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&% in vivo BX Win vitro TRET B ZENBWEINTVB I EN S, ZDOCHF+
TSR B EICOEEL TWAZ ENE X BN B, FHETIE. Ny FU 5> T8,
M ANCa+ AIE B, BRAEENFEZAN. ZOCHF v XIIVDPGE:z 12k BEHAL
WBOLEEWS NITL. R F 05T MM B O EE ORIIES 2 L%
B EL=,

EPFET. PGE2 KL ACIF ¥ XIIVOERILICEET DAy B2 Vv —id, Carte—
BALERWNO)EY A 27U v 7 cGMP(cGMP) T 5 Z & hin o7z, T O Tid.

PGE2 IC & iflfla NCa* RE D LR ANOEE ZRM L. ThITHEE /7 Vg 75—
EREMEL T NCGMPOEE M AL, BREICCHF v XINEHLIh b DEE 2
5Nz PGEV 74— DU T 51 TIct UTEP3Y I =A K /JEP17 > ¥ T2 &L
T < ONO-NT-012i13. MilaNCa+ifE % LR ¥, CHFy RIVEEELLE, Tz,
BH%ER PTX) THIEMLEL THE< &, PGE: DR RIZFZ LI I Nz, Lz
DT IOWKITIZ, EP3VETY—2WE L THD . PIXEZMOCTPRS EHE M
EP3UtE 74 —ichy 7N LTWBbDEE X BN,

COCHTF ¥ )b & {lRaps SHHE & OBEEBIEIC DO W T BRI L. BES WMk O
I8/ =IVICL2REOREIL. FOMMBAICO— R L=¥¥E%E (BCECF) ORNhOE
ERET D LICXDERIL, BEOWMBMENOREMO= O 7Ly R
CGMPY 307D 7 F UI/cGMP TRIMEL THL &, LY ) )itk s BEREZIC
B S N7z cCGMPIZ & 2HIMB 82 BI1Z. NPPBICX D%k Uiz, BED T M5,
PGE2 12K % Bl 24 i o i fa B 812 1INO /cGMPIE B B 5 L, 2Dy —4 v b
REEMEDOCIF ¥ XNV TH2Z ENEX SNiz. PGE: OMIBBH#ED —8id, iz
SEBCHF ¥ XN LZEEMOEELZEZNALTNE DD EEDNS,
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1. fRAEN

Blid. BYZHEHALT22DIEE (AR O BBLUVABEOWERZESE Z/xo T
2. COHEOEMAIE. 2 TpHELONaCl BEZL EOBEEREHEICE S5 3N
TR ND 5T, EBEIEIERELEZW, ZHL BOMENTEWIZRATI YL ZA(E
BiE) MRBED LUHEREBEEERER TS 2D TH 2,

B B IS MR R D 2z DREIZRIZLTWSBDEEXSNTHED. &
OWBICT ORY J5 2T VB (PGE2) DMELBSE LTWBIENINETICb Mo T
W, TDAAZXLIIFHATH 5,

CNETRBRLEB. Ny Fr5o7E2AN. U9 FEERS WMBOEEMEIC 7S5 F
RCBBIUPGE:ICL > THEEILEI NBER AT > F v 3 (CFF ¥ X)) NEET S
ZEZRAELTWS (1), PGE2IE. T4/ =) X2 B WD Bl & HRERE
FZ invivo BL Winvitro TRETS ZENFEINTND T ENS (2,3), ZDOCIHF
¥ RIS RERFEBERICE S L TWnWA I ENE XN 5,

TOMIZBIDF ¥ FIVIZUATOLD afia ODRBENMEEZAEL TWS, 1) BE—F
YRIWAZEIH D AZEFEITNZI 0D (0.3p9) A% 1EO MY 7= D3 FE EIEE I
EREET DA, 4. 2) ZOCHF v XIVIIMIBRANOER (4 BEZ2FAL, BE
MERET DIERIOTNTRAF—E /BB E (EdaiEiEiee) 28H>Tn5 (5).3)
COF ¥ XINDOEHEIPTXERZHGCTPEE ERE 2N L ZMIEAA—NN—FF T kY
ZHA OHEEIEIDHMFEND 4, 6, 7).

