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BS54 EBRERKE EFH)

ERBEE EFE EiR(BIRERKD)
AR E—-(BRERKT)

1. 7OR&T5 I VE2(PGE,) OEEETRIE (CNT), B EERIE & (CCD)
DA F VRIS BEM %2 TR D o, P FRANE R = 2 A TEREN
BAL(VE) B & UEERINEEAL (V) 2 [E U 7=,

2. 1 mM PGE,%¥BIKIZINZ 5 & CNT Tl ED{RAL L Tz 5] & < ED{R
ML D2 DVIEALD R 5 znizxd U, CCOTIRIEDRALD 1 D281k
DAMIHL NIz, PCEYIVbE AL X B2 no7/=DT. ThbDE{LiTEL L
TEMIEEALOZEA & 5. |

3. NazEENLER< & . PCELZ LBVt bIZE L 7~, 10 mM amilori
de 2 EEIZINZ D & EIHDADRADANFEILL B2 D EDRALILTHE
JeUZz, CCDDEDVHRALS FikiZamiloride THPH = vz,

4, Ouabain 0.1 mM {7 F TIXPCE,DIEMILEEITHEEL DT, TD
VEFEBLIZ 1IN, K-ATPase WIEH AN T WD T E MNBEL EZ LN/,

5. Ba 2 mM fFZE T Tid. PGE,DIEMIFZEL LMok,

6. Chlorophenylthio-cAMP 0.1 mM (Z & V) PGE,0D & DELLRALD A D3
I hi=,

7. IEOVHRALIZHN R Calr it FIZETMB-8 50 mM 1Z X D Il hi=ddiz
U, BENLDCaREIFPCE,DIEAIC & KB E X 2N o 7k,

8. TNOLODOFRIY EIHOADRAIZT I T 54 RIEREZIED ORI
HFF VT % 255 DONafR ADBINAE 532 DIz LT, B2 T 3
054 REEEHENaT v 2 VOMHBEST 2L E2605, HHIOAD
fRALITIXCAMP %= EH T 2 BMIZERVES T2 DL EXLND,






9237  RMEIZH T HNaCl@EDRILE Y - EWIZ & S5
BB RE S E(BBERKYE EXD)

kRS EE ER(BRERXE)
AR E—(BRERKE)

1. UIEREH

TORE TS T R(PENIIIRIIE S EHAEI S5 (8, 14). PEHIEEEMESBI/EFIL T Na
BEE 2 Z L AL NI NTODH(L 24), KLV TOVETIBFIRRIATH S, —h
FTOHRET LIUSVEMEYF & LTIZ 1) Na,K-ATPasedDHIHI(13, 16). 2) ZFLMAIIEA 5 DNaFE A D
HHi(22), 3) BYERIIEONa/CasifmDIMI(18) D 3 o DMEX LIVT 3,  liebertd (10)13PGE,
12 o THIMEACaA B8 Z L1 & o TNalfiA il a v d Z & &G LT3 H%, ZOMTFD
FHITIATH 5, '

PGEp) 3HEE FRANE (ONT) B OB HER A (OD) OFIHDNiliE = 3432 e v b, Z DG ZPGE,05%
BN DD LEXLNS(18), PEIICDITIEHHU TEIANE (V) 22 Z L A%bhTu
BH38). ATZEFEDIEHERTNE D WRNATHD, I T, AL TIEEA 2RI LT
PCGE,DOCD, NTOD{ 7 AR BEFA R S AN Uiz,

2.7 &

2.1, BRI RS ,

Burg 5 DJ5E ) IZHE U T HAMERANE % #Emi L 7= (18-20), 2.0-2.SkgEfa 4%~ h/Le
A —)VTHEEL (3.5mg/kg, 1.v.). FHUDE &AL L, 1-2mDEEDAT A A %fFR Ui, AR
HIVE (ONT), B4 (OCD) % i U, VR L7z, I oE ot 5 — 1 Oml/min (2RI L=,

2.2. BREHEANSE

HREMVUIAERE Ry MEEE L2 IMKCI 2 EUIER T v V% O RA)VERI DR E, 2
F ¥ 3IVEAE (DuoT73, WP-Instrument, Newllaven, CT)IZHEEL /7=, WHNIZIER TV v, Ho
AINVERE U TS 7z, FESUBEEAIVOIE 1M KCl &= ii7= U 7= 5 TR P a7 22 LTl
EU7=,
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2.3, VBH
FAV =S OOERIIBA T O Y THhD @), 115 NaCl, 5.0 KCI, 25 Nall00z, 1.0 NagIPO,/NalL,POy,
1.8 CaCly, 1.0 MgCly, 5.0 Na acetate, 5.0 D-glucose, 5.0 L-alanine. #RI395402, SH002 %3853
LIz YR Az Iy N OV Ur, a3 methyl-D-glucaminet & W) R U7z, CaipidCaC
1% NaCUZEESR L, 2 md BGTA% IR 7=,

