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IREREZEARICT LT NaHCO, BHES B LIZTHELBEL, S5 TORERF IOV THRE
L7z, invivo TlE 32 £ 74 FORBMEFEAIE 1.4% NaHCO, KEKREEIC & > THRA Lz, invitro
T AT DEEMGE L (retinal pigment epithelium, RPE) « IRAKBAEA %213 S A TEHE 3 trans-
epithelial potential (TEP) W IR#GIEANSHEE O HCOs B ([HCO3]) LR X - THA L, Hiian
B [HCO; 1 LBI- & - TR L 72, & & WIRBRATEMEAR (B, II¥, BEE L UKEE» o2
2) O L ETEROMOEMNE (in vitro) IMFEREIREEO [HCO3] 2 LR S THEMLET,
¥ 1 A O L SRR OB OEME (in vitro) BEFAARZEKD (HCO;] LEB L UHR
WEEEEEO [HCO;] LREVWTh L - Ty EA s o, IREEAIREKRO [HCO3] LA L2
TEP @471 1.4% NaHCO, KBEREHEC L 2R EEEMOBY BRI T—RLTwi, T
1.4% NaHCO, KIEHEEE & 2 RREFEBRML OB I3 E £ LT RPE OMEER [HCO;] LR DBERT
HorEZONR, L% 1.4% NaHCO, RAKREE - L 2IRREFEEM OB % 1.4% NaHCO, IE& &
T 5. FRISEME [HCO3] ERic & 2 TEP #4 4 RPE #ilalE 0B DLz & 2 & D0 dH 5\ i para-
cellular shunt DZEI X2 3O EHELMIZT 270104 2 RPEHEAR&ZE 2T R > 7. IRIEEA
[(HCO3] LEH iz & - T RPE #ifad apical i3 hasal &L D K& S i L, TEP @A L. ZDFF
ExIREEER [HCO3] LRIck 3 TEPHA»E L LT RPE O BEMOE({LCEET 20D TH
D paracellular shunt DZEfLIZ & 2 5D TRV I L2 RBT 5. BLEOf#E» 5, 1.4% NaHCO; 05
133 £ LT RPE ORI 813 3 [HCO3;] LEIZ & > TH#E & h 3 RPE @ apical BORBMEICHR
T3 TEP OB ERBT 2 L E2 515,
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EREROFIE (AlE) LB OMTRFINSEN V39, Miller 9% 7 & # = v D RPE - #k# & in-
ER-RCRREFEEM LT Tw5Y, REREF vitro #2412 T RPE #ilaaEisg £ 174\, RPE-Jfi
BATIXARED, KD, BREE 2 Sic b —ERERT 2 AR s ATHEN S 2 BMEAEMEOEML
B, FORMAREEORRICAE L 2 EME (RS (trans-epithelial potential, TEP?) 7% RPE #ifZ0
IHER) KREL, Z0EoREREIEEGORE LR apical A D EE AL & basal EOBEERL & O F I
(retinal pigment epithelium, RPE) Th 2 & & T THZeEHOMIL

Abbreviations : EOG, electro-oculogram ; ERG, electroretinogram ; [HCO3], HCO3 BE;
L/D t, light peak/dark trough kt; NRR, non-retinal response; Paco,, kil CO, 77/E;
RPE, retinal pigment epithelium ; TEP, trans-epithelial potential ; Va, Vanterior ; Vae, apical
PERE (L i Via, basal JEZENL i Vb, Viostertor ; Vi, Vietina ; Vw, Vinote-
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RPEWHERT I EEZSN TV BNERIDE L L
T non-retinal response (NRR), c #, BH LR % &
"5t Tw A, NRR I Brown®io & b R &7z,
NRR % RPE BEREMR B IZICH L -8RI R Y - 5 %
>, ciX RPE @ apical ROMAMIZ L 2 L EZ 5
N5, Griff ' ODERIZ L % &, RPE @ apical &
ONa* Kt R 7OEBETICL 2HBL cED
BECBEEL, & s MillerfilBHRE L 33
slowP Il Y c O FEEPRIBIZRE T 20, Griff 512
# & U Linsenmeier 53 8§ I & » RPE# lg »
basal ED RS2 L - THELU B Z & 2#EFFL 72,
Arden 593 & F OREREA{Z K (electro-oculo-
gram, EOG) #f58 ¢ L TH ERZFMIzBEEL,
light peak/dark trough tt (L/D tt, Arden ratio)
% RPEFEOEE L L T2 DOBEKRISHA%ETR LA, L
L ¢S & VB LR IR RN 3 2 IR & AR
LLIABERIGETH S, SO EECHEFORK
213 RPE, #ififan #7253, NEBOEELFETH
BIEMBLBETHLYD AT, FHEARLLE
L/DIDRED AL S RPEODEELZEL ICHET 2
ZEITER L,

FHEELE L LA RPEEBOBKBRERE L LT
2ODKYMFERICE T b b EEBEINEO L
Diamox [G&'®* 0% 5 | IREREEBAIZEBET
BEOBRAEAZ L > THRPT S (b, H1, 4
Z, 2aBLUUYF) ZLerUHETREL,
EEBEEIGE LA ffiT e mims e e
EAEFIIRPERBICHFIL L, £ RPEMKE D
basal BEOD BRI I T 32930~80 X 3 12 RAT 528
FHIRERE FE (713 sodium acetazolamide (Diamox
®) DEIRAEAIL L > THAT S (e b, #4) Tk
FRHL, T4 % Diamox IBZ L & i 2192920,
Diamox IE& & RPE Bl 4 H 3 5, BREK
6% L1387 1 acetazolamide & RPE #if@® apical
BINDIEFIC & - THE S0 2 basal BB ICE
WCHIR T 52939 =315 2 DO BRI B IO
ELEERT, (ERO L/D L 3 RE O RPE B
BRE L U TRIRIGH & d1290-2799~00) e FLps i 4 o
AER2910) S B HRIS FR 20290884149 20 1 ) i 22 (DR IRA B
KEOREEEORRCERNRZY, HHEFNEO
RPE #EE R ORI 5 & U P HEEDIZ - T
W,

—7 pH, CO, 43+ & 1 HCO;7 8 ([HCO3])
EILHHEER (electroretinogram, ERG) O b j¥iR
W, c WIRIE, light peak HEIE# X CIREETFEALIC
BT L Z e HE 0 1T 029, KT HCO3
REHL, b bic#kyaREs NaHCO, O 812 & -

THER SN IBRHREFEENORT 2 BMRCEEL,
CORBREFEMOEEH RPE BiIcBE L, 8%
[EGE, Diamox [EBIZH Fi 2 EYMBHITE L L
T RPE BRBEREICHIA LG22 & 235,
H¥E L UFE

I. in vivo Eh4pHR

IRERDATEE (AR L#E GEER) OMICEE
T oEME RREFEL) % in vivo Thakod
VY F gL, FRE3~3.5kg DA 6T
BLUBBS oA v FIPeRRE LI, HEgyr
Fiy (75 7-010®, Z&) OFRNENKET (>
a, 5mg/kg; Y aA4 vHF, Tmg/kg) CRENE
BERTROEEYRZZY Y (FXYY—A®, F
BUE) OFHEMNESIC & > TTRELBIC A TR (1
B E, FRE; 43T 25ml, BES0EB LU
A 7YFTI0ml, BAF40E) BTt KB
BRI VIR, REREMCEMREEM 2 RAREL,
FIRANAZERMCENLZFEREN L CBRE 2
£t ARERE & REREBEBSEE Rz R « E{b|m
REB*ESBRREAMBICIZSAPBRREEEN
(Vnoe, AT Tl Vi ERREETB) %Eﬁﬁib, Y%
RERLAN & A7 A THE LT8R - ELRSIREE 2 1Y
FAERFIZRAL, BFEROERE L IRMEBIRE
DEME DBDEMNE (Vioserior, MUTFTIE V, LB
T 3) EERHCESL: (K1), SEAREREE
#8 (MEZ.7101, AD-621G; HAXE) THIEX A,
7—% Vv a—%— (NFR-3000, DC~200Hz; v
——) TEgkah, v a—¥— (SP-G6P, HIFTE