ERRTIE. 0D TIZ— ZsMBEBHECEF v IV OPGE2IC & 2 EHE L O
ERZHS ML, BRA A NEST 2MEBFEEEOEEDMRIAICES 22 B E
L7z,

2. B\RAE
21 HE

PGEz 3R VX 2%, ONO-NT-012 1/NBE G TER RS, KT-5823 12, %
AT 9 I ZABRREHOTHFEICE DWEEWE,
22 DY XERBIROAR

LS CHBL oYY (BFEEEE. A, FE 1-3ke) KD BEMHL. BrEs
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A5 F—EUBTHIEICE - THEIERZ B/, BRI BB MAazRE S8
BRIV FF—EENEGOOTFO VEBA/ ml, BEIRTS54) 27577,
2.3 HEBMSIpHROBEE

355 F — VB TE BEE BB K E4,000F0 S VB ml OF 7 FF—FE
EE OB S, 35-37C TS0 MMNEL /=, 5 5N/ BB MEK £/ — 0— )L EiE w5
EAEBLBEIVCINVM) I—a P TERELEZ, TNS0®RIEICED. BESW
Miha Z80-90%a L Mifa B BN B o hiz.
2.4 FR—IEICIBRORE

TV EIVEEIE. U R FDEPC-7/8y F5 5 > TL AF L% ANTHE>= (1, 4, 8),
Ny FEMIT. BRPOBBERMEROEEMBRICESL., F—IEICIERZEZTHL
Joo LAETOBAERTHR—IVEIVCIERIZ. 1BEOCIF v FJL(0.3pS) L EmENTW
5 ENDMNOTNS (1), EBRII3S-37CTroiz.
2.5 H—B8S4HIROMARMERECa-RE ([Caz])DRlE

Fura-2/AMZ0—RUZZBRFD. 1EO TES WM D[Ca2t] %, SPEXSAM BHM®
W A5 L %ERWT3S-37CTHIEL 7.
2.6 BBIWVHEROMEANCGMPEROAIE

B U- RS WMRBEEIC M) 7 0OBEEEZMZ. BLBIE SN FEZETL
2o EEFODCGMPEERIZ. 7Y% AHDCGMPIZ YA LA L) TytEAFy k&2
WTEERL .
2.7 R BEO FM

I8 =)V & 2B MR OB =M. M5 08X E % (BCECE) ©
RNzRETHI LICEDEERIL LR (9). MIEBERKRICIZTD. BCECF/AME&TRHL
Th Wiz,

3. BRER (10,11)
3.1 PGEATLBCI-FrxIDEHI

CIrF v RIVOFEHLOBEIX. F— IV EICIERDOEMELZRAETEZ LICEVER
ftU7z. MERSMCPGE2 (10 u M) 21 2 3 & Fig. 1a IR 9 & S IKh— )V BEIVCIER D
ADNBEEI Nz, COMRIZBEKEFNT. 1nM, 0.1« M, 10 M PGE:2 &/ 6 2% T.
CrEfizThTha > bo—)L(100%) D134+ 9%, 159+12%, 175+16% (n=5-6)FE T
BA U7z, PGE2IZ K 2 TH AL ERIICIF ¥ IV ERDNPPBIC & > T
Nz (Fig. 1a).

3.2 Cl'FvyRIVICHTBANOBLU I ToZINBL IS —PHELEDOMER
NPPBEZ thCHEH OIEH LB IINO-7 7 ZIVEE S 7 5 —EREMNELTNDD
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MESDITDONTHRI L7z, PGEIEFEETF T, MIRAICNORAER (RIEMES 7 =)V
U I—EEEER) o= boT Iy RGO MZEMASE. PGE2DBE (Fig. 1a)&
Rk DS A L3 — XA TNPPBEZHCIERMEA L. 6 BT > bo—JL100%)D
154+13% (n=4) £TLHRLJ= (Fig. 1b). MAENOSRER D LEM EH TH BNC-T
JAFIN-L-F I F =2 (ImM) THILEL TH< &(32°CT70-1104) . PGE2 (10 £ M)
KX 2CIERBAREIEZIHAF TN (05). TNS5DEREN SPGE2IC&L 5CHF
Y RV OEHLICIINOEENKLETH S T LR SN,

