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T, BICHASEEZND, 22 THAKYIFFIRALBKEZEETHEL, FRL
FHEKEBICEDAATVS, LALABICBIZHRIEOEEICOVWTREZLS OP>TW
e ZZTAHEMEAYFXFOHABEHEL., LEMREID RHEAREZERL. 2O
EREBAVWTRKOEBBE ZRD, & S5ICNaClOEEERE 2R Tz,

WA FEORBEIE. FEY UH—BPTIIA AV OKBIFILALRRL WA,
EMABC LI EBEEERE->TPLRLADBEH, ZORERDSF Y OEEILITL
A BBNED oz, KOMERLEBTZEDSKOEBRH (Posn) 23k 2 &, 3x107°
ml/cm2 h. Osm& WA IEEICEWEE Bz, AEOMEBEIIZT0N cn22 BVWD T, HEIX
AFVEBELL TS, KFBELICSWEEZR>TWVW2LHEXO6ND. — /RN DNa
ClEEAZEE)VYH—HO3EICEDD L, NatbCl b MEM» SEEMICHES N
(BitE) o ZDNateCl DEiEIR. ZNEFNDOAF VOBIILENARICES bDTH-
72o DF DNatBCl BILEIC X » THIBER A SEEEMATH LEAS5N0 5, L LNat D
BICECL OEEARSLELEN, CITOWRICIINORELAR DL LLBETH 2, &
DESICHEIIRIFELA > ZNat L CL OB B 2B e 3F A o0, LNate
Cl-D %L CN- % 0uabainlc k> THIBE 0% MI 65N B DT, MFERED—ERIC Nat-K*
ATPaseBSBIE L TWBLEZOSND, —ANaCIHEEHEDOHEEFFEL LTHSNTWS Thia
zide. Nat-K+-Cl H#fiE DAEZE L L TH S N TV SBunetanidez HiERIZMZ % &\
NaClD B EHMA 30 —4 0 %Ml E N7z, F/zAniloride DIDSZKEREMNIZIN A % & NaCldD
MEMN30BMAOSNDZ LD, T XFOREDHEMICNaT/HT &£ C17/HC03"Ddouble
exchangerMTFEL TWB LE X 5N5, Thiazide’®BumetanideDHJE L Z D double ex
changericxd 426 DELELZNIT—IEDFHMAIZDL . LD Ldouble exchanger?Z i} Tld%
PGB D30 B LOHATEYS. BODTORFEEHMOENTHWRWH LWEXRICKD
LDELEbN b,
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DFXFREK»SWBAKICHITTDEWRERAED. ZOEB»SBNTE ZLIC L -
TREEZICEBBAICHLTWS, L UIBICEEEKSA > =0 TIZBIXAERIT
&Y. BICHASREEND, ZITHBEOALARYFXFOAETIRKARBAEEIE
L. FTRULEBAKEBICEDIAATWS, (Hirano b Mayer-Gostan, 1976; Parmelee & R
enfro, 1983), L L., CNODEBTEHWINLREOHBEMICEAEZRANTED., 8
KEDNaClBIEEN B2 Lz RTW S, BAKFIZENaCILIA DA F v bEL EENTSE
D, ZhonAFVOEELRETER N, TZTHE. EEY YA —HDNaClZiF % 3
BEGY U H—BEEBKOKDDICANT, HEOEEL2HASZL2ENE LR, L2
ABBETCLEEREBTONTNDLIE—MICEASNTEST. HIOBIHTOHRE DX
Wo ECTETHAVFIFOREOUEZHSHICL, DVWTHIEOEEBEZ I L
Lz,