Vi

Ve

Fig. 1. Schematic diagram of the system used for
recording the voltage in the intact eye between
the cornea and the posterior surface of the eye
(V) and between the vitreous and the posterior .
surface of the eye (V,). V, was recorded
between a chlorided silver (Ag-AgCl) electrode
placed on the cornea and a reference electrode
(Ag-AgCl plate) placed retrobulbarly. V, was
recorded between a chlorided silver wire placed
in the vitreous and a retrobulbar reference
electrode.
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) TEEsh;. BEORBICEL TIRIEROER
CE L BBERE LT 0, B, SMRBOY
B LERNEE L, M EORERS THBREL
T

EREWITIE 1.4% NaHCO, KB (REERH
& 0.30 X10* mOsm/kg) &Mz, BIRAEAER
5.0~15.0ml THhhH, 5~82M%Ed > TERERL
7 (STC-503, FNE) #AOT—EHEETEAL
72. NaHCO, kBB ENER 2T bR L & EWEH
By v SAE (F7F v ® KEFEEEE) % 3~5
ml/kg/hr DEETEALR, &3 1EIZE VT 1.4%
NaHCO, KFIEERT# I REE MR 2 WAL, pH,
CO, HF (Pco,) ¥ & U HCO; 8% ([HCO3)) 2%
Bk & 2wy A3 EE (ABL-330, Radio-
meter #) RV THIEL .

II. in vitro MMER LK - IEIRIFEA

WEEE LK (retinal pigment epithelium, RPE)
IRIGEER» 5K 5 invitro ERZIZEATEES
3 trans-epithelial potential (TEP) *# # 2 TH$&
L7z, K& 3~3.5kg DEEA T 6 L6 EREMA .
12 B ORIEISEICER T 7 =~ 5mg/kg DFHAN
ERHRRY T CIRER 2 L 72, 8 U ERER & RIEH
TEIWT L, BREREETE L BRI 4T, BEROHR
B o R RIERRE Uz, RIS S 2 ERMu £ /-
W BERR LA IS 9 B ERAI 0 & 49 5 mm 5 D YT R
2B, DWTHERTIA H» o #IBERE L T RPE- JRi&
JEAEAR L LT, %&740 ml DEEE L2 2HDOT 2 Y
AMEIEARE (H2) OMET A\ ST /ML (ER
hmﬂwﬁkmmM%rwa%4GVvalu
D7z RPE-RiGBUER 2 HEE L 2. B2 OBFEHRAIC
BEE R L 25ml/min OFEE TERL 2, —XD
RIECRIVREE 2158 (REEEE 2o RbER)
ENLTEEBOBHRETICREL .. FFH»oHE
WL 7B EREIES (MEZ-8201, RDU-5; A&
HE) THIEBLIF—F v a2—4%— (NFR-3000, DC
~200Hz; ¥V =—) &KL, v a—5— (SP-
G6P, BB ) THE L7z, K Tid TEP »5 RPED
PRAGREENC < S R TRABABE X 3Bt 2 28
ML ERLRBIZFNFN TEP OB £ 2 3ED
LARFRT 5.

B L BEEOERE (mM) 13, NBEREE TR
NaCl 110.0, KCl1 3.6, CaCl, 0.5, MgSO0, 0.5, NaHCO,
15.0, CH,COONa 23.0, glucose 20.0 T b, [HCO3]
PR &7 BB T2 NaCl 110.0, KC13.6, Call,
0.5, MgS0, 0.5, NaHCO, 35.0, NaH,PO, 3.0, glucose
20.0 TH -7z, [HCO3] i & & 2B121d NaHCO,
% CH,COONa CTE#aL 7-. BEH pH 2 FHBADE

ADEET pH A —% — (HM-30S, TOA #) #Hu
THEIEL 7. pH OFE T 150 mM © NaOH /-1
NaH,PO, %z vs L CH;COOH #% T3 2 Z LiZ ko
TiFebhl., BRFEEICL 3BEEH (OSM-, &
EEER) rRWCEEERAE L, FERLERE
WD EEE 1T £ T 305~325 mOsm/kg @ #i B N 12
Hotz,

1. in vitro ARERATEPIRZR

IRBRETES (ARE, HI%, BMRE, K&EELS LU
D&MD &% 5) in vitro AR D AR & B FEE -
DEDENZE (Vamerior, AT TV, £ T 2)
A TEHELT. HHREERORES UL TEsn
ToRTER (FRE, HL¥2, BRE, KaEs LU—HO®
sk 3) 2 EREHALE, E240ml OFEZ D
2ED7 7V LHERIZESS (1 L FE#FEOEE, K2)
OWEBET HEICH T 2HFL (ERE 15mm) O LR
OIRBRATEMER ZEE L, EXOFEHNICRERLHE
72U 25 ml/min O THERL /.. B, KHEES
L UEEKICIE TEP OBRBICAV b D EAKD Y
DERWI:.

IV. in vitro iBEMBREIER

A I OIEHNEE in vitro AR Z X EATEHEND
REFAE - EARAORMOENE Vieuns, MTTR
Ve EBREET 2) 28R 7o, FHBEROFREH TN
LTE SN BERA» SRR JIBEL 72, ZO%R
HEOMTFEAEZ B LTH 4Oy Ay ¥y a2,
II:FAgkOAER (M2) KEEL, SLOFRAR
g 2 #7225 ml/min O E CER L. BE, &
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Fig. 2. Diagram of the perfusion chamber used for
recording the trans-epithelial potential (TEP).
The main chamber was divided into the apical
and basal chambers. Each chamber had a
volume of 40 ml and had a circular hole of 3 mm
in diameter. Each chamber was perfused at 2
rate of 25ml/min. Two Ag-AgCl electrodes
were placed symmetrically in the salt bridges on
each side of the tissue to record TEP.
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SEBEB I VBRERICE TEPOBREICHEV DL
O DER G, AT V, SEEEBEERD
EHRRALC S SRTHTFRAIBE 23RBS L 228
HERERLEBIZZENAEFR V, OBKE 13K &
RFT 2.

V. MEER ek

20 RPE«RE& A % vy, MMM/ ERE
12 & > T RPE MIfADOBEE(L % 508k L 7-. RPE Mg
BRIOLFEAEIIFOHEDNCHE LT, FIEHOFE
TPER L 72 RPE-IRIEIEAEA % EE 3 mm O/NFLE D
22KDT 7 UK (BEE, mounting chip) O
& A, ZOEEERMEREE B L TRFEERL
THDAETEBRCEERLL. FRIEBEICLY
£% 3ml OFFE L OBEMITMAEE (apical bath) &
RGBS (basal bath) wsriF dh s (K3), WiE
ICEER R 72 L 10 ml/min ORE THET L 2. RPE
HIEOBEERMOEHIZIEA 5 AR/NES & SR
B X UG BRI BE 2N L TR L —xt iR -
ERERE RV, 47 AMUNERIIE 3M-KCl %
FHEL, RIAWER{TR 7. ZOFRKCBITEHF
ABNEBOBELIEMIZ 20~50MQ Th -7, RPE
OFMIE L D # 7 ABUNEBE VR T -5 —EBE
HWE~YA 70~ =Falb—%— (MO-8l, REHE
Ff) #FAWT 1~ 3 um D0 RPE OB —HREIZH]
ALtz ¥ AMNEED» S DB YL LTHE » HLE
#® (EZ0.3mm) %f\>, TEP, apical EOMEERT
(Vep) B & U basal BEDEERL (V,.) ZRIRFEEEKL 12
(B4). SEE» 5 BHE MBI NERREIE
g (TN, MEZ-7101 ; TEP, MEZ-8201 ; HALE)

Fig.3. Diagram of the perfusion chamber used for
intracellular recordings. The mounting chip
consisted of two plates, each of which had a 3 mm
centered circular hole. The two sides of the
tissue, apical surface of retinal pigment epithe-
lium (RPE) vs. choroid, hereafter called basal
surface, were immersed in 3.0 ml baths separately
perfused at a rate of 10 ml/min.

