJG),
Ganii-samooltang (GSM) and Gamii-ijoongtang (GlJ) significantly affect in vivo (animal model) and in vitro (cultured
cells) mucin secretion and MUCSAC gene expression in airway epithelial cells.

Methods

For in vivo experiment, the author induced hypersecretion of airway mucin in rats by introducing SO2 for 3 weeks.
Enzyme-linked immunosorbent assay (ELISA) was used to assess the effects of orally-administered GCP, GJG, GSM
and GIJ in vivo mucin secretion from tracheal goblet cells of rats after 1 week. Also, the effects of the agents on TNE-
or EGF-induced MUCSAC gene expression in human airway epithelial cells (NCI-H292) were investigated. Possible
cytotoxicities of the agents were assessed by examining the rate of survival and proliferation of NCI-H292 cells.

Results

(1) GCP and GJG significantly inhibited hypersecretion of in vivo mucin, although GSM and GIJ did not affect
hypersecretion of in vivo mucin; (2) GCP and GJG significantly increased in vitro mucin secretion from cultured
HTSE cells. However, GSM and GIJ did not affect in vitro mucin secretion from HTSE cells; (3) GCP and GJG
significantly inhibited the expression levels of EGF-induced MUCSAC gene in NCI-H292 cells. However, GSM and
GIJ increased the expression levels of EGF-induced MUC 5SAC gene in NCI-H292 cells; (4) GCP, GJG, GSM and
GIJ did not significantly inhibit the survival and proliferation of NCI-H292 cells.

Conclusions

These results suggest that GCP, GJG, GSM and GIJ can not only affect the secretion of mucin but also affect
the expression of mucin gene. The author suggests that the effects of GCP, GJG, GSM and GIJ with their
components should be further investigated by using animal experimental models that simulate the diverse
pathophysiology of pulmonary diseases.
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Gami-ijoongtang (GLJ)
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I . Introduction
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II. Materials and methods
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Table 1, The Composition and Dosage of GCP

(Gami—cheongpetang)

Herbal name Pharmaceutical name Amount (g)
&S Bupleuri Radix 6
FH () Pinelliae Rbizoma 6
B Scutellariae Radix 6
KAEz Trichosanthes Radix 6
IR Hoelen 6
™ Armeniacae Amarum Semen 6
RHEHKE Mori Cortex 6
N Cnidii Rhizoma 3
=l Platycodi Radix 3
FG% Ponciri Fructus 3
H Glycyrrhizae Radix 2
KE Jujubae Fructus 6
e Zingiberis Rhizoma Recens 8
Total amount 67
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Table 2. The Composition and Dosage of GJG 3) ABEAZ
(Gagam—jeongkitang) _ o
7 A 2 4 %%koﬂ 0 s Bl 22 ]'—%4:
ol Atractylodis Rhbi 4 _
. e e aod, A% 247 80 m 4 Gore sAsAT, 21 EM
5353 Auwurantii Nobilis Pericarpium 4 o e - -
A V5 ‘ ‘0‘1:
=% Linderae Radix 4 6% jjf[/\t? L ﬂ_ 8 = IHO]]A‘] 0.22
R Perillac Folium 4 HUm filters ]% 7}-01- O:]J+ ]-1 et %7101] XﬂX]—o]—OZ]
+H Pinelliac Rhbizoma 4 4 C JA e RAsITh
IRIRAT Hoelen 4
FE% Ponciri Fructus 4 4) AJ¢F
s Platycodi Radi 4
o alyeods Radtx Ethidium bromide, Trypsin-EDTA, Pronase (Type
N7 Cnidii Rhizoma 3 ) ) forri )
g Angelicae Dahuricac Radis 3 XIV), insulin, transferrin, Epidermal growth factor
AT Zingiberis Rbizoma Recons 12 (EGF), Tumor necrosis factor-alpha (TNF-alpha), hydro-
E T Cyperi Rbizoma 8 cortisone, sodium selenite, Tween 20, Bovine serum albu-
Total amount 58 min (BSA), testicular hyaluronidase (Type VI-S), retinoic
acid, gentamicin, sodium dodecyl sulfate, Sepharose CL-4B,
Table 3. The Composition and Dosage of GSM 3',3',5',5'- tetramethyl-benzidine (TMB), Sulforhodamine
(Gami~samooltang) B (SRB), Trizma base, Trichloroacetic acid (TCA) &<
Herbal name Pharmaceutical name Amount (g) SigmaA} (St. Louis, Mo., U.S.A.)%IA], penicillin-G, strep-
i Angelicae Gigantis Radix 4 tomycin, Joklik-modified Minimal Essential Medium
NI Cridii Rbizoma 4 (S-MEM), Dulbecco's modified eagle's medium (DME),
EESE Paconiae Radix Alb 4
; e R 204 Fetal bovine serum (FBS), Medium 199 (M199), L-gluta-
P Rehmanniae Radix Alba 4 o RPMI 16402 At
—_ Serophudariae Radi 4 mine, 1640+ GIBCO-BRLA} (Grand Island, New
My Cortex Betula Platyphyliae 4 York, U.S.A)A], [6-3H] glucosamine (39.2 Ci/mmol)
B, ledebouriellae Radix 4 2 AmershamAF (U.S.A)NA], mouse anti-MUC5AC
BHT Xanthii Fructus 4 clone 45M1 % HRP-goat anti-mouse IgG (H+L) con-
Efr=d Tribulus Terrestris 12 jugate> NeoMarkersA} (Freemont, CA, U.S.A.)°lA],
HET Arctii Fructus 16 mouse anti-human total mucin clone 17Q2+ CovanceAk
Total amount % (Berkley, CA, U.S.A.)A, type I collagen-S Regenmed
(Seoul, Korea)| A1, Easy-blue RNA extraction kite=
Table 4. ;ggm%/?ozzsgltt::gfnd Dosage of GlJ Intron biotechnologyAl (Kyung-gi, Korea) A1, Accuprep
RT premix kit2} Accuprep PCR premix kiti= BioneerAk
Herbal Pharmaceutical name Am -
0T Tame ut ount (&) (Daejeon, Korea)Oll A1, sodium acetate ‘532 7]E} YHEA|2F
3 Ginseng Radix 4 - -
—_— S EL reagent grade O3] AES FYstA ARSI S
He bt Zingiberis Rhbizoma 4 ; o ot
A el < > ==~
[+ Aconiti Tuber 4 U:L éa‘—joﬂ /\]‘%‘% = EO]L 27<}' TTI‘T(};\E]' .
HE Glycyrrhizae Cortex 2
Ak Ciniamomi Cortex 2 2. I:(I)I-Il:;-l
HR% Hoelen 6 .
1) In vivo
WEIRT Torilis Fructus 6
¥ Zang
B2 Scrophularviae Radix 8 (1) elitgos ke 7|=g o srpen] F22d
SR Lonicerae Flos 8 7]’§ 200 cm, kﬂi 60 cm, ::_1:1_:0] 30 cm-/] 215 U:]Xﬂ
Total amount 44 2S5 2 em@] ola ™ AL A5 =E sk A