MR E®

Hirano & Mayer-GostanldfiBi/8%5 D7z TDABEE Y v ZIRICLTHWTWS A, #
SORVEFLHHEDOIEIZ L DA T VL KOG ENEETND, ZZTHKIFFOEEDH
HAE#ZEEL. LREMEBLOL2EBAZR)ZFL VEICL L D23 T, HMEREAHA
WKUlieHy 2BEEEolze COBERLELHRABIIZVWL., RLAEEBNBTHZ L8
HoTb, FMEARYIFLVBLENWTOIOTHER &Y S, ChEERY v H —
WICE L. ARNCHE 4 OEERW (Table Demmizl. 1FEEORBOA T VRBEDEILL
BEOEPSA T VRUKOBEEEEZRkDZ, COLERRICEEDRE LKFEM LS
0mM KCIEXHE., #OXANVBEZNALTLI—FICEEFL =, & BEGIKTIL TG H Bt
Bz % ¥ — FRICTL TUssing chamber T, 60 pADNNIL A LB BHNEL»SRD 1=,
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Table 1.

Experimental solutions (mM/1)

Normal x3NaCl High Nd High CI” Sucrose
NaCl 118.5 355.4 118.5 118.5 118.5
NaGluconate --- --- 236.9 ---
NMDGCI --- --- --- 236.9 -
Sucrose - 4738
KClI 4.7 4.7 47 4.7 4.7
CaClz 30 3.0 3.0 3.0 3.0
KH2PO4 1.2 1.2 1.2 1.2 12
MgSOa 1.2 1.2 1.2 1.2 1.2
NaHCO3 249 24.9 249 249 24.9
D-Glucose 5.0 5.0 5.0 50 5.0
L-Alanine 5.0 5.0 5.0 5.0 50
Osmolality 285.9 702.2 678.6 696.5 787.0
(mOsm/kg) 3.5 4.6 28.7 =10.1 :8.6
(14) (45) a7 (16) ©)
Net water flux (pl/cm2-h)
-8 -4 4 8
EI" Normal Ringer
'—|—' Sucrose (M) n=5
*—l: Difference
Posm=3-020.5
(x10-8ml/cm2-5:0sm)
Normal Ringer *—E-‘
n=5 Sucrose (S) '—:,-——‘
Difference '—}-——'
Posm=4120.7

( x 10-6ml/cm?2-s-Osm)

Fig. 1. Osniotic permeability (Posm) in the seawater eel esophagus.
Osmotic gradient was made by adding 473.8 mM sucrose into the
mucosal (M) or serosal (S) fluid. Mean * SE.
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1. #BKYFFOREIIE T DKERNE

Hirano & Mayer-Gostan (1976)I3iBK Y+ X DOREII/KEZTHES LN EHEL TS5, P
armelee& Renfro (1983)3H L A DHEIIKZE T LE->TWD, 22 TETHAYF X
DEEBETKOEZZMMEL. KOBBEH (Posm)ERDB Z LI Uiz, BAYFFOAE
DFMOEEY v H—BRICEBEZMASZLICLD. BEEEZEE2OFI TR L KIBEER
BB > TBI 7= (Fig. 1)o MBERD» SEEMADKDE & (ns) &, Z DFEDKDE) = (s
m&. FOBOEBEEZED SPosnzKHB & : Posn™ = 4.1 + 0.7 (x107¢ ml/cm2. h. Osm,
n=25); Posm®™ = 3.0 + 0.5 (x107® ml/cm2 h.0sm, n = 5)TdH -7z,

2. 1. BEICBIFEAM44 v LKkDigiE

BAYFFOEEOHPEEE) Y —HICET L. NatdCl bK< ERICIZER®E
ENT. BEREBHL LT TH-o7z. EIHDBHBHONCIEERER) v —HD 3E
ICED B ENat e Cl MITIZEER (15 nea/cm? h) HER» SBERICEIW = (BE)
KR EP ICEEM> SHERICB Wz, COL SEEMNSHL aVEEDRE FREEMMDS
LB T=/~(Fig. 2). Na gluconateZ AW T NatBE DAL 3EZICLREXE 2 L. NatDIf
INEIZ#4 nea/ecn2 hiCU P LR Loz, BEFEOERIINaCHS0. 2 ANTHE SN,
HITNMDG ClERAWTCLI BEDOA%Z 3BIC LR EE 2 LI ORINEIZHS vea/cm2 hTH
S 7ze NMDGO D D ICTrisz AW TOREKROBEREBRZ, COLEKINWTIhDHEAELE
JEM & D RSEEM A4 1 l/cm? hBju 7z (Fig. 3).