AL TERSEESR (BB, AVH-10; TEP, RDU-
5, HAXE) THIEBSh, BERKLvyoRa-—7
(VC-10, BAXE) wwTEt=y—3h, F—F L a—
#'— (NFR-3000, DC~200Hz; ¥V =—) izE28&k & 11,
Ny a—5— (SP-G6P, BIFETF) THEAN),

B %

I. in vivo Bh4ER

EYEWERICEL L, AEERE 300 lux OHE
ek 6 MBS, BHERZBEELL. 20—H%K
S51ZRT. Vo BEUV, BFRIEHHRL AL, 4
7112 light peak E L%, BAERK &% V, DEAL
EREOREIBATHHERICL SV, DBHE
ftof1.25ETh -1 (E5).

BB A 2 5 P82 5.0~15.0m] @ 1.4% NaHCO, 7k
BIRES~BATHEL, Vu LUV, 0L 2EBE
L7z, 1.4% NaHCO, 7K¥EH % 8E U 4 R 1L FLER
my>rFAEs LY YA (VY ¥ T3®, ®H
W) FEELR. 1.4% NaHCO, KiSmEEIz & 3
Ve BLUV, OFLREBCBWTEIOERIZR
SNz, BECBOW TR EDSETREHKETH -2,
Z0—Fl%K 6 12RT. 40 AU EOBEIERIZ XY V,
BIUV, SBEMEEBEZELL 2L 2HRELLE
W, BIEG 2L ok 2 CABIDY » 5 L ¥ % 0.56
ml/min/kg DEFETHEL L, Vy B UV, BEE
LRBCEEBMY) S VOB ELTRL, Eb i
1.4% NaHCO, /KB ¥ (BEF 0.30 X 10° mOsm/kg)
LB EFA—OHEETI.0m], 6 AfHEEL:, &
F% 1.4% NaHCO, KBRICTVEZ B2V, &V,

j : TRANS-EPITHELIAL

POTENTIAL

.

APICAL MEMBRANE
POTENTIAL

o
BASAL MEMBRANE
POTENTIAL

Fig. 4. Schematic diagram of the system used for
recording TEP and intracellular potentials from
the retinal pigment epithelial cell (RPE cell).
Two Ag-AgCl electrodes were symmetrically
placed on each side of the tissue. A glass
microelectrode filled with 3 M-KCl was used to
record the intracellular potential of RPE cells.
Apical membrane potentials were recorded
differentially between the intracellular micro-
electrode and the apical reference electrode.
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B LB 6 53T IMEI L T, R & FLER
MY v AAERET & Ve & Ve BBMES SRR
WAL b EDEITET V. 1.4% NaHCO,; RIEWRKE:
FErE sV, DBEMECREDRAICBVTS 1.4%
NaHCO, KBS EIC L 2 V, DBEMELOK 1.25
EThHor (€6). ZOEERA—ROBLE (B5)
TEEINLERLALTH 7. BEEIR S
L 7-BhiRin o m#% HCOs & ([HCO3]) i3 1.4%
NaHCO, KEIEIEF B Tk 17mEq/1 2 & #
W5 4MEI I 22 mEgq/l ~ e EF L s, M pH ik
1.4% NaHCO, KEBEEERTIC B TR 7.2 0 58
BW5AEICIE7.50~L0.08 ERLIIGEE Y, £/
Paco, EBEHIBTIF LA LR L a0,
BEs o b4 E 3TN 5.0~15.0ml D 1.4%
NaHCO, k¥ * 5~8 S THEL, V. 8L UV,
OEAL LB LT, 1.4% NaHCO, KRBT ZFEL &2
WERICEILBMY v VR EBHEL L 1.4%
NaHCO, KEFRHEIZ L 3 V, BL UV, DE{LIZIR
BrniEyoERizRs s, BECBLTRE
Lo 3ETEERETH o7z, TO—FIEE T ITRT.
40 AL EORIER I L D V, 8B LUV, BEBITERE
WELRLZ EERERLLRE, WIESE#E L3
THEIY > VEEE 0.28 ml/min/kg DEE THIE
L7z Ve BE UV, BEELRICIEEMY > 7 Vi
DEERTIL, Bb 2 1.4% NaHCO, KFK %/ —
EET5.8ml, 7AMEBELL BEELA%
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Fig.5. The V, and V, response in cat eye after a
6 sec period of illumination at 300 lux (arrow).
V. (upper record) and V, (lower record) peaked
at 4 min following the c-wave deflection. The
amplitude of the V, peak was approximately 1.25
times greater than that of V..

NaHCO, KB O EZ 5 L V, & V, B4 LK
B 8 S ICR/IMEIE L 72, BT R ALY vy
WICRT & Vy &V, BB/MENSTRRICERL & &
OEICET\ 7z, 1.4% NaHCO, ARIEHWEREC L 2
V, DEMELIZ YOSz 5T H 1.4% NaHCO,
RIBEEEIC & BV, DBHAEEON2.0ETH-1:
(E7).

II. in vitro MG & LR - IRIEEIER

% 2 @ RPE « IRk #& BAE & % A \ trans-epithelial
potential (TEP) i2xt¥ % [HCO3;] LEOHRE%#%
L. EAERBCHBREREERLEBED DL
TEP i3#R2 AL, HEFBAE 10~30 2 TEEE
WL, WENROEATY TEP i3 RPE ORI R
WXL TR RS OB 2 B U, BRI
BEMID ST SEARIWC BT 5 TEP OXTHE R i
FHOMIE 2.5~9.5mV Th o, [HCOz;] LHIT &
% TEP OZ LRB RSV DERR s, &
& R RE L0 3EATCREAK TH > 2. FA—
EA»sE e E0—F%H 8 wRT, [HCOs] %
15mM %2 & 35 mM IZ BN & ¥ 72 BE WK & IRis R
BRI T 5 & TEP BAFMKAR 1355 T0.8mViE
AU, AFHIEICE > T TEP 3 f/ME» 5 A LIE
IFERFEOMCE L (K8A), [HCO3] % 15mM
5 35 mM IZEIN S R 7 BRI R MR AR T
%z x TEP B &FHEHBEE A TL2mVERL, AH
thikiz & > T TEP i3 fBAE» 58D LIZIZARRTO

(mV)

1251
Vu

675 L

6.5 ka
et

[ mm— i —
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Fig. 6. Responses of V,, and V, to an intravenous
injection of 1.4% NaHCO, solution in the cat.
Lactate Ringer’s solution was injected at a rate
of 0.56 ml/min/kg (white horizontal bar) before
and after 1.4% NaHCO; injection (black hori-
zontal bar) at the same rate. V,, (upper record)
and V, (lower record) decreased after 1.4%
NaHCO; injection. The amplitude of V, was
approximately 1.25 times larger than that of V.