A
[e]
Aatsick. 7kERe) A el FYT & YET &
o

AR
JES W, 712 W £E0R At Yt A9



4 Effects of Four Oriental Medicines on Secretion and Gene Expression of Mucin in Airway Epithelial Cells

ol FYHA YL e * o] 2= nippledt
polyethylene ductE 23t & duce o418t
o WA= 253 Zks7e 5ol AAATIAL
HHHE: ducee BEE 7555 5719 §717l <
AANA LY T8 F 2Rk oS 7IAIE ¢
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o8, Zt well & 334 washingSFATE washing % 2%
BSA in PBS-T &% 200 ulE Zt well & 71512, THA|
1A1ZF &<t incubation3FATE 1417 $, PBS-T 200 0
2 33] washingd}al, IEA T87] F4121 MUCSAC
o ™Ik monoclonal antibody?l mouse anti-MUCSAC
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31 37 C incubator YollA 2417t A= gel S 1133}k
5, insulin (5 pg/ml), transferrin (5 pg/ml), epidermal
growth factor (12.5 ng/ml), hydrocortisone (0.1 UM), so-
dium selenite (0.01 pM), fetal bovine serum (5%, V/V)
(°]3} FBS), retinoic acid (0.1 pM), penicillin G (100
U/ml), streptomycin (100 /g/ml), gentamicin (50 pg/ml)
o] 718 Dulbecco's modified eagle's medium (DME)3}



7i0IEHE, 7141, 7I0MEE, 7I0j0ISE0| 257| RAQ 2H| H RA |EKIL| &l 0jxl= FE 5

Medium 199 (M199)°] 1:1 &3t wj Y (o]3} gzl uj
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Well A 24413 &% BT Pronase #2] A2}
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2t} vkl AHEH AEE 16 mm, 24 well plate
£ 7IE0=, 1 well B 50 0¥ =EIITE S AL
5237 C, 95% 871, 5% €02, ¥=7t 23 in-
cubator UjollA] B 244171 5<F vk 5, kS o
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cubator®l A4 32 C incubator 2 7441 vl FSlar ujj oy
WA flok 22 FA o= v A F Al 1, 3,5,

70l 242}k AlsHATE
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(2) HTSE AJZo¢] oFF Fof & Euld 74l
ELISA & o|&3 3%

T} A& HTSE M=ol well B 200 02 ¥lFA-S
7¥ekal 24417 St ast & vjFd (pretrearment
sample, ©|3} PT)S A3 FATE vl A Zol| well T
0.5 ml2] PBSE 7I8lal Al &shs 228 23] wkEgto.
A oA ] A} TS AA H, 2 il FEE
10~80 E FHrdh= PBS 200 ulE wellv}th 7Fskar
32 CollA 3083t wjgstATh 3082 wieke] £
HhS-N-S- =718} treatment sample Gl sample) =
AolstAtt FAE EE sample s YA EEIS] F
FAIE 718 ZAE AlASkL, dalie]e] dEE
Centrifuge microfilter ("33 Centricon T sample)S A}
831 T sample & $F A= AAST <, mucin &
Fe AL d7hA] 70 Tl s AR Wsd
ZFPT % T sample= 3153 $ sample= PBSZE 1/10H}
3 sla, 48 ZF samples ELISA -89 96-well
plateoﬂ Z¥7E 100wl Yol o, 2417 B1F A2l
A1 incubation3tATE 241Xt ¥ PBS-Tween 20 (PBS-T,
0.05%) €A 200 pliwell & ©1&, 7+ well T 334
washingSFSTE. washing - 2% BSA in PBS-T & 200
WE ZF well B 7F3Fa1, THA] 1413 B2 incubationd}

