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Disturbance of the normal mucociliary clearance due to hyperproduction of mucus and modification of its phys-
icochemical characteristics is a common finding in airway diseases. Drugs that affect airway secretion have been devel-
oped and used to cleanse the respiratory tract for many centuries and in many countries. On the basis of the mechanism
of their actions, the mucoactive drugs are classified into several groups. Some mucoactive drugs have direct effects on the
production or composition of airway secretions, resulting in increased effectiveness of mucociliary clearance. Other
mucoactive drugs do not have a specific action on mucus, but have beneficial effects on airway structure and function,
which lead to correction of the pathophysiologic mechanisms that result in abnormal secretions. However, since many
drugs have overlapping effects, it is difficult to classify these drugs into groups based on their major actions. Taken
together with previous findings on mucoactive drugs, it appears that an antioxidant effect is a common property of
mucoactive drugs and that it is a crucial action to exert their effects against airway diseases. In light of this idea, we must
use specific experimental models to simulate pharmacologic events in airway inflammation. The development of new
techniques has made it possible to identify and measure the mucus components, measure the rheologic parameters more
accurately, and evaluate mucociliary clearance precisely in animals and humans. Therefore, with modifications of
methods, we have investigated airway-cleansing drugs from various points of view to reflect actions in inflammatory
states for more than two decades. Here, I introduce the methods we have used to study many of the parameters involved
in airway clearance, including cough reflex, and describe some of the mucoactive-antitussive drugs that we have studied
recently. There is an increasing usage of traditional Chinese herbal medicines in clinics and hospitals, because they tend
to have moderate side effects and sometimes remarkable efficacy. To renormalize overall defects in airway disorders,
Chinese medicines may be adequate, because they are composed of various herbs with weak but ubiquitous pharmaco-
logic activities. We have been investigating Bakumondo-to. Bakumondo-to has been used for the treatment of bronchitis
and pharyngitis accompanying severe dry cough. We found that unlike codeine Bakumondo-to had a notable antitussive
activity against the cough associated with bronchitis and the cough increased by angiotensin-converting enzyme inhibi-
tors. Recently, we have found that, in alveolar type II cells, Bakumondo-to attenuated phosphatidylcholine secretion in-
creased by oxygen radicals from activated PMNLS. In addition, we found that Bakumondo-to itself stimulated phos-
phatidylcholine secretion and increased f-adrenoceptor gene expression in rat alveolar type II cells. We studied the
mechanism of action and clarified that Bakumondo-to increased glucocorticoid-sensitive promotor activity. The effect
may contribute to its ubiquitous effectiveness in the treatment of airway diseases. Various parameters (chemical proper-
ties, physical properties, mucus production, surfactant phospholipid production, and mucociliary clearance) are consid-
ered to be important for the dynamics and mobilization of airway secretions. Pharmacologic investigation, with ap-
propriate techniques, of the ability of an agent to modify these parameters can provide useful information about its
mechanism of action. However, since these parameters are interconnected, it is very complicated to elucidate the precise
mechanisms of action of mucoactive drugs. This means that the goal of treatment cannot always be achieved by the
modification of a single parameter, but should, more realistically, be aimed at a renormalization of several parameters.
On the basis of this idea, glucocorticoids are ideal mucoactive drugs because they exert various pharmacologic effects in
the lung. From a polypharmacologic point of view, a traditional Chinese medicine can be classified as a glucocorticoid-
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like drug because Chinese medicines consist of many types of active components that have various pharmacologic
effects. As one future course of research, we believe that efforts to seek compatible actions between glucocorticoids and
Oriental medicines may lead to new opportunities for development of ideal airway-cleansing drugs with specific actions,

i.e., suppression of gene expression.
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Fig. 1. The Effects of Codeine on the Cough Response Induced by Mechanical Stimulation to the Larynx (Open Columns) and to the
Bifurcation of the Trachea (Filled Columns) in Capsaicin-treated Guinea-pigs
Each value shows the mean+SE. **p<{0.01, ***p<{0.001, significantly different from the vehicle. ?p<{0.05, #p< 0.01, significantly different from the cor-

responding non-treated group.