Ve
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EiE L7 (K 8B), HERD & IR L T 2 B
moE7 3EARIZET S TEP O BEBEKERT O
1% 1.5~10.0mV Th -7, [HCO3] LHiz L2
TEP OZ{LIZIRIEISIZB VO R S e, ik &
IR EEEO SEATRAKTH o 2. B—ESR
poBELNZO—BIER I ICRT, BIRICRIET 5
iz o BIERERVISES (K8) LEEOEL
pEZEs Nz, [HCO5]% 15 mM % 5 35 mM iz 440
B 7 B A B+ % » TEP 3 &RH
thtk 8 HT0.5mV B L, &R L >T TEP

FEUMED S AL IRIZAFRTOMEICE L 72 (K 9A).

[HCO3] # 15mM » & 35mM IS ¥ 72 18%
e RHRANC AT T % & TEP R &fHRE 8 H
T0.5mV AL, AFHIEC > T TEP IZBAHE
poRY LISIZARROMICIRL 2 (K9IB),

%30 RPE-IRAEMEREA % v, TEP Zxf3 % pH
LROBELHRFL L, HROZWESICHEY T 58
fiidr 5187 RPE « FRAGEEA & S IR EE CHER L
TEP MEEL /2%, 150 mM & NaOH %11 % pH
#7.68 & LR £ wMiaflc &9 2 &, Sk
75380 pH IZARHID 7.42 25 AFEKBE 2 4T
7.68 ~& EF L123, TEPIIX ERBMKETS®TEL
BRoNG» o7z (10A), AFEFLELEENE
B CHERL %, LEOpH 2 LRI ¥ BEK
EIGEEAIC AT T 2 &, IRIBEAZHED pH IX&F
B 7.42 o BRFBEB2ATT.68 N LREL

tmV)
10.0p WW
v,

g5l

13.0%

TIME (min)

Fig. 7. Responses of V,, and V, to an intravenous
injection of 1.4% NaHCO, solution in the albino
rabbit. Lactate Ringer’s solution was injected at
a rate of 0.28 ml/min/kg (white horizontal bar)
before and after 1.4% NaHCO, injection (black
horizontal bar) at the same rate. V, (upper
record) and V, (lower record) decreased after
1.496 NaHCO, injection. The amplitude of V,
was approximately 2.0 times larger than that of
V.

»%, TEP (3 AFBSBAI%R cEt Lz -7 (K 10B).

1. in vitro ERERATERIEA

Ao OIRRATSEA (BB, %, BHEB LUK
RS % 3) AV, AEEEHEERAOcET
ZEME (Vo) 25 2 2T [HCO3] #inog
ErEE L, BEEOMERKIE RPE REBEEL DS
BIZALLBEREREREE L, NRe L 28R
BABMEEBMEL T3 10200 1.5mVOEMME
(Vo) HYERE & iz, IRERATEREA £ MR CHER
LIt 3 &, Vo iR ERMIAE 1020 L 1520 TERE
W& L7, [HCO;]1% 15mM 5 5 35 mM iciEma
7o BEW B RGN AR L7288, Ve EFRETh o 72
(B 11),

IV. in vitro BBftiEREEA

2 DEERERAEAEAR £ Ay, BT ERS 2 VIZRE
a8l (HCOs ] shnhssst M o s F 4Rl & AR
RCEUBEME (Vo) KE22BE2E8EL:. B
BROAER I RPE - A& BAEA DB S L i B8
VR RIRR & U 7o, B VER 3 O BRI 2 v L 7,
BRI O B (R & AR 0 R R AU R
D 0.12mV OEMZE (Vo) 2sRoni, [HCO3] %
15mM 4 5 35 mM NS ¥ 72 BT 2 B A
WRHT 2 & Vi BARRARE 15 T0.28mV 8K

A
i~ 6.5
E
4
=
= 5.5
l’.l_J i ey
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Fig.8. Changes in the TEP induced by raising
HCO; concentration ([HCO3]) in cat RPE-
choroid, obtained from the tapetal region of the
eye. Responses in A and B were recorded from
the same preparation. The apical surface of
RPE was positive with respect to the choroidal
surface. [HCO3] was raised by 20 mM (black
horizontal bar). An increase of [HCO3] in the
basal side decreased TEP (A), while an increase
of {HCO3] in the apical side increased TEP (B).
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Fig.9. Changes in the TEP induced by raising the
[HCO3] in cat RPE-choroid, obtained from the
non-tapetal region of the eye. Responses in A
and B were recorded from the same preparation.
The apical surface of RPE was positive with
respect to the choroidal surface. [HCO3] was
raised by 20mM (black horizontal bar). An
increase of [HCO3] in the basal side decreased
TEP (A), while an increase of [HCO3] in the
apical side increased TEP (B).
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Fig.10. The response of TEP to a pH increase in
cat RPE-choroid, obtained from the non-tapetal
region of the eye. Responses in A and B were
recorded from the same preparation. The pH of
the perfusing solution was increased (black
horizontal bar) from 7.42 to 7.68 in the apical side
(A) or in the basal side (B).
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ER AR, BRMEAG RTINS TH Ve 3K
DLizhpots, TOVe® [HCO;] #IMIM ¥ 2 MR
13 in vivo 128133 1.4% NaHCO, KB ERITIZ &
BV, BLUV, OB L EBHEIBLTAERLE
Motz

V. EeRk R

%20 RPE « JRIGHEAZEAR % A\ RPE Mg 0 EEA
2B 537 [HCO;] LR OFE » MASU BRI
Y o T#HE L. %2 RPEMREOBERIZ, 79 XM
BB RPEMBEARIA Sz L &5 5 10~20
BBICEEL, 0% 30~60 HHECHS 17z, HBE
PR D Vo OER —T75~—-85mV TH o7, &
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Fig.11. The potential response from the excised
anterior segment of cat eye to an increase of
[HCO3]. The potential was recorded between
the corneal side and the vitreous side (V,) of the
anterior segment. [HCO3] was increased by 20
mM (black horizontal bar) in the vitreous side.
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Fig. 12. Changes in the trans-retinal potential (V)
induced by raising [HCO3] in isolated cat retina.
[HCO3] was raised by 20 mM (black horizontal
bar). Responses in A and B were recorded from
the same preparation. An increase of [HCOs]
in the vitreous side increased Vy transiently (A},
while an increase of [HCO3] in the receptor side
had almost no effect on Vi (B).
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#io [HCO3] % 20 mM b5 & w187 4 1T,
B OO & BRI VTR OB B
THRERTH 7. FO—FI%K 13, 14 1ZRT. PRiE
pAREEE [HCO3] % 20mM FHE &+ 2 & RPEM
D apical 5 X U hasal fEiZ & b Il L 72
(B 13). BAHEOTRE L basal B (1.6 mV)ICHAT
apical B (2.0mV) TK &4 o7, TEP i3 RPE fifz
OBEBEMEMCHIGL T 0.4mV R4 U7, Blbaf
EE® [HCO3] #20mM EF &% % & RPEMKED
apical £ 8 & U'basal Bl & @4 HE L 72 (K
14), BB OREE X basal E (3.2mV) kbR T
apical £ (4.0mV) TK&#H» -7, TEP & RPE il
OEEMEMICEL T 0.8 mV AL 72,

FHERGEEN (1.0 pA, FFERFAE] 3.0 sec) BEIC
Lo TRET Z2BMEN (13,14 D R34 7RO 4
) »oflEEENnT » 20 RPE: RIGEERDIEBE
SEHULEMIEM, REEANTho [HCO5] LD
BETHIELALE L L o7,