3{&NaClY A — &high Nat ) U A - L EZRATH I LIC &> THBEREDONa EE
EECMRLEZET. CLUEEZBRBMICE Sz, T5L Cl-OWRINE L #:E M D
CLlrBEICHBAILTETLE. ZDL ENa*DORINE S CLRINE £ I1TIZFEITL TR L 225,
[Cl1-]m = 129.2 mea/1DERICH#I5 nea/cn2 hDIRINE B > 1z, Nat & Cl- DR UL IS A
T2HDIEZ W, KIZEEM > SHBEMAFWEND X DT> = (Fig. 4A),

RIZ 3{ENaCl) > H— Lhigh ClTY Y H—HAERATAILICE-> T, ClIrBEEZEL
WRELETET. NatBELZESSES L. NatQRINEE [Nat] mickeBIL THA L 2.
ZDEECLI" ORI BHNat L IFIZFITL TEA Lz, [Nat] m = 143. 4 meq/1THI4 peq
/em2 hORINEBHE -1z ZOHEHKODWINaTECI " DIRNMBEADTEDICL B>
THAK L 7= (Fig. 4B),

Figure 5i3Fig. ACHBONERBRZZNZThoA T VYO EKILENARICHLTTay
FLIZODTHBD. HER»SEEMAD236.9 neq/1DNa" BEAMASH D L &, Cl7IdH
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JEE & BER OB OBESILERN AT VY v LOEICIFIZHBIL T8V T WS (Fig. 5A). &
DL EVCLl- DB EDRTRDEIIEEICL->TWVBESICEDbDNS, Ly LFig 4BTES
Nz, NatOBEDEBZLNVEEOCL MEREZ7T0y b32L (BR) . NatDBEE G H
FELTWDLEDELDIZDPITELS 57z TOBEMN TR N7ZC1 8k 1t B L E0C
L2bDLEZISN, BRHOMEZLSCIBIBHRE (Pcy) #57.1x107¢ cn/s HETE 3,
CDERYYFDIE (Frizzell & Schultz, 1972; Frizzell, Koch & Schultz, 1976) %
DX E (Vulliemin, Durand-Arczynska & Durand, 1983) ICHBIFACl E AN LITIZEL
THd. BEILL2CIWHEBPS COEMBBR A Z25I< &, Na"RERDCIHERBKRE S
(BG) o COEBOEZ»S, Na"RKEEHOCI BBBEE 1. 9x1075 cn/skRET 2, AL
LIICLT NatDfj it B % NatDEBEXLEHAMICH LTIy b5 &Fig. 5B &SI
Do Nat#fi%ICBI L TH236.9 mea/1DCI BEAREEFTTOME (BH) BIEFEETTO
B (BA) EDEL oz, ERNESILFMNAROEN—HIIAL L PO 2 IES L
ICE-o 7z (B#E) o BFDOMHEZ »SNatEBME (Pna) 137.5x107° em/s&RE 2, 2DED
VY FOBRBPFEOTETEONLELIZIZE L D TH -7z (Frizzell & Schultz, 1972
; Frizzell et al., 1976; Vulliemin et al., 1983) , 2Oz LliINa*DES LN BEC
DENVWE ZECDARSH > T HNa IZHEMLHE T2 L& RBLTWVWS, NatDBSIL
FHRAOESEL X2 L IKHKFLENTDEBBSREZZ2bDEEZSNS, (1" DBEAL
BERICLT., ClEFHEONTERBFREZRD D EPrnact = 2.1x107° em/s& iz - 7z,
CTETIRAVEELAOEREET TAS NNt OZEE L KOHRE L ORI 12N
BHo7z(r = 0.605 P <0.01), XRCLOHERLKDHEEDOBICHLHEBESH > = (r
= 0.686, P < 0.01), BUREMOMEZ SR ENzNat Ll DBERE KD D &, [Nat]
= 4545 meq/1, [Cl-] = 4545 meq/l& 72D . RN & 7zNaClIZA5ER DONaClEBE DK 1
2ICBBEIhTWAZ il 5 (Fig. 6).