HbOEHFALD. ZOHMHNED “RIEEALIKTF
P ICBId 2 AR, SEMCEDIEMFMICEL T,
MEHEOHEZHLNI L THL ZEOHERESZR
LTW%, BZOROLMEMEE L TO CHRifEDEE
WOWTIEERGRS d 20, Y 5EmH OERA T4 RN fik
VaWAN R
1-3. HAMBOERETIL  LIEOREIZD
mféb T S0, BRAGMEICERZL
— T IR FE DRI % 38 DM BE RS S 70 I 5T
Hl IRBLTHESEESZ t@f%éﬁ&%mm
T CA D 5% 1R 10 ul 2 MEEEEL K O3 g 51
%hw:Uﬂﬁfﬁﬁﬁét,Eﬁﬁwﬁﬁpm
FH T 5.120.9 [7], %55 TLEF49 8.3+£0.6 [H
ORI Uz, BIREN D &1T CS DS T
W, I ERE L ORI BN T DR RISA A S 1
7.9 TORAEE, GBI CRMED A LT
WHEWSHIRESH TS, CAKRUCSIZLD
BB, FIBERALIC B B ROREIE DE W) Tls
<, ROSAE, #lAE, RIEOKRE S CRRREIC
ETLETORMABREDNTHLNIHZ> TV
7o, Flz, CAREMAVRIIC K BT HES%E 5
1 > THMHIEINZA, CSITX D S IH SN
Mo, CSIZLBKINIE, ZFF2>2D NK2 %
BAROT Oy I —0HEMRIEEZRFDE LK, ZMAL
BOWEWRS A 7o ART =i ETHMHIS N
2.9 BRI NK2 ZRIKONEERETY T2 A o=

a—OF 2 ANITA CRFIEO%RER T
L0 EMAERA T 4 ARITZ NI TA D%
T < WRIER 0% <> ACE FHEIKIC X 2% 0 Bk
T 5~ THIREEZ V7Y S > A2 RET S
ZEREZRMBLTNS LD L ->T, [UES
I~ D CS DWEHHT K > THEL I N/- %k D Kt
AR OET I TH L EENEZ 6N5. B
PEBRIZBNWT, CA®L CSDRAICK DKL, O
FTADORERGIZXE> THREEIIIMEH =N/
W, L,L, I51 2IC NK2 4 ﬁ%@7u;ﬁ—
SR-48968 Z Pt T % LIFF R ITMEI TN 2 &
IHEHHTND. Lﬁ@%x@ﬁbw;térb
TWBHEFALD.

14, FERRORREE 79, [LEXRXT
FIVEINC B B %I3Z OZE BV R B 2 W /-
a2 WIMEERRIRIC K o & e < BT D,
Big - BHETZ0H 25T, BMEEFEED
BHSMZ U, BEHEmT 55X 5N5/TFOH
T, REMEAT 1 T—F—, NUT7—LLTORE
EE, ROZa—FIF NI EXRTFH¥—F
(NEP) JEHIZDWTHE Lz, T OREE, KIER
DR O ERIT LR OEHEDLEEMESH (tight
junction) DHEHFIZK D HDTIZ/R<, NEPEHED
BKFEESYFF 0T ITT7 1+ F 22 OEME®
WZ&BHDT (Fig.2), 7 oFAT2 3 O BHE
HFIAEFHRE (ACEHER) zHH5INEFICBT



990 Vol. 123 (2003)
Capsaicin - RS EBENRESNTNG. © 3512, &
min
pre MR EENEZEROT > T2 h o7 T2

CP-99,994 - =

post weesmaliiiiiiNSR s — -

Bradykinin

ki S b b T g ' i

Pre M e
CP-99,994 —»=
Post i “ . T TP
[——
l100 uv

10 sec

Fig. 2. Pharmacological Properties of Capsaicin- and
Bradykinin-induced Discharges of the Vagal Afferent Nerves
in Guinea Pigs

Capsaicin-induced discharges were not depressed by 3 umol/kg of

CP-99994, a NK1 blocker. Capsaicin (0.3 nmol/kg) and bradykinin (1 nmol/

kg) were administered into the closed artery of the tracheo-bronchial region.

Pre: pre-administration, Post: post-administration.

2 ¥R TERZ PR D[R] U B F I K 2 2 &g n
S, 51T, ZNHOKITH LU TIE AR MESEL SR
(EFMKE) NAT, 3571 27 E D TR
HIDLAEPEZ LT T I EE2ERMITAHL
7o W IR NEHERT D, WY DB EES D 1
DB H>TND,

BT D SUERDERIE, MU, SGESEHEA
DIUHE, KB - FRETEEYE D57, HikRE
WA RE, SUBKEIEORUNMEDR, K0E LR DA A >
%, SSOREIEEOKEEMRENEZ SN, Z
NHIDONTIIEBRT 5.