£ -3
rakyahAHETIE, 1.4% NaHCO, KEWK
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Fig.13. Changes in the TEP and membrane
potentials of the RPE cell induced by raising
basal [HCO3]in cat RPE-choroid. Basal [HCO3]
was raised by 20mM (black horizontal bar).
The basal membrane potential (V,,) was super-
imposed on apical membrane potential (V) by
the amplitude of TEP. Spiky deflections were
produced by extrinsic trans-epithelial current
pulses (1zA, 3 sec).
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BAELOY, A—RTEEsn-B\LE (5)
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Fig.14. Changes in the TEP and membrane
potentials of the RPE cell induced by raising
apical [HCOs3] in the cat RPE-choroid. Apical

[HCO3] was raised by 20 mM (black horizontal
bar). V.. was superimposed on V., by the
amplitude of TEP.
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OPEEEET2 4D TH-T, A, KA, 41
BB LUERBICHEET S L iE L, &5 RK
BIEh (AR, A&k, BB L UEHE» S 3) in
vitro EA W BV TABR L T AR OM THZFE A
2B ESETER O HCO; #E ([HCO3)) #3i
2RTHELLLE»o (B11) Z&id, in vivoll
B2 1.4% NaHCO, KBEWEFEIC L 2 V, B
AR, A&, IS L UEREIEELZVED
HROITAETHSS. ©IZ, 1.4% NaHCO, KiEF#
BrEic ks Vo EY (806, 7)1k 1.4% NaHCO, K
BRHBZZIBV,OBLVEECRBRTZ 02X
5, V, MFHEROER L IRREBBB L ERLD
D BEMIZE) 2, Steinberg 5520 3 2B HHFFIC
TR LR E O TR L R & OROEN
ELPEEAELRE (retinal pigment epithelium,
RPE) BORMEE & RIGEM L OO BEE
(trans-epithelial potential, TEP) ®fl% E X KRBT
BEnS, BRSBEL A o EEEEOM T AR H
M L o EOEME TR, REREVLThT
[HCO3] Mz eTHWP Lot (K12) »»
5, AIRTHEEIN 1.4% NaHCO, KFHEHEC &
3V, BLUV, 0P (6, 7)1k RPEBOHEM
BafRl & DRASIER - OO B ZETH %2 TEP DR %
FRRBMLTWAIERES S,

1.4% NaHCO; KBEBHIEIC L 2V, BL TV, D
WA H TEP O 2 EWRBL Twa w3 FEED
FRIE T B2 A D % 7 O RPE - PRAGEAZ A %
HotBon-HiE (M8, 9) wi-TvX#Eah
3. in vivo IZBW T 1.4% NaHCO, K¥EHR %2 8t
3 r It [HCO3) B & U pH 2K L 7248 Peo, 11
AT LB (RED), BLUMmH
CO, 3—8RIABE CO, & LT, B2 KE S IE HCOs
LLUTHEETS 2 EA 510, [HCO;] RS DV
& pH I AA TEP &2 B LIZTAEEMEDNE 25
N5, ZOHEERT 5 ENTH 20 RPE-PRIEHE in
vitro A M S B L7 TEP B L1 v BEEhD

[HCO; 18 L UpH OB ABEL 2L 25, UTI
Rz k< [HCO;) #KI TEP w## L, pH L
B3 TEPcEERrEZ W I EMmant, £7

[HCO3] #Mo TEP kB L IZT B s BELI- ¢
5, FagiEpissgtho [HCO;) #imse s &
TEP x4 L (K 8A,9A), Z® TEP B4 4 in vivo
2B} 5 1.4% NaHCO,; KA ST & 2IREKE T
TR LB (F6) WBLTEHEHELE, LHrLE
MR EIREE RO [HCOs] 2¥ina € 5 & TEP i3
KL (K 8B, 9B), Zd TEP#EKIx 1.4% NaHCO,
IKYEHEEE L BIRBREFEABD LB (M6) 12

]

BOTHERLE, T42bb 2O IZIBREEE N
1.4% NaHCO, KIBWEFITIC L > THA T 28 En
RPE B Ri&iEM [HCO; 1Mz X 2 TEP B %24
BELRMUTWAEZ ERRBL T3, &8
G T AR B o EER» SEH S
TEP (K 8) L#RZHIEL AWLEMN» 5B SN E
KinsEHE R TEP (K9) @ [HCO3) #imz &
LEEIC BB T 8L, BELERREIsL
THEPL Tz 2 £i3, [HCO3] #ims TEP ik &
VBT BRI SRR RS EAE L e W 2 L R T
2Oy L, 48 TEPICHB LIEY pH LBO
BEEHEL 2, BEETO pH £IREEMS 2\
EEMBEIO BTN TT7.42 05 7.68 Nk ERXwT
4 TEPIZZE L Laho7: (10), 2 OFRRDRHEI
Steinberg 5% ? # £ RPE « JR#&ME in vitro &4
BuTIREERH 2 i3 EMRR O Z2ER D O pH %
6.6583~E{aRTH TEPHPELZY,
Motz BIARE L FE L&, 72 Singer 53T &
g, & T 7.5% NaHCO, KB % 150~200 ml #
FELTHIMEpH 3 01 BE FRET2 127 E400
5. LIzio TAIRO pH BT 2 5k (B 10) B X
1¥ Steinberg %59, Singer 5% D& 2 BWET 312,
pH6.6~8.3 DEIFE T3 TEP X pH LD B ¥ %%
FawZehrsdnid, in vivolZ B2 1.4%
NaHCO, /KA & 5 IRRE EE AT A 12
PHEMDAC L > TE LR L EE A8, BEORE
LA OER (RERE) OB#AZ )0 in vitro
i3\ T RPE BOIR&EEI O [HCO3] MMz & >T
TEP #98 L 72 2 L5 5, invivo T 1.4% NaHCO,
KEWEEET 2 &, IRFE, BREEL SHEOED
PAOEZEDOEIICE > TTIE% <, RPEEO 2k
RO [HCO3] 8N & » T TEP A4 L, 20
TEP WA BIRMEFEMRE L L TBRE S LD L
Hahsd, LT T 1.4% NaHCO, KIFH#TEIZ L -
TIRBEFEMIEY T 2EE S 1.4% NaHCO, It
BLERZLIZT 5,

F3f Tk < 1.4% NaHCO, IG% 3 RPE Bk
BER [HCO3] s@imz#ts 2 TEP Bisb % Fio L,
ZDFAEPWIE RPEBICHERET 2 Litws s, 27
\»7 RPE BORMER [HCO;] i & 5 TEP#
YOFREBTICOVTEET 2, TEP 12 Miller %8
X U Steinberg 55212 & 111X RPE K10 apical &V
JEBEAL (Vo) & basal ROBER (V) OZEICHIE
LTWRBMTHY, Ve & Ve OB ALT L
MNTEBOT, LT Tk RPE BOIRMEER [HCO:]
A & 2 TEP 4 % RPE QB DZE OBy
»eEEL I, Miller 598 L UF Steinberg 5%
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L TEP 2 LS ¥ B3EFLELTRD 2D
QEEEMEMEZ SN 5, T/bb, (1)apical B E /it
basal EDQ W Th—FAD, H2VIZHEDOERNNE
B (A4 3T B FHEEN, 14 viedTAEa
¥ %> AB & U electrogenic pump rate) DZHL,
% 72 i3 (2) paracellular shunt resistance 8 & *
paracellular shunt potential (paracellular shunt %
B OELTH S, Miller 528 X Uf Steinberg 552D
#EEZ L E B & 52— F 0 RPE B0 E
SHHEB DA 0B L 2 BE I MEO BB & b
CRAMICELL, »OBRNMEOE(L 2 HFDOM
MEQ BRI M OMEEOEBHEL L VA&V
rwd, —FEEQ2)D & 512 paracellular shunt k%
DADET 2FEIEBMI AV IR AR E
ft¥deahd, KFOPETR S/ E 51T apical
s & UF basal BRI IRAZ MR [HCO3 1 BEMNTIX & b1
AL, BSHMBOFEE basal Iz { T apical
BicswTihARE< (K13), %7 apical BB LU
basal FEIZ BRI [HCO3] ¥INTI3 & b ITBHHE
L, B BORE L basal JEIZ { 5T apical BB
WTEDRELS (K 14), IRMSER S L CHEERAID
Wz B3 [HCO3] 0T % RPE #i D apical
B & U basal DEFEEMNEILIZ A WIZ O % &
BT lidehrot:, BLREFREERBEBICL - TH
ET2BEEL SHIE S N7 RPE - RS EIEAR D
BESEFCIREEMS L CREBA T ho