MIRAMIZCGMP (50 M)A T% .PGE: (Fig. 1a) BX U=ty R (Fig. 1b)
DEELRAFEDS A L3 — X TNPPBEEZ HECHEF 2K L/z(Fig.1¢c; 154+ 9%, n=5).
=7, MRACT T VS S —VYREFDAFL > TIN—010puM) EMA 5 ECIHE
TIE AR IZTZLITHF T N2 (Fig. 1d; n=6). L7zt TPGE2IX & BCIHF v+ )L
DOFEHALITIE, NOEA ETNITHES V7 ZIVEES Y 5 —F OIEMHL(CCMPES ) AL B
TH DI ENFBR Nz,

3.3 BRI LHEROCGMPERICHTSPGE2ONR

3.2 TOFR—IEICIERREBHERDERITHIGL T, BER 72U BB HRICPGE: (10 1
MZEMASEMEDOCGMPERIZFRICEFL., EROE—JIZPGEE/AE. 1-3%
THZExIN (Fig. le).

3.4 PGEATELBCI-FrXIDERIAICEITSCaz-OPR

INETRESDOFNVE VL TI—ILBTTZIVET T 5—X OFEHEN, MialN
ERECazHREE ([Ca2t)) D LERICE CaHREFMNOELEEN L TRI DI ENHEET N
T3 (12-14), € ZTPGEAC L BCHF v RO B EBICCa BB EL TS DN
ESMIZDWTHRE Lz, PGEz (10 M)DCI- B A% Rid. Mfasiik dCat 2R\ T
BREBEZITIZN 72177 £14%, n=3). MK DCa2* % BAPTA (5mM) Ti# < F
L— b3 2 EEL <MHENZA05£6%, n=5). TNHEDERMN S5PGEATL 5CIF v %
WDFEHALITIE, [Cazt] O LERMKRETH D, CaztidilaNA h 7Y M SilEMI N5 &
MRBI NIz,

3.5 BEo#MBROD[Caz] T SPGE2 DR

3.4 TOF—IVIICIrERELHDOERICHIGEL T, MISMIPGE: (10 1 M) ZINX %
CH—FEMMIAD[Cazt] 1. Fig 2R TEIWC LR Lz, Z ORIIBEKEFN T,
10nM, 0.1 M, 10 M PGE: A #30WLINIC—i@fIc ZNEN17+£6nM, 21+£5nM,
47+12nM (n=4-7) LR L7z, PGE2 (10 M) O%h RITM kst Caz+ 1TId&kFR 37, Cazr-
free B P TH44+8nM m=9)D[Caz*] LA EE =N/ (Fig. 2a). INETCIKEESS
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W RIC B W TPGE A [Ca2t ]2 LRSIV B EVNISHER B SEVNDTTH 2.

3.6 A23187DCIBRE LUCGMPERICHTAIHE

PGE: JIEEHE T TCa2t1(F /) 74+ 7 DA23187 C uM)ZEs iz inz s &, CrEmIE
32 hO—JV(100%)D177+16% n=4)EX THEAL /z. ZDOHEIZ. HERICAFL > T
N— Q0 M) ZEEIV B EICED. ZL2IHEL = (n4).

BB W MR EKIZA23187 2o M)ZEMA TS, PGE2DH A LRIKK/ZcCGMPEE D
FEAREAMBREIN, 3 9B T1511£3605383+47 fmol/106 cells m=A)IZE ALz,
INSOEENS. [Ca*] O ELANEECIF Y XIVEREHLTHOTIIERLS., V72
B 5—EOFEMHIC Do TWD T EMRENTZ,

3.7 ClF v R NOEHABBICHBITIEPIVET S —LPTXRZEHGTPEEER
(2] k-

10 kM ONO-NT-012 (EP17 > #d=Z X b B XUVEP3Y I = A k) (15 ZH 5B
AT 3L, m—IVENCIERIZ. 3> hO—)L(100%) D183+14% (n=5)F THEAL.
[Ca*] 1352+ 2nM (n=6) EF L7z, ZDT ENSCHF v XV EH(LHEEIZIZ, EP3Y
LTI —-NEEL TWB I ENFRBEINTE,

F /-, MiE%500ng/ml PTX CAIALE S 5 &(32°CT120-160%3) . PGE2 (10 o M)IZ
EBCIrEHRBABREBL UNCat ) LAMRIIZLITHE L M=6-9), Lizht> T,
PGEU T /¥ — ICRPTXEZEDGTPEEEREN Y 7NV L TnaHDEE X 5N,