1-5. PRSI S SEREOEREE B,
R TESZ NPT I N DD H S, 319 fREMED
MRS ZEDO U Rk REDFEL A RZH
KIERARZR DI EDNMSENTND, e R
U7z, BRWEEMIEN: 2 /89 24N O B AR
DOHFFIZE D, 1019 UL, BlfERB, BKTLL
I N TS HEEEIIFRMSEZIETH D, FHK
PESE L O IR s IS IERE D% AR IZ B 2 EHEIE S
T&Ek, HTH, FREEEZEIZDONTIE, Z0OFE
FANMERE PRI LD FFE2ICMINS Z En
5, TOEARIFEAF A RZBEKRICHDEEZS
NTE-. FREMEEEOKFE LT, A4 R
ZRR py ZRRENT 2 HEIERZ, 6 2HR%E
U TR, 0, 2K Z I U TRIER R E

2 W 7o SRR ) B R L AR 2R IT R D,
REEME, JERRSEME 2 MO I S EH O B HITIE, 5
HT\ ZAERNEBELREEZH-> TH0, ST
SN DOKRFIZLD 5-HT OG22t 3T5 2 &
WX DHEEHREERITH I ENRBIN TN
% 1910 F - JERREEMESE IO T F X O A ML
77 > OMNFE S AT o- B7 MIELILTHD,
o- A bDEZERDORBITEE L TWa EHEE
INTNS, 19 DL EOA RIZSEEEWN ISR
FORHEINEZHDOTH Y, Hill £ THKOHIE R
B DEMAEFICOVWTOZ2a—a > LX)V TO
WMEISEEIGEN > . BAITEE RN, SREH
FHY, ROMRAEERTFIEE W TRE L i

D) MR OZFDORED = 2 —0 ORI
FOKERFET D, 2) XA 705471 AEK
KAME THAEBUENIHEZ D7) 2 > LNV D
ERAMBES NS, 3) HHRESI KIS O S EE
PELTT Y ERBRIGERZRT, 4 N
VFI T TRICKDMNGS, mbRNT U
BERBRIGEIEAZRTTFFZMOXA M7 7 13
TS RRIERL TWS Z E2HLNITLE
(Fig. 3). "7 EHOFWREFITT Y > G L
TWdbDEEZEND.

PIE, SO - EEIZDOWT, BOLEN - £
J& o & R RR P BB R O fE F RS 7 12 BE S % Falt O F
FOBRZBNA Uiz, ZIE -2 dDTiEhhnE
WORBIEHEETH 2. A —F —LIFOE WK
WOHIZ, TUEREDZAE DR, WEM, TR
i, PR EZ < O OUUHE & itkEs &% < DKL
SMEEN, NN, KO, E, HERE
DHERICEHMIIEHEG TS, BZT0bDERNRET S
AWM OHERIX, L DENZEEFR
D E5NDEAEERDOH T, Whbds “ERAT D
DB FICEMN T 5721 T <, EK EZ DR
ENLENRBNE, WEEZZOFHND T 5D
TN S B RRTE 3K D & 5 7 i S SR 15 38 oD B
FED=DDRIADIERLITEN D AREME DD TN S
EEALD.

2. SUEDBOFIERRE S REETRE

21 Y =779 VyRBEFES S FIE
EX0/7O0X =7 Jiit—77 2% > M3k



No. 12

991

Control DM Wash Control DM Wash
1 10

i I /» 1

] 2

£ 2

] &

Control DM Wash Control DM Wash
100 pum 100

Tl

Glycine 30 um
GABA 30 pm

20s

_I1 nA

Igiy (% of control)

0= T T T T 1
0007 0.01 0.1 1 10 100
Antagonist concentration (um)

Fig. 3. Concentration-dependent Inhibitory Effect of Dextromethorphan (DM) and Strychnine in NTS Neurons

(a) A neuron was voltage-clamped at —50 mV. DM depressed 30 um glycine-induced C1- current I, in a concentration-dependent manner, but did not change
the current induced by 30 um GABA. An apparent depression of the /gaga Was due to a run-down of the response. All responses were obtained from the same neu-
ron. (b) Concentration response curve for the inhibitory effects of DM (@) and strychnine (A) on Igy. Each point denotes mean from 4—35 experiments; vertical

lines show SE mean.
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Fig. 4. Representative Trace of the Cytoplasmic Free Ca2t Concentration ([Ca2*];) in Alveolar Type II Cells in Response to Ter-

butaline, PMA and Their Combination

Cultured alveolar type II cells were loaded with 10 um fura2/AM for 60 min. One mm ATP (A), 10 um terbutaline (B), 10 nm PMA (C) or combination of ter-

butaline and PMA (D) were applied to the cells, as indicated by the above tracings.
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Fig. 5. Influence of Extracellular Ca2* and Co?* on the Increase of [Ca2* ]; Induced by the Combination of Terbutaline with PMA in

