RFEEFS 52

M%ﬁ%L&f%J?A%i/mﬁwiﬁ% 2
) AR oD i B

BIRRERZEE - AP R (RENLERKY HFAEFE=E)
ERAEE  FREE GEHRFIERARE F4£EFHE)

BRI, FERSR EFMRICRS W T a T4 KA F U aWEfTeoTnd,
D7 aTA l\/(?l‘/ ST, FRU AL ZT b BEIL, FRE L THERNR
BENBED B, KOFFERN~DSWMBITRb T\ 5D, FEENRS M, il
FER DS B A ERIC DO BEAERH &, BBIBROSL - & - BREICZ OFERN
BEIRELFELTWD, —FH T, BBEBICRIT 20 AT REZE L TIToh,
ﬁé%ﬁu%iawa%LLth*@@zgﬁﬁétéo:@%WWW
BRI B DA =X LEH LT@%%M%ZE#%5°_®%LW&%£L&
K\%ﬁﬁxvahiD%ﬁéﬂtm¢ﬁ737\/ﬁﬁiﬁﬁ%%%ﬁt&H
# (alveolar type II: ATII) MBCTEET 57 I 054 FEEMHF b Y ¥ AL 48
¥ (ERN) ZEESE., ZORR. MEAREOER/SEFRIIREND Z LA
ST TE, 73854 REEMELEERT MY U AL A2 F v 5V (epithelial
Na' channel: ENaC) 23 F VU 7 A A FUBERIUZEFE L TWE M, ENaCli a, B, y
subunit 2BV LS TRY . HER ERICBWTIEI D o subunit DA TIERRES
A #F2F ¥ %) (nonselective cation channel : NSC channel) ZR L. 7 FU DU LA
FUBERINICEE LTWS, Z® NSCchannel TR LS T LA F L
ML S, —HCHIANZ B 54 R4 A0 X ) REBLES B 2 & bAbLM LR
o TEE, AFETIE. Ty bOKRAE2 0B BED AT Mgz AWVWTERZITR-
7ro TOFER . terbutaline FIEIZIBWT, MBEARDNL ST LA F U BREZ R MR
T3 LIFEENIET N AL A URIGARICEERREF R LTRLT,
WA 054 A FVBERDZN L THIBRAILVY D AL T M) U LA
F U REICEE & E 2 B2 LT3 LR b,
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10
BIRES 0241

iR ERZT N D U AA A iR O A BRI E 2R & HIEEAE O

BUEARRE - AP RS (RERIERART B EEFHE)
FRAMEE  FTREEX EEHNYERKYE B AEFHEE)

1. WFFEER

IR DORRIL, FEREF EEMRICEBWT I T4 R4 U QiEfTRo T, &
DI BFA FAFUHUCHN, FRY T AL AL bBB L, FRE L THIENE
FENRED LI, KOFERA~DZWBRITROITWD, FBEPHRDWITHE,
e 2> DAMEBIC W BBE S EEAL H S v, BRIRFT D4 - 384 - BRI Z DO ffERN
BITRESFETLTNWD, —FH T, BEMIZET 6 T AZHIIRELZ 8 L TiTh
N, FAERYILEIIE b ONE 8 UV A HBOMEMMNE LD, = OFRERREIL,
SUREFITAT B 23D A 1 =X A %ﬁ LTRESNDUERD D, T OFFREPNIRERES
BIZ, DX PRI VEEINZF LT 27 I RE EF R RMRE -
I A (alveolar type II: ATI) HIBIZFFTET D7 ImT7A FEZEMHT N DAL T
it (BRI ZEEst, ZoFR. MENRITOLEMN~ LTRSS Z &M
BAOMNCRoTEe, ZDTInTA FEEWHET M) U AL T UERIE, HER
B, HSh R BRI 2RI RIE Uik ED & OEEBRICH F5 LTy
DZELRALNLRYDDOHDNR, EDRAI=XLTDONTOFEMIFRATH 2,
EREEIF N ) 7 AA F 2 F % v (epithelial Na* channel: ENaC) 28, 73Imu 74 K
BEMET M) VALV ERIICEHES L TNWEZ LRGN E 2> TEY, ENaC
X, B, ¥ subunit 225D Lo TVWAB I E BEICHRE S TWD, FFE EFIZRBW
Tid, o subunit DK TIHBFWERR A F 2 F ¥ %/ (nonselective cation channel : NSC
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channel) NFRL S, FERECBIT AT I T4 REZMES N UA A F U BRIT
CHEELTWAZ L HHALMNIENTVSD, Lavh, NSC channel (AR L
AL AT X VIER LS, —FTHRNZ a T A FA 3R RAEEESh
B L BBHALMNERoTE L, AFETI, B7 I=X MIBFZ, T bHilaA
A FUBRE, BRIV YT AL 7 a T A RAF A5, NSC channel (Zxf L,
MAEIC a7 R EN % 5 TV D MITOWTHRE LT,