Atk 141X ¥, PBS-T 200 (0E 33] washingdtal, S5
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7] total mucin®| t&F monoclonal antibody$! mouse an-
ti-human total mucin clone 17Q2 (Covance, Berkley, CA,
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well B 100 ¥ H7¥skar, 1A13F B2t incubationd}

Atk 1A17E & PBS-TE 33] washingshyl, 22 &A1
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sl 7] ffsl d2ellA sExt
A, microtube®l] chloroformZE 3
7]‘, 157t vortexingé'}ﬁl }6]'%01] 2~387F Ho]'f(]ﬁﬂ‘ —‘61——
4 C, 13,000 rpm (Hanil centrifuge, MICRO 17 R)°l|4]
1027 94 Eelste] d& 45 400 plE A micro-
tube®l| A TE dSHoll T3] isopropanolS F 75}
of 2 T3 A2ollA 1081t WAISkL THAl 4 T,
13,000 rpmollA] 10823 A4l E2l3t] RNA HHES
Atk o] A E diethylpyrocarbonate (DEPC)7} &
FE 75% ethanol S 7F81aL 4 C, 10,000 spmIA 108
A4 Belko s Al-sigint 719 RNA =
L 58X O] Sl A=A F 20 ule] RNase-free
water = F-FA17]3L,  spectrophotometer  (Beckman,
DU-650)8 AH&-3H 260 nm ZHEollA FFEE 574
O EM RNAS] FEE gohfjo] Aol ARgatiTth
(1.0A260=single strand RNA 40 ug/ml)*.

&
e}
1z
X
ttlo
e
)
ol
AN Az

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

PCRO AMEH primeri= ZE AZIAR] Al8] (59
o F&, FASAT NCI-H292 A|ZEoA 2] human
MUCSAC 32+ 435 18l ARE-3F sense primere]
714 8L 5-TGA TCA TCC AGC AGC AGG GCT-3/,
antisense primer®] @714 82 5-CCG AGC TCA GAG
GAC ATA TGG G-3'°|™, ©] primerell 93] FAH
PCR 4HE2] F7]= 2F 500 bp AT Bactin A} §
AL 3l ARESE sense primer®] 9714 EL 5'-TAC
AAC GAG CTG CGT GTG GCC-3'°|, antisense pri-
mers 5-CAA CGG AAC CGC CIC GIT GC-3'°]H ©]
primer7} ¥2] 08 3h= DNA Z7]& 500 bp Atk

(5) RNAS HAAL §hE 2 FFaL AHuhs
(RT-PCR)

TAE toral RNAE ©]8, AL HHE- (reverse tran-
scription; RT)O.2 (DNAE Y1, °l& 884 o
S (polymerase chain reaction; PCR)S- 2 F-Z-A|F]
. & ZZke] 2ol Al AR total RNA 1 pgS 75
ColA sEZF 719802 M denaturationAN 7], o1&
ALl D7} FUAIZ F RT premix kic2] AREAF AH
Aol wel GRAL 9H-S FPAIFTE MUC SAC 73
7ol gk FEA AN (PCR), Z17+e] AL
S0l Al A& (DNA 4HE 2 plE PCR premix kit
AREAL A Aol me} YA FHHES-S 213t

PCR (PCR thermal cycler; Takara MP-300, Japan)= 40
3] AT 2™, denaturationS 94 CollA] 30%, an-
nealing< 60 COlA 30%, extension 72 COllA] 30
3 747 Ajpeich

(6) 7195l I FdaL AHftS A= &<

RNAS AL Hkg- 3l S3Ha4 Aoz 5
Zd DNA HEES AR ZHFoEA
MUGCSAC 37 3 A=0) WEs #F8ith &,
SZ% PCR 2HE 10 105 10x gel loading buffer (0.2
5% bromphenol blue, 0.25% xylene cyanol FF, 50%
glycero)®} 2 &3 T3, Tris-acetate-EDTA buffer
(40 mM Tris-acetate, 1 mM EDTA)S 2 1 pgmle]
ethidium bromide”} Z3HE 1.096 agarose gelollA Z17]
G5 BT Gel ollA o]&F Z42+8] DNA band=
Z}2) A FEAL| (ultraviolet transilluminator) S ©]-8-5+]
sk, ARS8k