Alveolar Type II Cells

Fura—2-loaded cells were incubated in control buffer containing 1 mm of Ca2* (A), in buffer containing 0.01 mm Ca2* (B), in Ca2*—free buffer containing 1
mm EGTA (C), or in the buffer containing 1 mm Ca2* and 1 mm Co?* (D). Ten um terbutaline and 10 nm PMA were applied to the cells, as indicated by the above
tracings. E: Mean peak [Ca2*];+SE elicited with indicated agonists. Each bar corresponds to 12 cells (3 different experiments) . Significance was determined by
ANOVA followed by Newman—Keuls test: *p<{0.05 for difference from the basal [Ca2* ];, ¥p<0.05 for difference from 1 mm Ca2* without Co2*.
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Fig. 6. Effects of Several Inhibitors on MBP—-induced PC Secretion in Type II Pneumocytes

Each inhibitor was added 10 min before addition of MBP (8 X109 M), followed by further incubation for 90 min. H-89 (6 X10-6m), HA-1004 (1 X105 ™),
H-7 (1X10-5 ™), and 1,2-bis (2-aminophenoxy) ethane-N,N,N’,N’-tetraacetic acid (BAPTA)-AM (5X10-6m) were used as inhibitors of PC secretion pathways.
In presence of MBP alone. Values are means+ SE from 6 experiments. [*H]PC secretion after 90 min was 0.88+0.06% in control cultures (n=5). *Significant

difference from MBP alone, p<<0.05.

WEKEETREL 2, SRETIIELVWEEE
HBAlkkholz. ZOREBEITHITS PC 7iEElx
SOD & catalase D HIERINIC & O ] X 172 DI K
L, @BIREIZBIT S PC pkdifl S nsn-o .
KU ERERD 5 DG 3 O R IZHK U T the-
ophylline [ZfKEEITHB N TREEL, ®MBEITBWL
THIHIS 5 —HEOIERZRLE. EOEFIZDN
THA U245 5%, theophylline O I fififig 11 % |-
Bz Al el 12 %t 9” % phosphodiesterase [ 2 /EH & 4t L
ZEHMIC PC sribh & (R 9 2 /5 &, adenosine
HEHiEH 24 U 7= adenosine 12 & D HFEEER )Y 5 DIE
PR SR A IR A O BT I K O B S sk
i AN PC b &R 2 RINSHEFD 2 DD
RIS DT IEREICBE S U THNS Z LRI N
7z (Fig. 7). 2D Z &iF, EWOEMSZ DT
AT 2DICHID, &R EBOREZE R
RICBONTHONWNCEEICHBETEL2MNEETH
HZEBRBLTNS, ZO/MITBWT, 2D
3 U 7R A B R R K 2 5l R 1T S8 S0 BRI
BB —7 7 7% > Ml BT S EE AT
i +5r b PTRETT, BRI s 7R FR TG e 38 D BH 58
DIZDODAZ == HRELTHET DD LR
s,

BRI AM IZ X D Htifid 11 & E & fifa 5 @ PC
SIUAIT KT HIEH T U 72 fE R, AM X PC 70l
EEBICMEELE. 20 AMIZX D PC /e i
i3 H-7 J2 O BAPTA-AM |2 & 0 7 ZITHIH S N,
INSHEPOHHICLDERITHH NG, 5
IZ PKC O isozyme DHEHF|Z AW =#afic kD,
AM 12 & % PC FriMEE I PKC-B 235 L T 5
ZEMRI N (Fig. 8). F7z, ffif I8 R
il 212 AM KO8 AM D52 5K O mRNA 278 L
TWizZ &ns, AM Al I & R, s o
fititr—7 v 2% > kbl 51T % autocrine
U\ paracrine & U TOFFHHEMBEKTE L THWLWTK
B A[REMEDSRIZ X 7=, 20 AM I D W TR I
Wt UAMEEZB L, TOA T XL HIEN
cAMP O EH %N Ca2t BH5ICHED < T ENEH S M
IZEINTND, 2829 L UIERERICRIT 2 420
HDENIFEEHENERICONWTIIIEEALERAS
MIZINTBST, KEENS AM MBEROW®E
ERBDERANZ AL EN USRS, R HfiklRe
WWABERZAETAHZENHLNITR ST EIEKR
BBIRR S, SRRIVE i B 2068 & U 72 ga %
BOJRRIZBIT 2 AM ORENCET 2058~ D &
HEffcnNsbDTH 5.
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Fig. 7. Possible Mechanisms of Action of Xanthine Derivatives on the PC Secretion in Type II Pneumocytes in the Presence of Acti-
vated Eosinophils