2. 2. A FVHEICRIZIHEHEROHE

Figure T4 EIRA W@ 2 DHEZEAOMREZRL ZODTHD. VT XDEEDHEH
I231&NaCl) Y H—EAND LNat L CL MBI IZSEEERICE < 25, COMEMNEEED
PEHW»EETHSEDHIC. FEMICI074 W NaCNE B X 7z, T3 L Nat D% B CL- DB
EH50—6 0%MAlENz, S5I21074 M OuabainflFIC k> TH 6 0—7 0 %DM
BHRONIZ, ZOZ LIPS LHEBERRBTOEEIEE D6 0 %L1 EidNat-K* ATPasell
WIEL BB ZBETHI2ILEZREL TS, (RICA A VEBROEE» SNat&Cl- D
BIZ Iz EWICEZBLTWAEDICRA DT, Nat-K*-Cl- £ =ik NaClE £ R OEER &
LTLS5NTW BBumetanide (107 M)*Hydrochlorothiazide (10™4 M)&¥SHEMICIIZ 3
LNatdCl 30— 4 0%ilifll ENnize —ANat/HFEEDHZFA L L TLSN T DA
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Fig. 7.  Effect of various inhibitors on the net Na* (striped
column) and CI” (open column) fluxes across the seawater eel
esophagus. The mucosal side was filled with x3NaCl Ringer
solution, while the serosal side was bathed in normal Ringer
solution. The contkol fluxes were obtained under such condition
for 1 hr. After 1 hr each drug was applied to the serosal (S) or
mucosal (M) fluid, and the net Na® and Cl~ were calculated in the
next 1 hr. The results were presented as a relative value against
the control (100%). Mean + SE.
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iloride (10-4 M)%Cl-/HCOs REMiEDMHZEM & LTL SN T HDIDS (1074 M) & 5
A THH 3 0% DMEI B A SNz, F7=Aniloridek Bumetanidez EEFICIIA T ®.
Amiloride®® Bumetanide BB DBE L 4 4 VHEBICERI B o7z TDT LidAnilori
dek BumetanideS BN A F VHEREMBEL TWB I L ZERL TS, E5ICC17 ch
annel DFAZER & = % 5N T 5 N-phenylanthranilic acid (1073 M) ZHERPICMWA T
Nat& Cl D ERIZH 3 0 %Ml =Nz,

B

WK™ ¥ O EE DMEEIETIZTT obm cm? TFromter & Diamond (1972) D4 FICHE X1
leaky epithelialZ JE¥ % (Table 2), leaky epitjeliald—MRICKBRAEDLEH WA, VT F
DEBDKEBMEIZ M Dleaky epitheliadd 1 /1 O LI T T, tight epitheliak D HE W
COEDIKDEBEERELMA T, RAFIBAKEIZIZL 2 £5ICHBHE (Osmolarity ratio
= 12.2)TEB L VBESEDHETRE NI,