3. B M
3.1 HEAIRHMEQTIIN B 1EH

3.1.1. PGE,(Vt, Wiz BT

1M PCE, & VAT IR B L VURTRIN A DITEANR N TIED A EAND 2 DL tAHR B
(Fig. 1), BHIDADFAIZ.5-1. 50 TEE Y, KEN T2, DV TVUIEDTT AW
BIL. 15205 G U -, 48 X UTOVURAL DA E SIIPEDHRIMKFL TKRES
7¢o7=(Table 1),

VDZS EAVETELEA T L HEIEIBEOZ LI & BEH D TH DM EUIMNTT 272D, Hilfaz?
fil%f77e, Vi W EIRICIIE L 7= (Fig, 2, Table 2), VioD 2FFEDZALIZE 700 59, Wbl
FETHo/-Z L XY, PEITE L UTHBEDOE V% 2 L3¢5 Z &A%, PGEdNa K-
ATPase # 4 2 LIE XN TWADT, WU BouabaindDfEI & LEk L 7= (Fig. 2). Ouabaini3P
EDIEAL R >T, PILMIVEWEIII Lz, UaioT, PEICE BENZbl3Na, K-ATPase
DOINZ EZED TN LITALNTH D,

3.1.2. OuabaindDH

PCE,DVEFIEST % BALAMT AL, ousbaindFAE F CREAED & S I/FH§ o m &l L 7,
Ouabain 100 MM 12X DVHIE-20.1 £ 1.3 VA 5-0.3 + 0.2 I X /=, ZDIRRETPGE, 2 5L
TEVUIRL LU oT=, ZDZ 2id, PEDVEMTFEEUIIIYELIONa, KR 7AKH TS
ZEANHRL 2% 2 L RRLTVS,

3.1.3. BaZoD{EM

CNTHTIa 3 e R~ Ba2 S DK VAT 8 ADdp B, PEEMSZ DAV AT 5V ANi %
EZ 3N R Ur Bz Ba2 kX TEPENT & BV 2 DA bidfrfra
Ba2tSkMUB DI S L EDEN e otz UIdio T, PENZ X BVOZLIIIKI T 2 VA
s LneEZLND,

3.1.4.  AmilorideE/=|3NafRI=DRE
BN T 572 2 DTGB Y > UGS 72D, aniloride = 3NHEDALT
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PEEDVEH = BEZ U7z, Fig. 3ITR9 LI, 10 pM amiloride (2 & > TVUIZENZIMEX 745,
ZDFMFFIZPGE 2 158 B LPGEIT & BVIDURMED SIS NI X sz, BHTEE 2 MDIED
TRALI3SZ2N IS -,

% VFDEDRALIIFZ TN & A 572D T, amiloridef@aZHNaF 4 2 IVEIYDNa T > 47
78 2N T D AREE RS X, N REDFBIZ DOWTHET U7 = (Fig. 4). Aniloridef#fE FCIE
5 LHADEDFALIFRD A, Nkl & D PENI 2 KISz Uiz, Nax THUUNZ 5 &P
GBI 4 B YA 2 2K EDSUTIREHE U 7=, SIDITRTRIID & & AR -,

3.1.5. CPT-cAPOEM

PEEDVERIZAPATEE T B E 5% BB 728, PEMDVUIS BT % APDIFE L 7= T~
7=, CAWPIZEIUTVIOD 2FHEDZA LR ¥, VOVRE L7 KIS TLMDAPEAIRIZINZ 2 . Ta
ble JITFRT L 512, 2B 1HOADVYRAIIRONT, 25 2HIDEDRAIDAMR b=,

3.1.6. TB-8D/FH

PGEMIZ & > THIMIA 1~ 7 D b DClFEANLZ B, PAEMNT & B Calh NV LIz 53 B 50 Y
DMRNDTD, TOUMHEETH B MB-8DVEH % T =, Fig. 5 ITRTLSIZ. 50 pMOTB-84L
HUZ L OVED LYz, S0IMAITPGE R IR D &, 28 LHIDEDRAIZR bv=AS, 4 24HDTD
TIPS O