(7) NCI-H292 A|29] A& 9 F20]| nlx)= ok=9] G
24 (HFE=A] A8, Sulforhodamine B (SRB) method)
96 well plate2] Z+ welloll 104719] NCI-H292 cell &
FHrehs vl 180 wlE 78k 37 C, 5% co2 &
A SReA 24417F WRFSHATF, 244120 HjF F 2
Jifil 28-S 0.2 (U/PBS 200 0] FEER v A E
o] wellntt} 7F8haL 48413 &F F7F= wlgstaiTt.
HjeFo] &5E ¥ W¥ZE 50% trichloroacetic acid
(TCA) 50 E 2t welloll A1A13] 7FliF=3UTh 108 &
o 4 T Z7o] WA &A 1A% 3% T3] Al
IES TA (fixation)A 7], 1A gd5dH &
welld EAeh= AA] BESS AT 1l
(suction)ZF Fol| well B 250 ] FHTE ©1&, 53]
o] AlAslgh olZA FH1E M3, acetic acid®l]
£31H 0.4% SRB & 100 pl/well& 7Fakal 42
A 458 B GASEA L, A=} suction & 100 102
1% acetic acidE ©]&, 53] o] A|HT F AHEzES
AZAAS. ZF well T 150 102] 10 mM unbuffered
Tris& Y © 2 SRBE & =Wl & F3EH S48 &
= (microplate reader)= 540 nmolAl ZF welld] 4=
& SAsAH”.

ydd

]Ilo‘r [‘ﬂ
d

e

3) SAAY
BE 24 29 Mean + SEM.OZ 3hokel F oFF
Ao SR thar S4A 9] WE-e= ek



JHISHE, 7HEY 1, 7I0IMZE, Z10l0ISE0

BAIAEIE unpaired Student's t-test 2 31532, p<0.05

3] Ao EAMOE fojdo] Y= A oT FASITH

III. Results

1. In vivo
1) oljtstgo = kg
uz]= ¥

Q) MskFlGS AZ 350 g8 AHE gAtem =
0
05)

7124 Ikl el

Wt HF FEE 2 miE FAPS 1, 1 a}
2 S Yoo Gole) o fok
WA A7 (Fig, 1),

400
350 |
300 t N
250 ¢ T
200 t
150
100 | L
50 |

0

GCP +

In vivo mucin (% control)

cont SO,

Treatment

GCP+SO,

Fig. 1. Effect of GCP on secretion of in vivo mucin

Rats were exposed to sulfur dioxide and effect of orally-administered
GCP extract on quantity of secreted airway mucin from rats, as described
in Materials and methods (SO2: sulfur dioxide).

*: significantly different from control (p<0.05).

+: significantly different from SO2-only (p<0.05).

() IR A olilslako & gubel mlrhbn] Zoy
9] F& 794 (P€0.05) A HAAAHT (Fig. 2).

GJG +

200 + T

150 +

100 ¢ =

50 ¢

In vivo mucin (% control)

0

cont SO,

Treatment

GCP+80,

Ei

g. 2. Effect of GJG on secretion of in vivo mucin

Rats were exposed to sulfur dioxide and effect of orally-administered
GJG extract on quantity of secreted airway mucin from rats, as described
in Materials and methods (SO2: sulfur dioxide).

*: significantly different from control (p<0.05).

+: significantly different from SO2-only (p<0.05).

(3) kP2 350 g AF AHE Ao &
5U% FF FARE o, oAeRke

2 fad T}E}%H] A9 Foll 944 (P<0.05)
© 9F= HEA X5k (Fig. 3).

7‘:2\: E'_
TE=

%1

300
— GSM ns
2 250 ¢t
8 - * *
2 200 T T
2 150
=
= 100 |
=
£ 50t
=
0
cont SO, GCP+SO,
Treatment

Fig. 3. Effect of GSM on secretion of in vivo mucin

Rats were exposed to sulfur dioxide and effect of orally-administered
GSM extract on quantity of secreted airway mucin from rats, as described
in Materials and methods (SO2: sulfur dioxide).

*: significantly different from control (p<0.05) (ns: not significant).

(4) MkEhL 350 g AF AFE Yoz &
547t AF F2E 2 mE TS o, oiEEe

2 ouby miohEn]) Holo] kol S-olA (PC0.05)
£ Qe Uehia Eaist (Fig. 4),

300
— GlJ ns
2 250t
2200t : -
g9 150 ¢t
2
; 100 ¢ =
5 os0f
0
cont SO, GCP+SO,
Treatment

Fig. 4. Effect of GIJ on secretion of in vivo mucin

Rats were exposed to sulfur dioxide and effect of orally-administered
GIJ extract on quantity of secreted airway mucin from rats, as described
in Materials and methods (SO2: sulfur dioxide).

*: significantly different from control (p<0.05) (ns: not significant).
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2. In vitro
1) YxHHoF HTSE A2 5 7
93
1) kEmGE &2 225 10~40 nl/200 ul
PBSY] B F= HoA FA %H g 794
(P<0.05) A F7HAATE (Fig. 5).

400
= HTSE-GCP
E *
g 300 =
S
g 200 =
=
2
wm
= 100 -
5
=

0

cont 10 20 40

Concentrations (zl /200ul PBS)

Fig. 5. Effect of GCP on mucin secretion from cultured
HTSE cells (ELISA)

Confluent HTSE cells were chased for 30 min in the presence of varying
concentrations of GCP extract. The amount of mucin in the spent media
was measured by enzyme-linked immunosorbent assay (ELISA) as
described in Materials and methods. Each bar represents a Mean + SEM.
from 4 culture wells.

*: significantly different from control (p<0.05).