A: Activated eosinophils generate superoxide anions (O; ) to induce PC secretion in type II pneumocytes. Endogenous adenosine may be released from eo-
sinophils by itself to suppress superoxide anions generation through its own adenosine receptor (AR) in eosinophils. B: Theophylline at 10-5m and 8-
phenyltheophylline antagonize adenosine receptors on the eosinophils, which increase the release of superoxide anions, because exogenously applied adenosine sup-
pressed the superoxide anion generation from activated eosinophils. Thereby, the superoxide anions induce PC secretion in the pneumocytes. An open arrow indi-
cates the site of action of xanthine derivatives. C: Theophylline at 10~3 m and pentoxyfylline inhibit phosphodiesterases (PDE) in the eosinophils as well as the
pneumocytes. The inhibition of phosphodiesterases in eosinophils decrease the release of superoxide anions through the increase of intracellular cAMP. Thus, the
PC secretion increased by superoxide anions is suppressed by theophylline. At the same time, however, the increase of intracellular cAMP in the type II pneumocytes
induces the PC secretion. Open arrows indicate the site of action of xanthine derivatives.
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(% of control)

[ H]-phosphatidylcholine secretion

adrenomedullin

Fig. 8. Effects of Protein Kinase C Inhibitors on Adreno-
medullin-induced Phosphatidylcholine Secretion in Rat Type
II Pneumocytes
Inhibitors were added 15 min prior to the addition of adrenomedullin (1
X 1077 M), and the mixture was incubated for a further 90 min. The protein
kinase C inhibitors tested were sphingosine (5X10-6m), G66976 (1X10~7
M), G66983 (1X10-7m), Ro-31-8220 (1X10-7m) and staurosporine (1X
10-6 M) . Secretion is expressed as the amount of [3H]phosphatidylcholine
released into the medium after a 90-min incubation, as a percentage of that in
the cells plus medium. [3H]phosphatidylcholine secretion over 90 min was
0.76 £0.1% (mean=+SE, n=5) in control cultures. Data represent the means
(+SE) of five experiments. * and **: Significant at p<0.05 and 0.01 com-
pared with adrenomedullin alone using Dunnett’s test after the ANOVA,
respectively.

faicEBH Lz, ZOMEDSt - HE5E M R &
F% + o7 AT RS 2 fREH 9 5 & LI3IFRER R D#HT L
WIFFE RIS & B4h - fefit L, /2, BUEERKR CTUZ
IN TS COPD iBEE DT IC K E < Hillk
TH5HDERbN5.

ZZT, ¥9, il EEMoMEL XL TO
WMRETINEHLL LD kA, ZOME, NA
24 —%E LM (HTE cell) % collagen gel b
TH:#E T % 2 & T, MANIC Periodic acid-Schiff
Btk DRERDIR I E OFEED TR I N, MREAN KO
# F{EHIC hyaluronidase itz /R L, X7/, 59
TIVHY THREESND, 0D HICBNTRERK
ERBEDOME 24T %45 T & 2000 kDa P LD
THEAZGK - 2T SMilE~MeIE2 2 &1
R L7z, 30

DT, IEHE & OYEREREZ B 5 Ml O &aE
KR D b = AT 572012, ABEERD
EHPNFEMREERL, TOIAOZEHEITDN
TR LEZDOE, SOEICHB W THEESEN K OYERE

T EEEINRB I N TN D A R EDE
HEVIIRIEVEAT + T—% —, FRERICH T
% R IE A DIZ T2 P E 72 PMNs O REH 57 WA I

HEIIOWTHH L., 7, EHEENFHER &
U COMADIZ LI DNTHET L 5558, Fof
DRGHR 57 2 9 DNEPEY 7> R Th % nlhetk
DRI T TV D ATP A3l L N 1B H s 2 D TE
MLz U, BERERYITHEIR /b 2 TTHE L 7z, 3132 2
DI EXD, RFAMRDKERGIE ST WIS % FEB
FHIFHH IS T IR AEETH % T EAVRE N
T O G R VT B e 2 R IR SR D FE D 7290 D
2= T RELTRELHHTHBOLED
N5, F1E, REMAFEINZT RATA 213, M
el D BE B & I E P P03 6 3t 43 s 22 B 5 A i H
U, FilEEEEL THEINTNS,