3. 1.7, EiACafREDIR

D DCaDTEANBIG S 20 S Tz, A bCat FrEaMEECTARINZ 5 L. Vg
BERURALU 7= ZODIRIETPEE, R INZ 5 &, IEHOD 2ABEDFEA R b= (Fig. 6). Uri-
Ao T, PEEHIC & BVIDZ LSBT L DCaDFEAIZIIE L2\ L h%ns,

3.2. BHAMESEITN T A1EM

3.2.1. VU4 21EM
Fig. TITRT L51Z (DI UTIIPENINTE 7)), VW IEIFIEEADAT, 2HDK
IREAL VLN DT,

3.2.2. amiloride?>{ET
ami lorideDEIAR ST & DVUIEDRIL & R U7= (Fig. 8). ZIF, PGE,% X THEITE>
7=<Z{bL7%znoT-,

4. ¥ %
PGE,IZODIZ/EIH U TNafifitit &4 2 L 5 S TB (11, 24). ZDFDCTIIPGESIANTIZ E BT
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T2 LR EEU JAUSHONRN b A< PEDIEHFIATCT, AT, (DTHS & Ur=iiitG
DFER L Ry 5(18).

4.1, HIREDNaT v H T 2 A

RIS IFE A ELALE D T L VEZEE D e D, NDZ{HIEL LTVaDZHA L%
B 5, NTOERIEEDA A>ay &7 82 LT @ NaF ¥ 3h @ kKF v 3k @ 3F
SEIRMEN F A LT ¥ 3D 30AILN TS (17,19,28), ‘Eildpbblak k< &, PEATHT D
V(IS LS, BatFtE R CISPEI B UL Th otz LIzt T, VidZE
(b ADZA LIz L BEDTHY), KF ¥ 3VORIEIEZ, aniloridel & D EE 2HIDLOVU
RO bS58 LARDRDFAIFMIE WehozZ L XY, 28 LRSIy 87
£ RILBSEHONFNEER, BT b JERRMEAF AV F v R E NS LEALND,

. O TIRPENT & ) VUSHS EDZH bDAE R U7z, T2 bidailoridel™ & D 5eic
TOw o ENEDT, 73051 REEZMNad Y57 4 ADMENEZ LIS,

PGEjNe, K-ATPase AT 5 2 L ASHE I NT VS (3,16,27), L7Aio T, NaR T
FUPEST N Y ARIR GRS TN R b, LnLhib, DIHADBHIIC JAuL,
PE,0OV, VbIZ3 3 B Hidouabaink & < g0 TV VDT, F b YU 0 LAY 7 DI PEDHIR
VEFIDE T2 B Tip D LITE XM

4.2, Cao{&H|

Nalffitl3Calz X > TR TV B Z EAMBINT WS, (D TIANEA Cad LEUT X V). kY
BUBENa > 82 812 A a"Lé T AREENTWA(T), Tayler, Windhager(25)134lzrcCa
O FET X BEREONaT Y A 27 8 ADKKN, Nelfdiiiod 7 - — K75 Z Bty U THEE
ThsZ L RIEMHL TS, CAIEHIRF + 31T, TR 2@, 9. &AF
F—CCOTER AT L Thes4 3V EATHI B IREEASE X b3 (15).

YYEOOD T, PEIIMARA N7 = bARIHET 2 2 L ARSI T3 (2,10). PEJIC
NIC#,Cat EF-EEDDT(18), :ﬂb:; DNad V400 &Y 2D D 2 L AEZ b, al
JAAIA N 7 4 b OOCaiifl & IB-S I B &, AOVURRIOBATERL 72T L b, 25 2400V
DEDFALICAT X BNaa v &7 & ¥ ADINATEE LTS L EX LD,

4.3, cAPOEE ,

NWﬂhD&#KdW%ﬁEbfﬁﬂmmﬂﬂ%%ﬁﬁéltﬁ%ﬁﬂwtwé(mL§%w§¢fa
ONTCAPAPTIONE & B L T 7 S O 5+ FILBEZHONaFEARBES 2 2 & 2l Lz, M,
12X B 1ARDEADVHRALIZAPIZ X BRI U TR TI3ZRNZ &b, ZOMETIEcAPE
FT B L EZ LMD, ZO8 LADKISEIB-8TIHNZ bivem-70T, HlgAGIZL ST
DT, ZDE > LIBRIN FA L F ¥ FVOIBERA < DFETL D LN TS (,
%),
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IBEIYA A F A 2T FNVOLNETIIAYITH B HY, PG, X 1) Califideh e & 415 Ttk
233, ZiudindomethaciniZ & o TIRFFDCaHRIAMIINT 2 Z e ML EX s (%),