UFEOABENLTOBE (NaClo#fiE) ON30—40%RBENWIHIILTED,
2 ONaCN® OuabainiZ k> THLMA SNEZ VWD T, BHLBICL2bDLEA6N%. &Y
D60—70%ENa*LCl-ODEADBEEARBHETHY . AADHDOAERTRA+ZT
5B, COEVCKELE> TNBNateCl DRI ENFNOBSILFHAEICHE > D
T. BWICERELUIEEEIRICL2b0ELEISND., —H2BRIEEDOKH 3 0 %I HEE
i % 7=Amiloride®DIDSTMA SN B2 & » 5. Na*/H+-C17/HCO3~ double exchanger
BYFFOREOHBENICFETSLEIOND, HEH DBunetanideThiazided®NaCl
BEAMAZDL. 2h5DOEYHZ Ddouble exchanger T/EA T2 L EANIEHHAH D
¢ o L # Ldouble exchanger CIZE W ITIKTE L & - 7=NaCléfizk D 50%LDHATET.
BD50%DHZEBBICOVWTIREZ REL 2P R VOBRIKTH S,

AFETRDEYFEOEBICEBIT BNat L Cl-DEBEE (PnalPer) 13D LM
TEOLNTVWABIEVNLDTHD. TEENICIEREFELE > TV BNaClDEBFREL (Prac
D) LYY FOBRMAE FREEBTBONTVWAELEALLDTH o= (Shi et al., 199
1) e COZLiZ. APETESNEESPRVERTHDILERRLTNS, BKYT
FORBIRNatLCLl DEEEHENWCAH Y TLNERBH LI ED,. ZhZhHPERTH &
DLW LBRYERE LT3 LBTEBICZ->TNWELEZSGNS, £ DRKDER
HRECHATVWSOT, BRAKZIEECIZVWEEDNS,
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SEDOFE

BAOHBRZHVT. A3 VREOBEEZFANL S & L. BB ONaCl#fiic 3t L
THENAHERAT2EPIR D0 S oz, SHRIXBYA 27075 ) ¥ AR MIANEiE
EERWT, BELRMIENORHEABICLICL->T, REBESHS»ICSNE LD
LHBLTWS, SEIOMFET. BRI FXFOREIZIEKD 1 2 ZHEWNaClZ R LT
WBZEBHESH LN, TDLIICEWNaCIPBIPFICA >TH Y FFHBIMED K
AFXRAI AT TOEBEREICHARTHRZN, ZORBELTORBEZI TV S,
DFFOLBIBELEELTCED, REPSOBRBESICOEICRZEEZSND,
FEVFFOLBEI—LE—LETHY., LE»PSHEMBIZTANTI I AEBL KIS
2HICESND, BELROHBEICRIZITNaCIOEEZFART NS,
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Desalination in the Esophagus of the Seawater Eel

Masaaki Ando and Kei Nagashima
Laboratory of Physiology, Faculty of Integrated Arts and Sciences,
Hiroshima University, Kagamiyama 1-7-1, Higashihiroshima, Hiroshima 730,
Japan
Summary
The osmotic permeability coefficient (Posm) was obtained in the
seawater eel esophagus as 3x10~6 ml/cmz.hr.Osm. This value was much
lower than those in tight epithelia, though the eel esophagus belongs to
leaky epithelia; the tissue resistance being 70 ohm.cmz. When the
esophagus was bathed in normal Ringer solutions, no net ion and water
fluxes were observed. On the other hand, when mucosal NaCl
concentration was increased, Na* and Cl~ ioné were transported from
mucosa to serosa following their electrochemical gradients. However,
only Na* or Cl” concentration was increased, the net Na* or CI” flux was
much lower than the expected from simple diffusion, indicating that most
of the Na* and Cl~ fluxes are coupled mutuaily. Since NaCN and ouabain
inhibited the net Na' and Cl~ fluxes by 50%, a part of this coupled
process appears to be linked with Na*-K* ATPase. Furthermore, mucosal
thiazide, bumetanide, amiloride and DIDS also inhibited both Na* and C1~
transport by 30%. These results suggest that at least 30% of the
coupled NaCl transport is due to Na*/H*-Cl"/HCO3~ double exchanger on

the apical membrane of the esophageal epithelium. However the rest 70%

of desalination can not be explained by the known transport systems.
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