—75, IEERHTBIT 2 HHINE O SUE KGR D 5 W
JFIZBE T 2 MEt DGR, B-adrenergic 72/ FITX D
KR I S Nz, 2o &L, R -
adrenergic 72X El 2 Z1T TWD Z & &2 RBT BE N
DT/ <, COPDKfDipEHE L L TIHHINTW
% B-agonist D {E FKEFF D — i 2 fH > T 5 nlgEME:
MHO, FEFITHKENALTHS., 512, #i
NIEHZER T T 2 ET, MM S ORKS
W\ D protein kinase C D PG5 7350 < ;_IB X 7=,
ZUT, WEERHT BT 2 MRl D S8 KGR D 77 i il
N 2 Et ORER, &ML PMN 2V 7 WAME
HEERA RO E N AR T S1ERZA L T
B0, TNS5OEMAMNPMN M iiEn 5
elastase IC KD HDTHH T LzH oMLk
(Fig. 9). 2D &, RIERITKEITREL 2
PMNs OIEHEAL & U7z —H OMFAS, K8 RIE
R ORGE R WD ERND 1 DTHSHI EERLT
W%, %I, COPD DiR# LibZDHEMMEMN
TR X N T W5 glucocorticoid D K iE & ik K TN43 Wb
KM IER, ROZDAHTZZLIZDNWTHRFL
2. FOEHR, dexamethasone 358 AN S
DREHR 5 W % JEEARTF N HNHIS B Z &A% & )i
sofz. £z, FOERANZALELT, mucin
gene ® mRNA B ZMHIT 2 Z LITk D, Kb
EEOFRRDIG X N R U ZRINRIERT
HDHZENRBIN (Fig. 10). 7z, RiEE®HE
OO AHMEN S EHMAENT KO AEUREREEZ X
55,3 RWFZE TH S M IZ72 5 7z glucocorticoid
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Representative Data of Sepharose CL-4B Column Chromatography of PH]HMWG Digested by FMLP-activated PMNs (A,

A, B: confluent cultures were labelled with [3H] glucosamine for 24 h and challenged for 30 min in the presence of FMLP (1 um) -activated PMNs (1X 106 cells
ml~!) (A) or HNE (10 ug ml~1) (B). C, D: samples of PHIHMWG from confluent cultures were incubated in the presence of FMLP-activated PMNs (C) or
HNE (D) in plain medium for 30 min at 37°C. At the end of incubation, the reaction mixture was applied to the column. A and C: O : no treatment, @: treatment
with activated PMNs, M treatment with activated PMNss in the presence of ONO-5046 (10 um) . B and D: O : no treatment, @: treatment with HNE, Il: treatment
with HNE in the presence of ONO-5046. These representative data were selected from four experiments. Among the four experiments, there were no significant

differences.
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v 7 ANV U =it 2558 9 2 |12 RE T
57, BRMEO —7—BETTH S lyso-
zyme BT ORBRAENICE G T 25 KT 2HRER
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Fig. 10. Effect of Dexamethasone on Steady-state mRNA Levels of MUC-2 and MUC-5AC Mucin Gene in NCI-H292 Cells

A: cultured cells were incubated with dexamethasone for 24 h. Three micrograms of poly (A) * RNA was electrophoresed on a formaldehyde-agarose gel,
transferred to a nylon membrane, and hybridized with the [o-32P]dCTP-labeled MUC—2 cDNA (SMUC41). After hybridization, the filter was washed and au-
toradiographed. The same filter was rehybridized with the MUC-5AC cDNA fragment (274 bp) made by reverse transcription-polymerase chain reaction and with a
chicken B-actin probe as internal control. B: densitometric study of mRNA transcript levels of MUC-2 (open bars) and MUC-5AC (solid bars) . mRNA levels were

o,

calculated as the ratio of MUC-2 or MUC-5AC to S-actin mRNA expression and expressed as % control expression in 3 experiments.
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Fig. 11. Transcriptional Activation of the Lys5A Promoter in A549 Cells (A), Caco-2 Cells (B), and NIH3T3 Cells (C) by the ETS

Gene Family Members

The cells were cotransfected with the indicated ETS protein expression vectors and luciferase vectors containing the lys5A promoter (lys5A-(—100/+10) or
mutated lysSA-(—100/410)) or the parental pGL2-basic vector. Luciferase activity in the lysates was determined 48 h after transfection and is expressed as -fold

activation over the pGL2-basic vector.
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TTCTGACTCAGGTCAGCCAGGGGTTCATGTTCCCTCACTTGCCCTCCCCCTGCCTGGCC
¥ -300
CATCTCTGGCCTGGCCCCTAGGAGGAATTTCCTGGGCCAGAGGGCAGCCGAAAGCACA
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Fig. 12. Effects of Pseudomonas aeruginosa on Promoter Activity of ESE—-1b in NCI-H292 Cells

A: The sequence of 5" -region of ESE-1b gene. B: The cells were transfected with the indicated luciferase vectors containing the ESE-1b promoter or the paren-
tal pGL2-basic vector. Luciferase activity in the lysate was determined 48 h after transfection. Data for each experiment is presented as fold activation over the
pGL2-basic vector and the means =SE of four experiments. The numbers under the panel show regions of ESE-1b promoter from the transcription start site.
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Fig. 13. Representative Whole-cell Current Recordings from Airway Epithelial Cells