[HCO3] BMOBETHIEE A LEILIZED b hix
ol (K13, 14). 7z Miller 50z L hiEH o
RPE « ik #& [ 42 & 12  \» T paracellular shunt
resistance & 2.75~55 mM O#EFE®O [HCO3] TIX%E
kLo, Uiz TERORME (K13,
14) & Steinberg 552, Miller » DIEH{OE L VLo
EEET 2 L [HCO3] #imc & - T4 Uz RPE #ila
DEBMEIC BT 2 LT & > % paracellular
shunt EOBS - L 2 FET 2L LT LB RS
HRVEHFES N, © 2 [HCO; ML > TEL
2 RPEMBOEEMZLIZEL LT EROD LS %
BOBSHIMEDNE L~ THRBENEELON
5. Lo IRASEG, #ABRRN ¢ h o [HCO3]3n
T apical €2 basal Bt~ & DK & 2 BHEL
#rli (M13, 14) 0T, XEFCEE S 17 [HCO3]
BN £ 2 O BRI E DL Miller 598 & U
Steinberg &% D EH Iz #EHT HIEE & L T apical &
RECR EHHSND, Lo THREORESE
Miller 5935 X Uf Steinberg &0 B 12 351> TR
Wi, RPEBOMRMGMEE [HCO;) #inic k- T
RPE#il2 0 apical BEOEL LB HZL L T apical

BB L TEP R Lz EZ 50, ©ZI
1.4% NaHCO, 5% & £ = apical D B8 1 2K
LTHELBZ EBTHEANS,

RPE & DRI [HCO3 ] #8401z & - T RPE #ija
DEZ apical BHBAMET 5 LB/ L 1. ZDHEKD
& 212 RPE BORMEMAID 3\ idREERO—F 0
BEEERERC L) FeEHOBEOBERNEE S
ElolLieEzon2BERIMIC A0S, Bz
Kawasaki %313 7% =) RPE - JRé& A o SIH0 R
BEEFIZ 1 mM O sodium acetazolamide %% 2
& basal 28 apical BHIZEb L L D A& BHHET 2
ZEERBEL, IO basal BOBSHMEOET(LITIZ
RPEMIFERDA 4> H2 Wiz s b 0YBEDOBREE
EBEET 20T RV ERRTW S, %77
Oakley &%)z X id )V RPE « JRi&BEABEAR D PRk
FBEfRE [K*] 8 & - T RPE #ifr [K+] ¢
BinL, apical ® Na*-K* pump current BMET L
T, $7% b b apical BOBZMMEEBZE(L L T apical
BEid basal EWCHL X D K& SBAET 3 2w 5,
Kawasaki %% & U Oakley 550 # 4 T i3 RPE
Bo—7 oo RHERE ! & 5 RPE LR
WE (1 4A>%E) OMRELECRMFOBEDOE
SHEEPIE L TEEMBREL L LR TY
%, FREEER [HCO] Mz k- TEL B eE L bR
% RPE #faBERERZEED 1 D & LT Dawis 550
i* RPE #fifaPy [HCOs] #in% FL T2 %, Dawis
&5z X M IEHRASIERI [HCO5] 438803 % & nonionic
permeation®iZ & - T RPE #ifg8 [HCOs] »3#&Mm
L, DR apical EOBLHMEHEAL L apical
BEMBEATET 2 L3, IO R OIRAS R

[HCO3] #HIMIcE b > TA LB LIRET S Z b
a3 LT hiE, AR CRE s N IREBE [HCOS]
Bhick 2 apical LU basal EOBSHE (K
14) i, PREEEERI [HCO:] MMMz & > T4 U7z RPE
HiA®E (HCO; %2 &) MRZ (L8 apical O ES
RS CER L0 LARL, Ll
RPE BoOMRE&ER [HCO; 1 BNz & - C RPE #ilgD
F i apical ROBKMMEZEIL L T apical a3k
BT LIEOBFIZRED L Z5THETH 5.

FHRTIE 1.4% NaHCO, KW T IZ & - TR
B (3, vobdvy¥) ORKEFEEMLEY
T52E (®6, 7), ZOEFK (1.4% NaHCO, Its
%) »3EIWC RPE Bicth® L, RPE BOxE IChRégER

[HCO3) @iz U2 TEPH AV 2 K+ 5 2 &
(32, E8A,9A) 5 & ¥ RPE $HIN TG ORI H 5
RPE EOIRAEER [HCO3] #imc & - T RPE #ifad
apical IROBEXBIMEE 932 (b U T apical 23k 5348
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L TEP @+ 52 L (3, 13) pRE NI,
1.4% NaHCO, 5%t RPE BOEE 2 KBRL TW» 2
rEz NS, 1.4% %7213 7% NaHCO, IREEIRETE
& - TEEABRREFEEMIIEY T 547, HE
BRERE (REREMEE: RPEOEE 2 EREL
T2 LMBHELSTWLET) TlE14%E 2
79 NaHCO, A% %iE L T b REREFEEMIIE
L7z (2 EoCald 2) IR 1.4%
NaHCO, 5% RPE BOiES) 2 KB T % & DARO
EEHmrEE L2, L EET 2 KR 1.4%
NaHCO, &% RPE BoasmaE & L CERRIGAT
BITETLZOERBERUEHAS»ILIZLOTH
5.
#® B

RRER D SRR & BRI & O IcEET 2 BUE (R
BEEER, V.) B URTFE LB L OMICEE
T HEME (V) L THECEFERDLLAR
NaHCO, KEWHENB L IZTHELAIB LU Y
as4 vHF (invive) TEHELR, SHILTORE
BEEESMIT2Z L RENE L TH D in vitro 8
AKEAVTRNENZ, TROBRER:.

1. REEFEBEM (V) B UV i21.4%
NaHCO, AKEREEIZ & - THA Lz (in vivo).

2. FEEEeRLE (RPE) « & in vitro 4%
i3 & A THEMH XN 3 trans-epithelial potential
(TEP) RGN 3L CTHRERABHEOEEEZE
L, ZOmERRREEEMN (V) BTV, 0K
=L Tk,

3. TEP (in vitro) \ZIRAEEAIRE KO HCOs B
B ((HCOs) LBz X > THA L. 2D TEP#HY
131.4% NaHCOs kMR E I & 2 RIREFEQ
(Vy) BLU V0D L BHECBWT—HL T,

4. TEP (invitro) IZiERERARHEE D [HCOs)
FRIZE TR

5. TEP (in vitro) ZiREEMAREED pH L&
B & ORISR pH ERVWTRICE > THE
Lot

6. ERERATERIEA (AR, %, BAREBL L URE
sk sd) OBERMHLHFARAOMOEME (n
vitro) IXRYTFAAIBEKO [HCO3] 2 LRE €T
E{Liemroiz,

7. EEAEEOMFER L SR oMOELE
(in vitro) WHFHAREED [HCO;] LAB IV
FEER AR [HCO; ] LRV Ttk > THED
Loz,

8. REERAEEKED [HCO;] # LHEXE 3 L
RPE #1f2 0 apical 13 basal BEic kb L & 0 B4 18

il

L, TEP 3fEELOBSHEEZICIE L THA L
7o, SupEEERO [HCO;] # LE&¢ 3 L RPE
#AB D apical BEiE basal JEIZEE~ X D@4 L, TEP
BEECO@SBHEEMICHIGL THEARL L (in
vitro).