P& PGEDVUII DYETNEEIT V2 H% FHINC RS & 0%z o /-Miatdh 5, POSEITE
FENSEDIBEI A F7 Vo F ¥ 3V e > TCATA L., THUTX>TT I OS54 REHMNa
Fr 2V0MiE D (19,20), —f. PEDEEIIIDL S LI AT LAE/ET5H, Cak &
B BIRNTHE 2 HIOVURAIZEZ 20T, AR N 72 bOCal#EL 7 I 054 Kkt
F ¥ 2IVOIHNCESE L TWB L EZ bD,

4.4, ¥&m

PIEJINTIZHEFA U T 2ABHEDVIZM b A2 §, 28 VAR EIMANEDIERING A F 7 o F v 30V
MHONaFEALBES B Z D, 88 2 TIIBIMIED T X O 5+ RESHHNaT ¥ 3NV OIHAE = 5,
— 77, CODIZ U TSV DIEDRALDA R, (NTDLE 1AIDEDVURAIIZAPIZ L 5, 45 24F
DIEDRTHLIZITHPBA A N T 95 DCam AATHET 5.,

Table 1 Effect of PGE, on transmural voltage (V) of the rabbit CNT
PGE, (uM) Control Experimental
Negative Positive

0.01 -11.0£2.6 -12.7+£2.7 -10.6+£2.8
(n=6) ' A=-18%0.6* A=21=%0.6*
0.1 -11.0+2.6 -13.3+2.8 -10.1£2.3
(n=7) A=-23+05* A=32+06"
1 -129+2.5 -16.5+£2.7 -11.6+24
(n=5) A=-36+0.7" A=50%09"

Units are mV. Data for the experimental period are taken at the peak of initial negative
deflection(Negative) and the peak of later positive deflection or steady state (Positive).
A, voltage change; n, number of experiments; *P< 0.05, **P<0.0] as compared to zero.
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Table 2 Effect of PGE, (1 pM in the bath) on transmural voltage (V) and
basolateral membrane voltage (V) of rabbit CNT

Voltage Control Experimental
Negative Positive
Vr -13.8£4.0 -174+43 -11.6£3.2
A=-36+04"" A=58+14"
Vg -83.5+23 -83.2+2.0 -82.61.6
A=-03%05 A=0.6%0.7

Units are mV. The dater for V; and Vy were obtained from the same tubules
(n=5). Abbreviations are same as in Table 1.
*P<0.05, **P<0.01 as compared to zero.

Table 3 Effect of PGE, on transmural voltage (V) of rabbit CNT in the presence
of CPT-cAMP
Control Experimental (PGE, 1 pM)
Negative Positive
-145+42 -14.6+ 4.2 -10.1£3.1
A =-01£0.2 A=44+1.2%

The data were obtained from 5 tubules. Effects of PGE, were observed in the presence
of 0.1 mM chlorophenylthio-cAMP (CPT-cAMP) in the bath. Abbreviations are same as
in Table 1.

* P<0.05 as compared to zero
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Time (min)
0

PGE, (1 uM in CNT)

Fig. 1. Time course of transmural voltage (Vq) of rabbit connecting tubule after

administration of PGE, (1 pM) to the bathing solution. The arrows indicate the time
when PGE, was eliminated from the bathing fluid.

Bath PGE, (1 um) Bath ouabain (10 um)
Vo oW [ [
(g‘V) (g‘V) 5 min 2 min
[' [' = | — H | — [_ VB
-20F —sf
_a0l —10l _-f\_______\/“‘ Vi
60} —15}
—-80F —20f
—100L —25L

Fig. 2. A representative study examining the effects of PGE, and ouabain on Vo and
basolateral membrane voltage (V) of the connecting tubule. PGE, (1 pM) and ouabain
(10 pM) were added to the bathing solution.
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[ PGE, (1um) | [PGE;, (10m) |

Lumen amitoride 10 M

0—
SN 1
-5k
A=-—I-310-2<-—“\‘—A=—4~210<7
H — P<0-01‘.‘ —
s ;
E -0t ;
S‘ I" L)
15} J
Ll
—-201 B

Fig. 3. Summary of seven paired experiments in which the effect of PGE, on Vq was
observed in the connecting tubule with or without addition of amiloride (10 pM) to the
lumen. The V- values (mV) for each period were -11.6 £ 1.6,-0.3 £0.2,-1.6 £ 0.2, -12.1
+1.9,-163£2.6,and -9.6 £ 1.6.