A and B: Current recordings before and after the application of 1 mm CPT-cAMP in NCI-H292 cell. C: Corresponding current-voltage relationships of the
current records shown in A and B. D and E: Current recordings before and after the application of 1 mm CPT-cAMP in CFTE290- cell. F: Corresponding current-
voltage relationships of the current records shown in D and E. Membrane voltage was held at —70 mV.
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DNTIEE < DiFEFmMNd 57, polypharmacy & L
TOEFEDBEIFE I Z E T 5N 5 KD 7k
%, HFERAETE RaHEIUE, BEHEICHT 2
FHWIREHM & & BT, KIEARITBT 2 B m AL
EHGD) — R & L TOMBERT H REIC 7
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Fig. 14. Activation of Hsp70 Transcription by Carbenoxo-
lone

(A) HeLa cells were transiently transfected with Hsp70 promoter-
luciferase reporter construct. Twenty-four hours after transfection, cells
were treated for 24 h with carbenoxolone or control diluent. Luciferase activ-
ity in the lysates was determined 48 h after transfection. Data for each ex-
periment were normalized to that of control diluent. Values are the mean +
SD of four determinations for a representative experiment. * p<{0.05 vs.
control diluent. (B) Increase of HSF1 protein by carbenoxolone. HeLa cells
were treated with different concentrations of carbenoxolone or control dil-
uent for 1 h, heat shock for 1 h at 42°C (H.S.). Ten micrograms of whole cell
lysate were subjected to Western blotting analysis using antibodies against
HSF1. The lower band (arrowhead) of approximately 78 kDa represents
HSF1. The upper band (arrow) represents HSF1 as an activated form.

5. ZOXOBEENS, EMALOKEZ )T T
CAGEERDNRIOTEH SN TV S,

1. Y —777%> bFRCHT DEREHE
ESTFUMNZ RT3y EMALGIEEM
%, FH, HE, KE ASKUTEKO 6 HEOH
FRAEZENSRD, WERIRERD SN, #RHIC
ROUNENZICHWSNTE L, Rz —7 L
HEBREIC BT DR T IMEEER D R ENTH
0, FUWITHE ﬁ?t%i%héi\ﬁﬁf/ﬁ%%%’).
SUTTERMERIEDO GG, Wit —770% > Nk
MEFETHS. Invitro T@%%ﬁbi{%ﬁ DIEH D
—ERDAEEEET B LT BH, Mid - 5 FLX

IWVTOERMITBHEATHD, FEFEEEOBENE X
DEEAICLES EDEZASNO THEEL =My
1 B 2 W TEEL < BREF L 7=,
ZMAGEROBE LTy Mo EzInEE2 K
BERZ AR U - fifife 18 E R I ER S B2 &, ¥
JOVR RAIIVERAT7 7 F2)bay > (PC) mrikkld
HENTTUET 5. —4, ﬁ%&%bfu@mﬁ%
MO IE 2 EHA S B 5G1CbEHL PC ik
ML Z 5. IfiiE D FE %%<t®,£ﬁ%%1#x
Z B M 1T B IC/ER S 8% & 107°6g/ml D
REED S 0T L gD, 1075 g/ml T fr-
agonist TH 5TV T XY > EREEDERNED
5N5M, SHICREZHEL THERAI®RI RS
9, WHWSEITEIHS (ceiling phenomenon) %
RY. TOBRIBFATAY D AERBEORAET
LS DEZFH IS EHT 2.
Ceiling phenomenon Z ;R 9 EHIZDWTIL, #
ﬂk%@ﬁmﬁ ME (BKkZ7OX T 57 40—k
%50% 7~ EHSE s SR, YV oA
F%m&%aﬂ)ﬂPC PILTTIEIEH 257D DIk
U, BUKMEE BEESXTF RREZ250) Tid
ChHHERzZRO I &Icks. BAME S EO
i@f@%%%ﬁ@%ﬁﬁ<ﬁbﬁ,ﬁ%ﬂﬁﬁﬂ
T5EBIEM, 37205 antagonist & L TOEM
Li%ﬁbi@f%?ﬂ%?aéﬁic‘: LCOERIZIREZEL
THH| RSN, 12 Z P4 B LoD 73 WA I
%E@WWK%LT@%M%_@%,mmM
agonist (& % Wi partial antagonist) & L T D%
HZRY., ZOZEFEMEAGNMY—T 72045 >
P WATE U HNSER 2B L, EERNEEE
%E,%K%%ﬁt%ﬁ?é%?«l~&—@£t
B0 Wi EMEIT 2 2 EERBT S, 249
%%@PC PIMEENE ] 2 48 D Z A& sk M5y
EZEANWTHARTHS &, HWTTEITERETH S0
BB THHENIZHIEN cAMP EE O L& 2 kW0,
cAMP KEHERFF—€ (AF5—F) OER
A E S H-89 ORTALEIC K D E2IcHfl SN, B,
-agonist TH 2TV T 5V > EHELDOIEREE 2R~
I, BHEMEE T O TS ) O— VAL TR E %
iz, CHFF—BiEHIETDH S PMA © Ca2t
4%/717?%5Anw7@ﬁwm ERIE H-
9ICX->TEEZZF/W, LEA> TEMKE
LB Y—T 7045 2 M TlEERIIADR< ED
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— BN cAMP @O ER EZFNICHE D A FF—
YOEMILENTEHEEZLND.