2. WEHE

fpassE BT CHRA20RABD T vy bR ERH L, ke ERz T2 (ATI)
Ml % BEE L. Z % permeable support T 5 NUNC filter kT BB
L7z,

Ry F 7T Leitz #HRUBISTEEMEE (£7 /v Labovert LS) ZMWV, v==
o l—&—& LTIE, Newport f£D 4 0 0 ) —X &z, S,
Axon Instruments £ Axopatch 1D Z VN, fEHFIZIX. %D P Clamp 8 %
B,

KRR NS T DA A R - T a T A RA A VRERIE : DY T AREZEE
% (fura 2) BELOZ uT4 P4 AV RERSEEER (SPQ AV, MR
AA=DUTIEICED, MIENIVY DAL T VRE - 70T A FAFY
BEZEIE LT,

3. MIEARBLIUBE

Z v hORRA 2 0 B B O 11 BN E R RN X, 2RO T I
4 REEEOT R U Y ABBMET ¢ RAREETS (M1), 12pS &1 58—
FrFxRINALE T B R EFEL T N U AL F K L TRRRICEBIEZFF
SF ¥ F (F Y TLAFxF: Na'channel) B8ETN28~3 0pS &) E—
AFVFXFNAVE T Z AR ET M) TAL A BLON Y T LA FVIH
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LCRERBREDERBMEELFOF v 7/ GERIRMERS A 4 F v X/ : nonselective
cation channel (NSC channel)) ® 2FEEHENPT I v T A FEZHEF ¥ XL TH D, N—
H—7 =R h T 5 terbutaline 1%, Z D NSC channel #JE{E{L L, —7 Na' channel
Wb EERRES 2o (R1BLU2), 2D E XY, terbutaline IZUis
5 DI, NSC channel TH2Z L3 B23& 720 . NSC channel DOEME(LN BT
=2 Mk BT P T AREICEE LTINS 2 & bR S, & T NSC channel
DIEACITBIT DIV T T bA TV DRENZ DWW THRE Lz, £3. Mlasvry
LA T DEFEEDHEN cell-attached patch & ¥ 588% L7z NSC channel 7EHEIZHD
{72 2 FB% RITT 0% terbutaline FIFLEF & FEREAFIZB W TN, KISBLW
B4 2R T L5, MBSy U LEBRED NSC channel {EMVEICRITTREIL,
terbutaline FIEFIC D ABE Sz,

Mg v T ABRERRC, MIRNINT T LA AU R EOREENT D0 EH
Nz, BSITRT Lo, MBI T AL F UFFIERICIL, terbutaline 51T
XYV —BEOHIBRIN T LA F U PREER & ZNICE] &< Ffpy LA 8
SNhic, —F. MRS I NT T DA F U IEFLERFIZIX, terbutaline 512X Y —i#
PEDRBAN TN U DA T URE ER OB BBE SN, FHITE] EHE < £ L&
FEEI N2 o7z (B5), $72b5, terbutaline FIFKFFZ, MEAI LT LA
FUIRENE, MRS NS T DA T DFE (1mM) OFEIZLY, ThLh 100
oM BEN 200M L otn, WIT, FIEANZ 054 FA 4 ¥EIT, terbutaline 1=
EVEATD (K6) 23, MBS AN T AAF L E2BRETHZ EIZEY, terbutaline
R DHMNI v T4 FAFVREDBALORERNFRI b (B6), T72b
B, KBS DN T BA A RED 1 mM OFFIZIE, terbutaline (2 & 0 MENZ &
A RAFVBEEH 20 mM AT S (M6), —F., M ALY AL
VEBRE LS EICIE, terbutaline FIEHFFCI T 2N 1 J A FA U RER
40 mM & MRS IV Y AL FUEE (1 mM) BEED . F2/FICRo T
B
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FEOFEREBE 2. inside-out patch DEBTIZRBWT, MIANZ aF A FA 4
BEEA 20 mM LT 40 mM OFSIC. NSC channel FEHE(L ORBIAB A Y
AAFUVBEEREEZAN, MR 2T A N4 RED 40 mM O NSC
channel JEHEAbIE, HIBANZ 054 FA ZVRBEN 20 mM OFRIHESR, BRED
MBIV T AA A EBLBEE T ERHBALE (B7),

SR L OEEND. MM T Y A AV BEELRVEBNTY (Fb
BLHAAI NS T AA A VEREL LT 20 M 720722 LTH), MlaRIe T4
KA A ER 20 mM  (ThebbMast o T A F U RED 1 oM FET
BEEDOHBAN Y 15 A FA A RE) & 724uiE, NSC channel DEMEIT terbutaline )
BWCRMMRH N T A FVRECKRTOEEIZ TRV L (B7) B3HL
Dk Ipolz,