Q) IEIFEGE 9A 2 228 10~40 ul/200
nl PBSY| Fof Fi2 WolN FAl FHIE o4
(P€0.05) A F7HAHT (Fig. 6).

300
= HTSE-GIG *
g *
= T
=) T
2
2 200
=
S
=
2
§ 100 L -
IS
B
=
=
0
cont 10 20 40

Concentrations (g / 20041 PBS)

Fig. 6. Effect of GJG on mucin secretion from cultured
HTSE cells (ELISA)

Confluent HTSE cells were chased for 30 min in the presence of varying
concentrations of GJG extract. The amount of mucin in the spent media
was measured by enzyme-linked immunosorbent assay (ELISA) as
described in Materials and methods. Each bar represents a Mean + SEM.
from 4 culture wells.

*: significantly different from control (p<0.05).

AERE R

(3) IkrIMsS 2% &5 20~80 ul/200 ul
PBSO £ 5= HY oA FA —EHIOﬂ o4
(P€0.05) = FFE FA Eol4tt (Fig. 7).

150
= HTSE-GSM
5
= .
(]
< 100 1 T T
=
)
E=]
2
§ 50
=
B
=
=
0
cont 20 40 80

Concentrations (gl / 20041 PBS)

Fig. 7. Effect of GSM on mucin secretion from cultured
HTSE cells (ELISA)

Confluent HTSE cells were chased for 30 min in the presence of varying
concentrations of GSM extract. 'The amount of mucin in the spent media
was measured by enzyme-linked immunosorbent assay (ELISA) as
described in Materials and methods. Each bar represents a Mean + SEM.
from 4 culture wells.

(4) hnekELE 2
PBSY] £ &
(P<0.05) U= ¥

z = 20~80 ul/200 ul
EEE R —EHIOﬂ $o)4
=g

e FA LA (Fig. 8).

25
°

150
= HTSE-GIJ
=]
5 T T
(5] '|' T
= 100
=
3
=
2
§ 50
=
B
=
=
0
cont 20 40 80

Concentrations (g / 2001 PBS)

Fig. 8. Effect of GIJ on mucin secretion from cultured
HTSE cells (ELISA)

Confluent HTSE cells were chased for 30 min in the presence of varying
concentrations of GIJ extract. The amount of mucin in the spent media
was measured by enzyme-linked immunosorbent assay (ELISA) as
described in Materials and methods. Each bar represents a Mean + SEM.
from 4 culture wells.

2) NCI-H292 A4 EGFZ §E% MUC5AC
A% E Z7e] wWAE 9

(1) Dok, DR RS 24A174] B 7]7E
9t EGF2 §=% MUCSACY &+ 438 Za
AR (Fig. 9).



JHolEHE, 71418, TS, YH0j0EE0l $57] RAlS] B8] U KAl R3ixle] Wald| 0JXls ¥ 9

MUCSAC

B-actin

Control EGF GCP GJG

Fig. 9. Effects of GCP and GJG on EGF—induced MUC5AC
gene expression in NCI-H292 cells

NCI-H292 cells were incubated with the indicated concentration of each
agent for 24 hrs. Total RNA was isolated and MUCSAC mRNA levels
wete analyzed by RT-PCR. The PCR products were separated on 1.0%
agarose gel and stained with ethidium bromide, as described in Materials
and methods.

(2) Inskpubds, kiG-S 2470 Eoj7| 7t
o EGFE S %5 MUCSACY] ¥ 422 okt
o 77l ALE 2o 3 (Fig. 10),

MUCSAC

B-actin

Control EGF GSM GIJ

Fig. 10. Effects of GSM and GIJ on EGF—induced MUC5AC
gene expression in NCI-H292 cells

NCI-H292 cells were incubated with the indicated concentration of each
agent for 24 hrs. Total RNA was isolated and MUCSAC mRNA levels
were analyzed by RT-PCR. The PCR products were separated on 1.0%
agarose gel and stained with ethidium bromide, as described in Materials
and methods.

3) NCI-H292 A|=ZojjA] TNF-alpha® -3-%E% MUC5AC
FAA I Fte| uAE 7 Al G
(1) DRI, IE RS 24A17k) Boj7|7E
%29 TNF-alphaZ &= MUC5ACS] W&o

FF= A A (Fig. 11).

MUCSAC

B-actin

Control TNF GCP GJG

Fig. 11. Effects of GCP and GJG on TNF—induced MUC5AC
gene expression in NCI—H292 cells

NCI-H292 cells were incubated with the indicated concentration of each
agent for 24 hrs. Total RNA was isolated and MUCSAC mRNA levels
wete analyzed by RT-PCR. The PCR products were separated on 1.0%
agarose gel and stained with ethidium bromide, as described in Materials
and methods.

(2) InukPurS 24A17H2] & 717J ¢t TNF
alpha® & =% MUC5ACS]
AAROH, IkEEHGS TNF-alphaZ2 Eﬁ
MUC5AC?] Wde] Faks 4] Zsl5irt (Fig. 12).

B-actin

Control TNF GSM GIJ

Fig. 12, Effects of GSM and GIJ on TNF—induced MUC5AC
gene expression in NCI—H292 cells

NCI-H292 cells were incubated with the indicated concentration of each
agent for 24 hrs. Total RNA was isolated and MUCSAC mRNA levels
were analyzed by RT-PCR. The PCR products were separated on 1.0%
agarose gel and stained with ethidium bromide, as described in Materials
and methods.