3.8 cGMP(#FHTOTA U FF—-FYHEHOHR

CGMPEAEMNSCHF v XIVOEHEILICEZBREBICTOT 1 > FF —UNESL TS
DN ZFARDHICCCMPERER O T > FF—H (I TDEEHDKT-5823 (16)%
Awiz. UL,ML. KT-5823 REFEMIZ1 u M) IICI ERBEAZI RICEBREE 2 RIT I
Mo l=(n=6)., L7zdo TR EHIT A TIDCCMPEREKTO T > FF—F IS5 L
TWREVWHDEEZSNDN. JOYA T (¥4 TIDBREELTWAREEEIET2ITED
B3, BEETIRYA TIICRE RN EERNIZR DN > Thizh,

3.9 CI-FvRIIOEHEA PP EEE S DBE

Y FEEBIWMROBEEMIT I ZTHRAREZCHT ¥ RN X o> TERINLTNS (5).
Fig. 3a IR L7z X 512, NPPB (500 u M) 1K DCEF v XINVERMN 50% B LTH.
BEAMZI > O =)L XIVZRENTWE (0=5), LAHAL. BWTWaF v RIVERH
BLARIVUTFIRAEZE, BBICHEMIZEKL 7z (Fig. 3a).

ERFED INETHERN S, PGE2 XL BCHTF v FNEHAEEDOAY >V r—& L
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TCaz*ENO ECGMPAIE A 5jz, £ I T, NOREHAIO= b T I v R ECGMPY
FTOJDYTFUIVcGMPA, BESWMIOLIY ) —IVEEIHLT. REHEEZDLD
MNESMEFHREZ (Fig. 3b) . > bO—)V ELTI0%LY /—)b THIlE 2105 08
Uiz, IH 7=V &MABENC, = b0y K (200 L MEZIEPT F 1 ILcGMP
(500 M) THEIfAZ 15 ERTE L TH < &, ARICLY /- I)IVEENRER 2hz (Fig
3b, open columns) . CtF+ XIVEEEHFDONPPB (500 « M) THifa % 1 S RATAMEL T
B & PTFUINNCGMPIZX 2 REBHEM K LIz (Fig. 3b, closed columns) .

4. ER

AR T. ZOCIHF ¥ XIVOPGE: IZ & Bi&EHE{LIZCa2t /NO/cGMPEE 21 L TRZ
52 b0l (Fig 4) « £ OWEICESET 3PGEU L T4 — 08T ¥4 7,
EP3Ut 74— T, PIXBZUGCTPREERE LAY TIVLTVEHDEEX SN
(Fig. 4)s PGE2 &L DCHF v RIMEH L EIND E WS AR, ThE TITKBEH 8B
BN 17) O WM R 18) REITBNTHREINTWVEY, TSR T7TFIVER
20 5—Y /cAMPRZE AL TERHILIND., —FH. BANFERL T8 MR DOC
F v XIVICAMPHREZHET H 3 (5).

UYFBIWEEPI) /Y —NEBICEET 5 EMNBEINT S (19). PGE213.
BEMRIER LT ToNVBE Y Y 5—¥ /cAMPRZE N L BB W WH T Z
ERE<AENTNEN, INBEPIVETF—2N L TWaHDEEZILNTNS, B
B WM IC BN T, EP3U 7 -2 EEAKEOCHF v IV O EEL S ERARO
HCI M O E Vo 22 DO BER ABMEE, B2 Ayt Iv—ReN UTHE
LTWBZ LIZFEEITHEKEN,

INETI. NORBKBIIBWThFEEEMIE DI LIckD . MREEDRZERT
BT EMNRINTETNS (20-22). EBIFETREF/ZIZ. NODF —5'y MMIE B
FETHO. cGMPD L J &F 31Uk < CHF ¥ RV IEMEAL 1T & 0 4 AR BEREAY 185 &
Nz ZENbMro Tz, INIE. BESWHESHEEHON O DO®RENERTZLTNDZ
LEXRHTHHDTH S,