Dzl X, ANy b4, terbutaline FRKIZISVT, #AAT VY
U AA T VEERERT S I LIZESEMICIET R U AL FVIRIUERICEERK
LEREELTELT, MANZ 8T FAFTVRERDENTDT I VAL FY
VR EICEERBO X 2F LTS LiFmfT b,

4. SEROBRE

HPER NS T hA F o BEOZ B 5 4 FA A28, NSC channel DOIEMEICEE
BRBOEEHELTNWAZ LIFHALNE RV ZOMEMOKE S HRICR o1,
LA LR, EOHFAI=ALCELTIE, REFARRREHY, S8DT A
A=A MZEALTHLNZT HBLEETH D,
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A. Na' channel B. NSC channel

a. Base a. Base
m“mm -C et ‘T[ ey =il —C

b. Terbutaline b. Terbutaline

K1 Zvbo4E20BBOM 1T BER EEMBRAMENRRICEEST S 2BEOT IS

A4 FEZMDOF Y U ABBMETF ¥ RV D cell-attached patch & VR LIBE— 1 A F v %
IVEFE

1.0 p < 0.0001
p <0.0001
0.8 |-
=
%
3 0.6 |-
o
Q.
GCJ 0.4 |- N.S.
o,
o p < 0.0001 I
0.2 |-
, I
Base Terbutaline

X 2 Terbutaline @ 2EEHDOT I v F A FESZHET MY VAT RET ¥
FTHRT BEE. Open column, Na* channel : Closed column, NSC charmel
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A. Base
Ca?* (+) Ca?* (-)
-C -C
B. Terbutaline
Ca* (+) Ca?* (-)

HJW W ” K

| 0.5 pA
1s

3 Cell-attached patch X Y 528k L7z NSC channel DB —A 2 F ¥ R/ Eif, Base,
terbutaline FE#50F : Terbutaline, terbutaline (10 pM) & 5FF, Ca (+), MESN IV T LD
FFTERF (1 mM) : Ca (-), ffastA VL U b DFEFFERE
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1.0 B Ca?* (+)
B ca ()
> 0s8f
5
8 06
o
o
- 04
(0]
o
O o2
0.0
Base Terbutaline
Ca”* # ) ORG)

4 NSC channel DB O#EE (open probability)

Terbutaline

1500

Time (min)

5 MRS T ATFEOHEEIZL D terbutaline W EBEOMBA AN D LA T B
BE DAL,
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60 - Terbutaline

50 -

Ca®* (-)
40 -

30 -

[CI7], (mM)

20

10 -

0 i I . I L] ] ]

-5 0 5 10 15 20 25 30
Time (min)

X6 MEasHNT T AEFEOHEICLD terbutaline IREFFOMIANT 7T A F
A ZREDEL

20 mM [CI-]c
0.8 40 mM [Cl-]c
N.S. 7

- F p <0001 5 <0.0001

= 0.6 -

0

S

o 04 -

B

o,

S 0.2

a

o
0.0

100 nM ) 20 nM
+
[Ca™ '],

X7 MEARNIALSTALFEIRTAL RLFUD
NSC channel B ARSI RIETHE
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Roles of Ca** and CI" in Na* transport and clearance of
lung fluid in fetal lung

Yoshinori Marunaka, Naomi Niisato
Department of Cellular and Molecular Physiology
Kyoto Prefectural University of Medicine

Summary

To clarify roles of Ca>* and CI in regulation of amiloride-sensitive Na*
transport in rat fetal distal lung epithelial (FDLE) cells, we measured single
channel currents from cell-attached and inside-out patches formed on the apical
membrane of FDLE. FDLE had two types of amiloride-sensitive Na'-
permeable cation channels: nonselelctive cation (NSC) and Na® channels.
Only the NSC channel responded to a beta adrenoceptor agonist (beta agonist),
but the Na* channel did not. Therefore, we focused our study on the NSC
channel. A beta agonist increased the cytosolic Ca®* concentration ([Ca*'],)
and decreased cytosolic Cl" concentration ([CI];). The NSC channel was
activated by cytosolic Ca®*, while the channel was inhibited by cytosolic CI.
Therefore, we studied which factor, an increase in [Ca*]. or a decrease in [C1],
caused by a beta agonist, played an essential role in stimulation of the channel
leading to an increase in the Na' transport and clearance of lung fluid. Our
study indicates that the increase in [Ca**] plays an important role in decreasing
the [CI]., however the Dbeta-agonist-caused decrease in [Cl]. essentially
activates the NSC channel. Based on these results, we conclude that that the
extracellular Ca®* plays an important role in the stimulatory action of beta
agonist on the NSC channel and Na* reabsorption leading to fetal lung fluid

clearance via reduction of [ClT]..
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