BLEDRESED S, 1.4% NaHCO,; 6% (i 55k
D 1.4% NaHCO, KB EHEIC & 2 IREREFEEMD
J#4) i3 RPE i IcBE L, ¥ & L T RPE O
ANz 317 3 [HCO3] L&k > THELE N5 RPE
O apical BEO B4 B2k T 5 TEP DB % KBt
T5IEMREBEINT,

E:il &
ez 5 s, HEE, HEMEED D £ L BEK
MABEZCELOREL BT & 7. K15, HHRY, E#x
5BbD & LA —RERCEROL T, KPR
wHEKsEGhEEE L AL B LE
T, EERBEES{ECHEI N T S o loKEREBEE ICRHL
7.

X [

1) Granit, R.: The resting potential. Some
further properties of the component potentials of
the electroretinogram. Iz R. Granit (ed.), Sensory
Mechanisms of the Retina, p 69-88, Hafner Publish-
ing Company, New York, 1963.

2) Fishbarg, J.: Potential difference and fluid
transport across rabbit corneal endthelium.
Biochem. Biophys. Acta, 288, 362-366 (1972).

3) Brindley, G. S.: The resting potential of the
lens. Brit. J. Ophthalmol., 40, 385-391 (1956).

4) Lehmann, G. & Meesmann, A.: Uber das
Bestehen eines Donnangleichgewichtes zwischen
Blut und Kammerwasser bzw. Liquor cerebro-
spinalis. Pfliigers Arch. ges. Physiol., 205, 210-232
(1924).

5) Noell, W. K.: Studies on the electro-
physiology and the metabolism of the retina. U.S.A.
F. School of Aviation Medicine, Project No.21-1201-
0004, Report No.1, 1953.

6) Miller, S. S. & Steinberg, R. H.: Passive
ionic properties of frog retinal pigment epithelium.
J. Memb. Biol., 36, 337-372 (1977).

7) Steinberg, R. H. & Miller, S. S.: Aspects of
electrolyte transport in frog pigment epithelium.
Exp. Eye Res., 16, 365-372 (1973).

8) Brown, K. T.: An early potential evoked by
light from the pigment epithelium-choroid complex




NaHCO, izxi 2 iR LR O BRMRIG 1019

of the eye of the toad. Nature, 207, 1249-1253 (1965).
9) Steinberg, R. H., Schmidt, R. & Brown, K.
T.: Intracellular responses to light from cat
pigment epithelium: Origin of the electro-
retinogram c-wave. Nature, 227, 728-780 (1970).
10) Griff, E. R., Shirao, Y. & Steinberg, R. H.:
Ba2* unmasks K* modulation of the Na*-K* pump
in the frog RPE. J. Gen. Physiol., 86, 853-876 (1985).
11) Faber, D. S.: Analysis of the slow trans-
retinal potentials in response to light. Ph. D.
dissertation, State University of New York at
Buffalo, 1969.
12) Griff, E. R. & Steinberg, R. H.: Origin of
the light peak : In vitro study of Gekko gekko. J.
Physiol., 331, 637-652 (1982).
13) Linsenmeier, R. A. & Steinberg, R. H.:
Origin and sensitivity of the light peak in the intact
cat eye. J. Physiol., 331, 653-673 (1982).
14) Arden, G. B. & Kelsey, J. H.: Changes
produced by light in the standing potential of the
human eye. J. Physiol., 161, 189-204 (1962).
15) Arden, G. B., Barrada, A. & Kelsey, J. H.:
New clinical test of retinal function based upon the
standing potential of the eye. Br. J. Ophthalmol., 46,
449-467 (1962).
16) Gouras; P. & Carr, R. E.: Light-induced DC
responses of monkey retina before and after central
retinal artery interruption. Invest. Ophthalmol., 4,
310-317 (1965).
17) HEEEFEF: A light rise KB L I1F T sodium
aspartate ¥ & U monoiodoacetic acid D%, HIR
&3, 84, 607-616 (1980).
18) Yonemura, D. & Kawasaki, K.: New
approaches to ophthalmic electrodiagnosis by
retinal oscillatory potential, drug-induced res-
ponses from retinal pigment epithelium and cone
potential. Doc. Ophthalmol., 48, 163-222 (1979).
19) FE—X, WWRTETF, KEKE . HENEOFH
Bk, HERSEE, 81, 1303-1312 (1977).
20) FAl—x, WA B, LARETF, KAXE: AR
MEOR FRIESHCS LT ERESRNEADE
. MR, 31, 889-894 (1977).
2) FE—k, KK, HRE=T, UxEF, O
s, FEEE: PEAXLEOEMBRISE L Z 0
ERPRIGA. BRAT, 30, 116-124 (1979).
2) HEET: REEEEMCSLETRBELEA
HORR L 2 DBERGA. (1) & b, Y UB I U4 12

B35, BIREEE, 86, 374-384 (1982).

23) REET: BREFEMUKBLIEITEREERSA
BOZR & 2 OBRLA. (11) EXEEICB T 28K,
HEREEE, 86, 385-395 (1982).

24) HEEF RREFELCBLZTERELA
HORR & Z OBRGE, () HiEOMEIREEER I
B34S, BIRS3EE, 86, 396-413 (1982).

25) RNXE: EREFEFNFERC & 2 HREDIH
BERE L { WHEEAR LR ORYERICE. R, 36,

'672-681 (1985).

26) KFKE, AH—X, BDFEZ, WXKETF:
Diamox = & 3 REFBESIEROE( & Z DEEKICH.
fR#d, 29, 408-416 (1978).

27) REEF, KNAE, "TEF—k: PECELED
acetazolamide FFIEE (Diamox ). IFH#EEH O
#E. HERSEE, 88, 1267-1272 (1984).

28) RATARE, M &M B % BIIRR: 2o
EUHFOBBBEEGTICOWT, IRIEE, 80, 130
(1986).

29) REXE: ARRBEEMOME. HRSEE, 81,
1632-1665 (1977).

30) B EEE, FE—X, KHXE: BEGRLEO
BYFHREN : SREEGEIZ2WT, BIREEE, 86,
970-975 (1982).

31) Kawasaki, K., Yonemura, D., Mukoh, S. &
Tanabe, J.: Hyperosmolarity-induced changes in
the transepithelial potential of the human and frog
retinae. Doc. Ophthalmol. Proc. Ser., 87, 29-33
(1982).

32) M X SREFAFTCNTIEEERLE
DBIWRIG., BIRSEE, 89, 482-497 (1985).

33) M KEE, KNXE, AB—-X: BREEGE:
MEER L EOREMD & DR, HIRSEE, 88, 1492-
1496 (1984).

34) Mukoh, 8., Kawasaki, K., Yonemura, D. &
Tanabe, J.: Hyperosmolarity-induced hyper-
polarization of the membrane potential of the
retinal pigment epithelium. Doc. Ophthalmol., 60,
369-374 (1985).

35) Kawasaki, K., Mukoh, S., Yonemura, D.,
Fujii, S. & Segawa, Y.: Acetazolamide-induced
changes of the membrane potentials of the retinal
pigment epithelial cells. Doc. Ophthalmol., 63, 375-
381 (1986).

36) $THEEF, Fr W, M —F, BTAF: BR
WEMIC L 238EAEO EOG. RS, 30, 1794-1798
(1979).