BB WMRE EMEOCHF v FIVIZ. N ZAF—E > JHEE (Fig. 3a) &l laBhHE B
BE (Fig. 3b) EWV O REBICEEREBEBEICESL T, £H7EDSBERIWMRD
PGE2 Ik 2B I B\ T, 22 LB T OCHF ¥ FIIVRHAE, KEMNZE R
I ONTAF—E U/ H#EZER) THIENEERRATY TTHEZEEA OGN,

5. SRORE

S, ZOMRBECIT v XV SFEWENICHAL . —KEEO Bz Mgk
W ORBICKHERTMNERAL TNEZNEEX, EREBDLLEIDBTHL. Tk,
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TOEZA A2 NEET 2 MEEEEOEEEICDO W T H SN LN,
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FIG. 1. Involvement of the NO-guanylate cyclase pathway in the PGE2-induced activation
of cytoprotective Cl” channels. a-d, Typical traces of the whole-cell Cl” current. 30 pM
nitroprusside (b), 50 pM cGMP (c) or 10 pM Methylene Blue (d) was supplemented to the
pipette solation. 10 M PGE2 and 500 pM NPPB were used. e, Effect of PGE2 on the
intracellular cGMP content in the parietal cell-rich suspension. The content was measured

before (0 min) and after (1,3 and 5 min) the application of 10 uM PGEx.
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FIG. 2. Effect of PGEz on [Ca%],; of single parietal cells in gastric glands. Representative

traces are shown. Cells were bathed in the solutions contained 0.1 mM EGTA (Ca?*-free, a)

or I mM Ca? (b). 10 uM PGE: was perfused as indicated.
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FIG. 3. Housekeeping Cl™ channel as a key target in the cy toprotective mechanism. a,
Simultaneous recording of the whole-cell Cl” current and membrane potential (Vm) of a
parietal cell. 500 pM NPPB was added as indicated. b, Ethanol-induced cytotoxicity in the
parietal cell-rich suspension. When indicated (closed columns), the cells were incubated with
500 uM NPPB for 1 min and then washed. They were incubated with or without 200 uM
nitroprusside or 500 pM DBcGMP for 15 min, and then incubated with 10% ethanol for 10

min.
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FIG. 4. Conceptual model for PGE2-induced activation of the cytoprotective CI~ channel in
arabbit parietal cell. EP3, a putative prostaglandin EP3 receptor; G, a PT X-sensitive G

protein; +and -, activation and inhibition, respectively.
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Chloride Channels and Cytoprotection in Gastrointestinal Cells

Hideki Sakai, Akira Ikari and Noriaki Takeguchi

Faculty of Pharmaceutical Sciences, Toyama Medical and Pharmaceutical University

Summary
Prostaglandin E, (PGE,) is known to have cytoprotective role on the gastric parietal
cells against ethanol, but its mechanism is unknown. We recently found that PGE,
opened a housekeeping chloride (CI') channel in the basolateral membrane of rabbit
gastric parietal cells. This channel is sensitive to NPPB, a CI" channel blocker. In the
present study, we investigated the cellular signaling mechanism of PGE,-induced
activation of the NPPB-sensitive CI' channel and cytoprotective function of the channel
by patch-clamp technique, Fura 2-fluorescence measurement and enzyme
immunoassay. Ca®*, nitric oxide (NO) and cGMP were involved as intracellular
messengers in the PGE,-induced activation of the channel. A novel bi-functional
prostaglandin EP3 agonist/EP1 antagonist, ONO-NT-012, also increased both the
[Ca™], and the channel opening. The PGE,-induced effects were blocked when parietal
cells were pre-treated with pertussis toxin (PTX). Our results indicate that PGE, elicits
the EP3 receptor-mediated increase in the [Ca®], via a PTX-sensitive GTP-binding
protein, resulting in successive production of NO and cGMP, and the opening of the
housekeeping CI' channel. On the other hand, nitroprusside, a NO donor, and dibutyryl
c¢GMP showed cytoprotective effect on the BCECF-loaded isolated parietal cell against
ethanol. The cytoprotective effect of dibutyryl cGMP was abolished when the CI
channel was inhibited by NPPB. We suggest that the PGE,-elicited cytoprotection was
mediated via mobilization of the NO/cGMP pathway and that the target was a
housekeeping CI° channel in the basolateral membrane of the parietal cell. The
cytoprotective action of PGE, is mediated, at léast, in part via stabilization of the

membrane potential
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