4) NCI-H292 A|Z9] JZ 9 ZAlo] n|x|L o5
(1) DRI I IE & NCI-H292 A|3E9
Z+7F 0.2 1l/200 ul PBSQ o =22 48A|7F
=0 B S o, AlEZo A= U 220 24
(P{0.05) Yt FgL =z E3l4Th (Fig. 13).

150
g
=
3 100 u T
© 1
=
£ 50
5
i)
]
<

0
cont GCPO0.2 GJGO0.2

Concentrations (ul / 200u1 PBS)

Fig.13. Effects of GCP and GJG on survival and
proliferation of NCI-H292 cells

NCI-H292 cells were treated with 0.2 ul GCP extract/200 ul PBS
or 0.2 ul GJG extract/200 ul PBS for 48 hrs. The number of cells
survived was counted, as described in Materials and methods.

(2) IEPUPpinaE IR RIS NCI-H292 Ao
Z+7+ 0.2 1l/200 pl PBSQ] £o] =m& 4847
B TS o, Az AE L FAo FY4
(P€0.05) Sl+= 9¥F= FA Zottt (Fig. 14),
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150

100 I

Lh
o

Absorbance (% control)

cont GSM 02 GIJo.2
Concentrations (pl / 200ul PBS)

Fig. 14. Effects of GSM and GIJ on survival and
proliferation of NCI-H292 cells

NCI-H292 cells were treated with 0.2 ul GSM extract/200 ul PBS
or 0.2 ul GIJ extract/200 ul PBS for 48 hrs. The number of cells
survived was counted, as described in Materials and methods.

IV. Discussion

PG A RS HERS] RE SR <M
R - RECO0N <AETRING, 5 I, 78 ORI,
SRR, EA5 I, ERIRIE, e RIRE, 72 RIS,
FERS K HIHE, fEPai A, 384 v ol 2 SHT sk
O & Wi PR, S Wk ZHIZIEHl, kol
& KIERES SO 7y Eiel ST EAY e
S e] B Peike] vl of, MEEE) S R
A3t Piilo] A whs ) ko] IHEIE 4F
o} lE FEAY wiEE o= Yt ool

Wi & TAsRE T8 TR i # A
oto] P54 A8 T, AA A ED ALY 52
frangt =29 AA oA FLo7 ATE P, 1
Wees Aol AdS B BnES 2 ik 7884
%1 Fale] A 2 vhdel 71RIsh=H], o]2]’t Al
F3t Ao| o) Gl L] o] A olet AR
BG(E ol e Fof Mg Rl Aek i #4d
< FEE 0.

HE A7 3 10-20 mle] w7t Lolut
£ Zlo] Aol ATE 100 ml o132 K sz dold
ol = gL g o] VERA ETF?. S 5, wll
%, hH %, GEIEY) Wk, 180 Rk T IR
o PeiBoll A K el szt &3] YeRA 2 9y
I} NS Bl 83 3] Fo| R &
Ho| Aol RatEH 73S oIV E 0,

ololl thall Hii Wi A1717] AR R e =

R el ik AAE Sl A, oAl Ee] Kikiiiz
S A= A, Kkl fsstd 54 WshA
A 7170l o8l Bt adH o2 AAS & s WY
o] Al ZFAI7F Lo, Kol i AAE ol W
o] 7k EFA o)L ikl de] 220 WHoletar
SERE

A AgFelstoll A ol L pusE Kol
figs 2 s 2-s] Sl ARES KLk iE s
(bromhexine, ambroxole, s-car-boxymethylcysteine &)
WA el o1&k AR Kk s sk A vt
RS Wb 2O el 4971 FYS 2Hss
B LK (ammonium chloride, amino benzoic acid
ST S AR At Kk s 7717
Lok 5 1 8% B 58 el Aldke] slo] A-g
FEARE ANFHB]7F GolahA] ot

B A ARE A A EA, ki
<WhaEEd > 70l 58 pt ) o= JUE KMF, FAVE
2, ikl ZOR7Y e S oA e E
FskaL 1A, BUge nske] PIEEHGHS, 1190 a5
AL g olTh IR RIS S < R > ol
TEY 0= EARM, KlE A, fZE S8
sk fig AL, BEMhehs Eso] o] JHEAE,
NG 2 A%k Zeilioll S-85= R IERmel #
A, KMER, JEAR, FoliS Wi, gillFe s she &1
B ela RSk AU, TR BCEsE [,
IrRsihele B, ITRERSHRE 5SS kst
HEATRSRE A58 TS mAR] ook, =3k
IkPU S <RI 1>l Z1A=e] = A
o= fifif, wif, e 280l s S SAZ
Sk pE ) OBA, Ol Hao] AskAl e K 1Y)
Poll oL skATh. Ui ol X2, %= B
gz, FIANGESH] 1R FIEAZI I FEEE, A H T
B RERE S B, e 2 BRI St RS
o ShEmAG, kel S8ttt PhAITte = k!
i LB >l 719 1S iHshs Al
Dol LI, Dbt F-ated BoEEaiietaL, IEER [,
lpREskaL, (K%, IeIK 12 R, BoEkm st
o, XHE O [EKGE, MRS, GHIER B
REAZEs ks EERE o] IS, W, kol ARS-
5= ik Jolk