1020 i

37) Madachi- Yamamoto, S., Yonemura, D. &
Kawasaki, K.: Hyperosmolarity response of
ocular standing potential as a clinical test for
retinal pigment epithelium activity. Normative
data. Doc. Ophthalmol., 57, 153-162 (1984).

38) Yonemura, D., Kawasaki, K. & Madachi-
Yamamoto, S.: Hyperosmolarity response of
ocular standing potential as a clinical test for
retinal pigment epithelium activity. Choroidal
dystrophies. Doc. Ophthalmol., 57, 163-173 (1984).
39) Kawasaki, K., Madachi-Yamamoto, S. &
Yonemura, D.: Hyperosmolarity response of
ocular standing potential as a clinical test for
retinal pigment epithelium activity. Rhegmato-
genous retinal detachment. Doc. Ophthalmol., 57,
175-180 (1984).

40) Kawasaki, K., Madachi-Yamamoto, S. &
Yonemura, D.: Hyperosmolarity response of
ocular standing potential as a clinical test for
retinal pigment epithelium activity. Diabetic
retinopathy. Doc. Ophthalmol., 58, 375-384 (1984).
41) BT, KEKE, AB—*x BEXRBOEX
AT, Stargardt 7R-H BRIRER. BR, 39,
299-303 (1985).

42) AKX, AB—x, ARV &, WWIGEE, W
H O, f R IR ANEFHROBEE
% ArHEESTE, HERESEE, 86, 649-653 (1985).

43) Kawasaki, K., Yonemura, D., Yanagida, T.,
Segawa, Y., Wakabayashi, K., Mukoh, 8., Ishida,
H., Fujii, S. & Takahara, Y.: Suppression of the
hyperosmolarity response after cataract surgery.
Doc. Ophthalmol., 63, 367-373 (1986).

4) EHRHT: FRUEERBESEHEOBEIEERTEN
Biic DT ORI, HEESE, 95, 399-439 (1986).
45) Winkler, B. 8.: The electroretinogram of the
isolated rat retina. Vision Res., 12, 1183-1198 (1972).
46) Tsacopoulus, M., Baker, R., Hamasaki, D. &
David, N. J.: Studies on retinal blood flow regula-
tion : the effect of PaCO, on blood flow, oxygen
availability, oxygen consumption rate and ERG in
monkeys. Exp. Eye Res., 17, 391 (1973).

47) Niemeyer, G., Nagahara, K. & Demant, E.:
Effects of changes in arterial Po, and Pco, on the
electroretinogram in the cat. Invest. Ophthalmol.
Vis. Sci., 23, 678-683 (1982).

48) Linsenmeier, R. A., Mines, A. H. & Stein-
berg, R. H.: Effects of hypoxia and hypercapnia
on the light peak and electroretinogram of the cat,
Invest. Ophthalmol. Vis. Sci., 24, 37-46 (1983).

49) Niemeyer, G. & Steinberg, R. H. : Differenti-
al effects of pCO, and pH on the ERG and light
peak of the perfused cat eye. Vision Res., 24, 275-280
(1984).

50) Dawis, S., Hofmann, H. & Niemeyer, G.:
The electroretinogram, standing potential, and
light peak of the perfused cat eye during acid-base
changes. Vision Res., 25, 1163-1177 (1985).

51) Niemeyer, G.: Acid-base balance affects
electroretinogram b- and c-wave differentially in
the perfused cat eye. Doc. Ophthalmol., 63, 113-120
(1986).

52) Steinberg, R. H., Linsenmeier, R. A. &
Griff, E. R.: Retinal pigment epithelial cell con-
tributions to the electroretinogram and electro-
oculogram. Iz N. N. Osborne & G. J. Chader (eds.),
Progress In Retinal Research, Vol4, p33-66,
Pergamon Press, Oxford, 1985.

53) Steinberg, R. H. & Miller, S. 8.: Transport
and membrane properties of the retinal pigment
epithelium. Iz K. M. Zinn & M. F. Marmor (eds.),
The Retinal Pigment Epithelium, p205-225,
Harvard University Press, Cambridge, 1979.

54) Singer, R. B., Deering, R. C. & Clark, J. K.:
The acute effects in man of a rapid intravenous
infusion of hypertonic sodium bicarbonate solution.
II. Changes in respiration and output of carbon
dioxide. J. Clin. Invest., 35, 245-253 (1956).

55) Oakley, B., II, Miller, S. S. & Steinberg, R.
H.: Effect of intracellular potassium upon the
electrogenic pump of frog retinal pigment epithe-
lium. J. Memb. Biol., 44, 281-307 (1978).

56) Roos, A. & Boron, W. F.: Intracellular pH.
Physiol. Rev., 61, 296-434 (1981).

57) Green, W. R.: Primary pigmentary degenera-
tion of the retina. I» W. H. Spencer (ed.), Ophthal-
mic Pathology: An Atlas and Textbook, pl210-
1219, W. B. Saunders Company, Philaderphia, 1985.
58) MEIIRAY: KEAERF Y VA (0 sl A% 21 2
£ EHEOBRHRIGE 2 OBRGA. 11, E¥RES
VRIRIZ BT 2 ME, TEERE 96, 1022-1041(1987).




NaHCO, i2x4¥ 2 #fE e % LK OBRWRIE 1021

Electrical Response of the Retinal Pigment Epithelium to Sodium Bicarbonate (1)
Experimental Studies in Animals Yasunori Segawa, Department of Ophthalmology, School
of Medicine, Kanazawa University, Kanazawa 920—J. Juzen Med. Soc., 96, 1008 —1021(1987)
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Abstract

The present study was performed to examine the effect of an intravenous injection of NaHCO,
on the ocular standing potential and to elucidate the mechanisms involved in the generation of the
effect. In the dark, the in vivo ocular standing potential of cats and rabbits was decreased by an
intravenous injection of isotonic 1.4% NaHCO, solution. In vitro, the electrical potential across
cat retinal pigment epithelium (RPE)-choroid preparation (trans-epithelial potential, TEP)
decreased by raising the HCOj concentration ([HCO3]) in the basal solution (the solution facing
the choroid) and increased by raising [HCO3] in the apical solution (the solution facing the
apical surface of the RPE). In addition, the electrical potential across the anterior segment
(consisting of the cornea, the iris, the ciliary body and the lens) of the excised cat eye was not
affected by raising [HCO3] in the vitreous side. The electrical potential across isolated retina
increased transiently by raising [HCO3] in the vitreous side and was not affected by raising

[HCOg3] in the receptor side. The in vitro decrease of TEP resulting from the elevation of basal

[HCO3] coincided with an in vivo decrease in the standing potential resulting from an
intravenous injection of 1.4% NaHCO, solution. Therefore the decrease of the standing potential
induced by an intravenous injection of 1.4% NaHCO, solution occurred chiefly as a result of
elevating the [HCO3] on the basal side of the RPE. Hereafter the 1.4% NaHCO, response is
defined as a decrease in the standing potential induced by an intravenous injection of 1.4%
NaHCO;. Intracellular recordings from the RPE were made in cat RPE-choroid preparation to
investigate whether the decrease in TEP resulting from elevating the basal [HCO3;] occurred at
either the apical or basal membrane or across the paracellular shunt. Elevating basal [HCO3]
depolarized the apical membrane more than the basal membrane, and led to a decrease in TEP.
These findings suggest that the decrease in TEP induced by elevating basal [HCO;3;] was
primarily due to changes in the membrane potentials of the RPE celis and not to changes in the
paracellular shunt. It was concluded that the 1.4% NaHCO, response is initiated as a result of the
increase in the [HCO3;] on the basal side of the RPE and that it is mainly generated by a
depolarization of the apical membrane of the RPE cells.