**p<0.01 compared to the preceding values.

PGE, GE;
5r [[Cumen amiloride (10 sm) | Lumen Na' free

Vi (mV)

—15F

10 min
—20L

Fig. 4. A representative study showing the cffect of PGE, on V- in the connecting tubule
in the presence of luminal amiloride (10 pM) and elimination of luminal Nat. Both
maneuvers induced positive deflection of V. In the first period with Juminal amiloride,
PGE, induced a small negative deflection of Vr. But in the second period, under the
luminal Na+free condition, PGE, did not change Vy. The intactness of the biphasic
response of V- to PGE, was confirmed in the final period.
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[ Bath TMB-B (50 im)
or
-5l
;—10-
E
X _q5f
—20}k
| S
—-25L 10 min

Ilig. 5. A representative study showing the effect of PGE, on Vy in the connecting tubule
in the presence of TMB-8 in the bathing solution. The PGE,-induced depolarization was
inhibited in the presence of TMB-8 (50 pM). The similar observations were made in five
tubules.

O[‘ [ Tamon Cot' Trea EGTA [ | =
-5+
~—=10f .
>
£
X _15p
—20}
-25
' 10 min
—30L

Fig. 6. A representative study showing the effect of PGE, on V in the connecting tubule
under the elimination of luminal Ca?. In the initial period, the effect of PGE, was
observed under luminal Ca?*-free condition. In the next period, the effect of PGE, was
again observed with restoration of luminal Ca%. In five paired experiments, it was
confirmed that the PGE,-induced biphasic response in V. was unchanged in the absence
of luminal Ca?+. :
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Time (min)
0 10 20 30 40

% (mV)
&

—10F

—15}

—20L PGE1 (1 UM in CCD)

Fig. 7. Time course of (V) of rabbit cortical collecting duct after administration of
PGE,. PGE, (1 pM) was added to the bathing solution. The arrows indicate the time
when PGE, was eliminated from the bathing fluid..

PGE PGE,
[ Lumen amiloride (10 um) 1
10F
5+
~ Of
>
E
x gl
—10F
_1sL 10 min

Fig. 8... A representative study showing the effect of PGE, on Vg in the cortical
collecting duct in the presence of luminal amiloride (10 pM). PGE,-induced
depolarization in Vy is completely blocked by luminal amiloride administration.
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Mechanisms of Action of Hormones and Drugs on NaCl Transport
across Renal Tubules
(Effects of prostaglandin E2 on the CNT and CCD)

Masashi Imai, M.D.

Separtment of Pharmacology, Jichi Medical School, Tochigi

1. Effects of prostaglandin E, (PGE,) on ion transport were examined by observing
the transmural (V) and basolateral membrane voltage (V) in the in vitro perfused rabbit
connecting tubule (CNT) and the cortical collecting duct (CCD).

2. Addition of 1 pM PGE, to the bath induced a biphasic response of transmural
voltage (Vrp), with initial negative V1 deflection followed by positive deflection in the
CNT, but monophasic negative deflection in the CCD. Because PGE, had no effect on
the basolateral membrane voltage (Vp), PGE, mainly causes changes in the apical
membrane voltage. o

3. Elimination of Na* from the lumen abolished the PGE,-induced V response in
the CNT. In the presence of 10 pM luminal amiloride, PGE, only caused initial negative
deflection without causing later positive deflection. The positive Vy deflection induced
by PGE, in the CCD was also blocked by luminal amiloride.

4. Addition of ouabain (0.1 mM) to the bath completely abolished the PGE,-induced
Vi changes in the CNT, indicating that intact Na*-K*+ pump is prerequisite for the Vr
response to PGE,. .

5. Addition of 2 mM Ba?* to the lumen did not affect biphasic V. response to PGE,,
indicting that Ba%+ sensitive K+ conductance is not involved. '

6. Basolateral addition of 0.1 mM 8-(p-chlorophenylthio)-cAMP inhibited only the
negative V¢ deflection induced by PGE,.

7. The positive V deflection was blocked by basolateral addition of 50 pM 8-(N,N-
dimethylamino) octyl-3,4,5-trimethoxy-benzoate hydrochloride (TMB-8), an inhibitor of
intracellular Ca?* release. But elimination of luminal Ca2+ did not affect the biphasic
response to PGE,.

8. These findings suggest that the initial negative Vi deflection is caused by an
increase in Na* influx across the luminal membrane through an amiloride-insensitive Na+
conductive pathway, whereas the later positive deflection is caused by the inhibition of
Na+ influx through the amiloride-sensitive Na* conductive pathway. The cAMP
messenger system may be responsible for the initial negative deflection, whereas an
increased intercellular Ca?* released from the store is necessary for the later positive
deflection caused by PGE,. The response in the CCD is comparable to the later response
in the CNT.
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