B A= @A BER L WPREs BB el
AREE T A= Ik Es, IR SR, InkPais,
IekE o] iz ks el w2 E A




7I0IEHE, 7HFE71E, ZI0IA=E, 710[0IEE0l

AR e] ol ojwgl FES WA=AE AR 5
& 9 v ZE de R HAFstaar sk

zF il 7} opksld Fo= ke MRS KA
o SERANA SUERRS %k el of
tﬂ%& VIS TEAE Lokr] 9181, Pon TV B

S sERES R d3lnd 558 o] 83d, A
A W 721 (in vivo)d] kel thsl 2+ Jire] Feke
A% A3 (Fig. 1, 2), FFIE olAIE 71Aol) 3573T
EZAFE W in vivo FoEES] ko] tETRTE
o143 (P<0.05) A S7FeFR o, kil 2L
W ool AE Sl RUES] 7 ibim-& THA) I
YN OZH T SHI7F St s BN R
SERE W%y ihe 24, TRl MRS b olA] XS
28-S HEY 7S AFFoE Ry 1y
U InekPasin e kb Folste] Z9-olle o)t
slgto 2 ke FUEHK B0 SEREEAA in
vivo 419 #Hlof] 3RS FX| FSHAT (Fig. 3, 4).

Wk PR RS Aol Al 13 30 e Y
peiiLel] gk vhg-oll ofSFA IRy Dk
2 3027 oFEAE 71X B £ o|EHOE F
A BHE SR Fig. 5, 6). L2V hnkrudsis
I} kb AR FEolAe] Az} kst
Al v A A A 2] T4l Exlel tisiM = fo)4d 9

[ UERA 3kt Fig. 7, 8).

ol/Fel A}, ki = InEE K2 vl
Higie 387 duAEe teiMe dr1dez
2le] BHlE F7M7IE Aol Jout, FUERK
L BH EE (AR TEe thde® 3 A7)
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Wk e ket )JDHUFF‘EP/%Q Z5ell=
ik ﬂ%ﬁfﬂiaﬁ Lﬁ M, FOERWE W nw Y 5
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23 B AFE
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$87| RAlo] 2| % R4 QFKI| W) IRk T 11
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V. Conclusion

B ATl InkEIGYs, DnsE s, Inekrads
Vs, IIRRERY; 5] JiAi7F Wy Al 2 /Al 4
ko] W) mX = FEFe golraal, o)4kslR
Yo FuE Sk MW B, DA 3
2E 7188 AIAE, NCI292H ZE 0] &3 &
o) 9 A, 7 e MESRAA AES B3

> g Elo"

]

¢
¢

oft

kv

>

Oy
c
B

(o3

Mo

e
ot B

E

>>f::>§
o
3

1. Dk s 2 D E a2 vl
Weas LRzl A B o= Fale
71 Aol AN, FUERE -
(7§§]_U o) EE)”‘ EH)\]—i 3} 7531-7],

Al WA e WA A H T

IRVt kB o] Zd-g-olle al e
Ke] WPR LR AT, SUEKNH w o BE T
o] FAlEnlel sl FEks JERiA 3ok

oft -~
Pl s

W

%
i a)
—1rn
2
>
>

2. IR Al 2 DL S 7] (24A13E ©17dh)
ol Al Lkl A2 A= 74l (MUCSAC)
Fzke] wEs fifIge=ZA o] F JifzE Fale
A R A A B iy o2 2Eske e
2 et

3. DRI KRB S Al AR
2 AFE R A2 BEE o o AR,

4. DTS, IR s, INPUYps, ik
oAl dAg AEx=dS YehA] &tk

10.

11.

12.

13.

14.

References

. Jeon E. Soayakjeungjikgyeol. Seoul: Yeogangchulpansa.

2002:35-6.

Oh GT. Onbyeongjobyeon. Seoul: Jipmoondang. 2001:
711.

Kim KB, Kim DG, Kim YH, Kim JH, Min SY, Pack EJ,
Beak JH, Yoo SE, Lee SY, Lee JY, Lee HJ, Jang GT, Chae
JW, Han Y], Han JK. Hanbangsoeacheongsoenyeoneuihak
(sang). Seoul: Euisungdang. 2015:32.

Joe MJ. Mechanism of mucin release from primary cul-
tured hamster tracheal surface epithelial cells and charac-
terization of a novel mucin-associated protein. Graduate
school of Seoul National University. 2000.
Jeongukhanuigwadachak byeongribakgyosil. Donguipegyenaegwahak.
Seoul: Hanmunhwasa. 2002:102-14.

Culpitt SV, Rogers DF, Traves SL, Barner PJ, Donnelly
LE. Sputum matrix metalloproteases: comparison be-
tween chronic obstructive pulmonary disease and asthma.
Respir Med. 2005;99(6):703-10.

Rogers DF. Airway mucus hypersecretion in asthma:
an undervalued pathology?.
2004;4(3):241-50.

Curr Opin Pharmacol.