X7z, MM Ca2t 1L — hF BAPTA-AM D
QPR B 405 O o WL EME A 2 il 4%, BAP-
TA-AM | PMA KU P, 7Y > Lt 7% — agonist
TH% ATP DIEHZHHIT 50, TIVTHY D
TERICIZEEAEZEZ G ATV, X 51T, Fura-
2 AM Z W BB K D Mila N Ca2t JRIE &
BIET 2 &, MfaN Ca2t JEEEOEE TN L
ANBDEND. ZOHEBHEETIEH S0 ATP
D XD ITEHBIERTIZR W,

UEO#REID, ZMAGOMY—T7 7252k
Sy UATTHEVE I MR N @ cAMP 12/l 2 Ca2t &
EOLEANEETHEEZSNDD, I HICEDE
A 2R C FF—YHEEX H-7, £/2
CF+F—t, GFr—t, AFF—YOIEEIRM
FHES HA-1004 IZ K> THMFlIND I En 5,
D EMEERED D2, I SICEANRETZ
NI 2NN, 440 Thbt, ZMAGBOD
P EHEAE RIS T B O D 2 7 F IV iR
ROMTHEUCHENLZVOAN—NEETH S
EEZOND, ZOHRIZEMEKSED, FlEHS
NTWBITFIVRNT DAY a iEEEELT
DI EMTZRH O EZREBLTNS,

3-2. Polypharmacy & L TOKEYZ ) 77> X
BEREF—f XEREELFRE D D INRIRER X
BEEREE T  EMAGEA T A RIZ2FY
TAY AP THEMELEZZEEAMKRICE 2K
B b R AR B OV AR b e R © D 43 A TTIE % 4
L, 2oL L CEERENHIEFRANEETH S
TEERWHLTWS, ZoZeinnd, EMKE
YL E MR U CEHEMRIER 2D 2 &35
MTHO, LT E—ORITHZARERE X AN D
TEHMAZ A 1 U TG TRA 7SI 2
HeLE2OND, SHRILIIRNZETZHDD
0%, ML NI BWTHEMYE (modifier)
ELTOMEZRT &, TAARY S AZEM
TROESEOKREZRML TNDEFAS.

ZMAGOLRERITHT HERISELRT L ~NILT
OHBEATH D, FAEIZEMAEH c-AMP-A
FF—YRZENL THifd 118 EEMEO -7 KL
F U 2 Z AR mRNA FB &2 @ RIS
AMERZZ NV 22N FaA RERUT A O4 REIFR

BAEFICHDSZEEZRWHL TWS. D £z,
EMAGIIT IR —CHEELF L KD ITE b
HERT I 25 —VFIC K DMK BREROEK T &K
WK D DNA &, 7I—RA8®, &2\ 80N
ZHHIT S (Fig. 15).9% I 512, EMKXGISHEEE
K;é%ﬁﬁ%%ﬁ*@ﬁ?%ﬂﬁ?éﬁﬁf@
<, EREFREICX 208 LEEFEITH L TRED
RZERT. FAENSGETI Em&bfméimﬂ
GOKERIINTHIEAEZELDS & Fig. 16 D&

DT B.

EZMAGNATOA MEMKRTIFELUDO LRI
BT I AWEERZRDZLIEHSNTH
%, 4749 IS DIERIZEMAEGICER S NSIEME
DN 1 DOWEICERT 2 LI3BZZA#<, EHRO
EHEMEICLDRAEMBIERATHh S EEZ 5N 5.
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Fig. 15. The Effect of Maimendongtang on HNE-induced
Decrease in Mucociliary Transport Velocity (MCTV) in
Anaesthetized Quails

Values are expressed as percentages of the respective preapplication
values for six animals. Each point and vertical bar represent the mean value
and SE. O: vehicle (PBS(—)), A: 300 ug/kg of HNE, [: 300 ug/kg of

HNE and saline, @: 300 ug/kg of HNE and 100 mg/kg of Maimendong-

tang, A: 300 ug/kg of HNE and 300 mg/kg of Maimendongtang, H: 300

ug/kg of HNE and 1g/kg of Maimendongtang. *p<{0.05, **p<{0.01;

statistically significant difference from the group given 300 ug/kg of HNE

(ANOVA).
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Fig. 16. Effects of Bakumondo-to (Mai-Men-Dong-Tang) on Airway Clearance
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