Korean academy of pediatric allergy & respiratory disease.
Pediatric allergic & respiratory disease. Seoul: Gunjachulpansa.
2005:3504.

Rogers DF, Barnes PJ. Treatment of airway mucus
hypersecretion. Ann Med. 2006;38(2):116-25.
Rogers DF. Mucociliary dysfunction in COPD: effect of
current pharmaco-therapeutic options. Pulm Pharmacol
Ther. 2005;18(1):1-8.

Shanghai University of Traditional Chinese Medicine.
Junguinaeguahak. Hongkong: Commer Prss. 1982:24-5.
Lee CJ. Specificity in the inhibition of mucin release
from airway goblet cells by polycationic peptides. J
Appl Pharmacol. 2001;9(3):218-23.

Ko KH, Lee CJ, Shin CY, Jo MJ, Kim KC. Inhibition
of mucin release from airway goblet cells by polycationic
peptides. Am J Physiol. 1999;(21):L811-5.

Lee CJ. Polycationic action mechanism for the inhibition
of mucin release from trachea of rodents. Graduate school

of Seoul National University. 1997.



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

7i01EHE, 741, 7I0AEE, 710I0I5E0| 257| RAQ 2H| H R4 RTKIL| el 0jxl= F2t 13

Pon DJ, Van Staden CJ, Boulet L, Rodger IW.
Hyperplastic effects of aerosolized sodium metabisulfite
on rat airway mucus-secretory epithelial cells. Can J
Physiol Pharmacol. 1994;72:1025-30.

Harkema JR, Hotchkiss JA. In vivo effects of endotoxin
on intraepithelial mucosubstances in rat pulmonary air-
ways: quantitative histochemistry. Am J Pathol. 1992;
141:307-31.

St George JA, Cranz DL, Zicker SC, Etchison JR,
Dungworth DL, Plopper CG. An immunohistochemical
characterization of rhesus monkey respiratory secretions
using monoclonal antibodies. Am Rev Respir Dis.
1985;132:556-63.

Kim KC. Possible requirement of collagen gel substratum
for production of mucin-like glycoproteins by primary
rabbit tracheal epithelial cells in culture. In Vitro Cell
Dev Biol. 1985;1:617-21.

Kim KC, Rearick JI, Nettesheim P, Jetten AM.
Biochemical characterization of mucous glycoproteins
synthesized and secreted by hamster tracheal epithelial
cells in primary culture. J Biol Chem. 1985;260:4021-7.
Kim KC, Brody JS. Gel contraction causes mucin release
in primary hamster tracheal epithelial cells growing
on a collagen gel. J Cell Biol. 1987;105:158a.

Wu R, Smith D. Continuous multiplication of rabbit
tracheal epithelial cells in a defined, hormone-supple-
mented medium. In Vitro. 1982;18:800-12.

Wu R, Nolan E, Turner C. Expression of tracheal differ-
entiated function in serum-free hormone-supplemented
medium. J Cell Physiol. 1985;125:167-81.

Karlinsey J, Stamatoyannopoulos G, Enver T. Simultaneous
purification of DNA and RNA from small numbers of
eukaryotic cells. Anal Biochem. 1989;180(2):303-6.
Kim YD, Kwon EJ, Park DW, Song SY, Yoon SK,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Back SH. Interleukin-lbeta induces MUC2 and
MUCSAC  synthesis through cyclooxygenase-2  in
NCI-H292 cells. Mol Pharmacol. 2002;62(5):1112-8.
Skehan P, Storeng R, Scudiero D, Monks A, McMahon
J, Vistica D, Warren JT, Bokesch H, Kenney S, Boyd
MR. New colorimetric cytotoxicity assay for anticancer
drug screening. J Natl Cancer Inst. 1990;82:1107-12.
Lee BG, Kim TH, Park YB. Hanbangjindanhak (II).
Seoul: Seungbosa. 2000:57.

Kim WH. Principle of Korean Medicine. Seoul:
Seungbosa. 2003:129-32, 165-8, 352-8.

Lung system-Internal medicine of the national Korean
oriental medical college. Donguipyegyenaeguahak.
Seoul: Hanmoonhwasa. 2002:52-5, 102-14, 144-99.
Kim YH, Han JG. Effects of Chwi-yeon-tang and
Chihyosan-gamibang on airway mucus secretion and
contractility of tracheal smooth muscle. J Korean Orient
Pediatr. 2005;19(1):1-26.

Hong CE. Pediatrics. Seoul: Daehangyogwaseo. 2005:
655-74.

The Korean academy of asthma, allergy and clinical
immunology. Asthma and allergy. Seoul: Gunjachulpansa.
2002:73-6.

Kim YH. Cheongganguigam. Seoul: Seungbosa. 1988:
84-5, 102.

Chae HY, Han JG, Kim YH. Effects of Gagam-jeonggi-
tang, Gami-hwajeongjeon and Gami-tonggyutang on
secretion of airway mucus in vitro and in vivo. J Korean
Orient Pediatr. 2007;21(1):117-37.

Lee JH. Doseolhanbanghaeseol. Seoul: Seungbosa. 1996:
386-7.

Shin JY. Bangyakhappyeunhaeseol. Seoul: Seungbosa.
1991:23.



