An In-vitro Study on the Hyperosmolarity
Response from chick Retinal Pigment Epithelium
—An Intracellular Microelectrode Approach—
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REEDEAE I 3 OEBMEMEE B EE LK (retinal pigment epithelium, RPE) & — &
BEAOEIHMECS LIZTHREMEL 72, JEXAIBIC & 2 RPE BARE R L U TEREICE L
bNIBRELCEDRIIEL S LEZ SN2 BEEHECEMNL - EEFAROES T ImR~Te .
LEEAORIINT 5EES LU RPE MBOEBLKWEE L, BB & 72 3 IREBE O R g
28mM = b EMZAS I (FRENEFHRAEEEEARN 2 - 3RS BAEESEEAT) o & -
TESNREEAEIZ L - TELLE. T2 RAREEREAH G, WEEEL I s 0B
(trans-neural retinal potential, Vi) #%2 % Z &% < RPE E# 3 & B\ (trans-epithelial potential,
TEP) 2R & ¥ Z OFEREAR %13 & DB (trans-tissue potential, TTP) b WA & ¢, A2 28 HE
SUEHL (total tissue resistance, Rror) %984 8¢, RPE ~— 4 LSBT # BisE S ¢, RPE fiEES
Eiitka (RPE 7€ VEESEN/RPE R— ¥ VEBSIEN) # LR s, Au—PIHIRIEST 2 3
Z&% < RPE ¢ WiRIBR A S ¢ ZOFBEMBEER (electroretinogram, ERG) ¢ IIFIE gk 2 ¥
RPE c HOEFRTHS & 250 RPE 7 ¥ A LV EBRIMBOFER L RBs . LLOERIT, BTHEA
BREEAMNIE RPE =¥ VEBESERZHA S 42 Z 20 o L b BB BE s L. RGHE
BEREEAMIT, Ve2EZ22 2% TEP 2RV S ZDHEE TIP 2B 2 ¥, R FHEKRE
¥, RPE filafEESREbitta 28 T &€, Au—PIHRIE*% 22 - L% < RPEc BIFELHEs ¢
ZORR ERG c BiRE2 RS 7. LEOERIT, MWEHEASREEERIT RPE x—# 1L 8B ST
REWEMES L2 LEZNIT Lo L VHRICHB I, BTE, IREEOLFAOMOERETER
ERG HBA % BT & ¥ 1o WHEF O % @BE AT ERG ¢ 5 X UBEAD RIS a@w %
BREEEGH LD YREELES RPE 28T 2 LRODRORIIZNER 2 L aSHBIL 72 . AR
%wEEEEM@mfn@ﬁﬁTﬁoTbiuIWE&—W»&LW%L,moEMGmmiME«—
FUVEERERAOELEHBIIRMT 2 Z L 2S00, X5 I HKNERETGE I SRS
=N A

Key words electroretinogram, osmotic gradient, retinal pigment epithelium,
membrane potential, chick
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Abbreviations : ERG, electroretinogram : i intraretinal extracellular current; R, apical
membrane resistance ; R, basal membrane resistance ; RPE, retinal pigment epithelium ; Ry,
intraretinal extracelluar resistance ; Ry, retinal pigment epithelial resistance ; Rs, paracellular
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LT ERBENE SRR EMMAIE"S, BK
FEEMEEEY, @E ARSI, BRAE, £ oft
ORIREEEA™ LAHNERMEY 250 TLE
LIEREAET2 L 2RML L. BREELEZH
ekt EEREETMM T 2 ik L CHEER
(electroretinogram, ERG) ¢ # > BIBA™ 0 L (LR %
DRI AEDEL L 00T, WEEECEL 0K
HUrESEEE A TCEBEAR LEBOREEHNS
R2LLIHIREEETS. AYE Y Tl OERAKG
= B — IRAEEEAR DMREE EANZ 100mOsm (v =
F— 100mM I OEREEE AR L, FRRF
EMERYBIVE MIBUAEBRELICEY L HE
WOEMELETHEL . AR TLRIEREELE
ORERELBMEMIRTH>LIZT 2 2 2HHWE
LT, 100mOsm A& xsFHLA2E MIHVWS RS
BEEOBREOERBEEAN 2B LAV TLIIE
BRI - SR LB - RS AT A&
BEFAFOBELFAN:. I oxszZ3RA
TAHE MR REHDSNAZABMAEET S L VLI H
T, HIMWL HRTE MIB I L2EREELEDOR
HeEET20II8T 5. SR THLE 2 oW
B - AR EEE - REEEEIDR LS T
HO3O0FEEETS. TRbL IOELTIROR
E R BEHEE ERG S0 l8ETH D ERGe B LU
BEEAOCIEORANAETSH S, HERNIIHEEAR
FREREERECHERV SN T 22, BMEY
OBEEMEAE - EEAR LEE - REEERKIIS
TRABAOEZROREIH THS . OHBETHE (#
MEEEEEE LD L MREERIC S 2 R & R
OB AZER) N L UHEIEER E KA SO
FAMNBBRIZ L 2 ENEHS L URETERICEE
24X CBEOA A ERES T ABUNEREIZ X B H
EVTRETHL. QUM TNEERELOERE »HE
TEETE L. AT L I o EEEMEEE - RER
# ERE - PRASEEA D T REN 7 7 AMNE G
FEVT, Tk MIBALSHABREIIENOEE
DEBEEARIC L - T4 U 2 OF R EE — fE
BEEEE - RGEER 2138 BN (trans-tissue
potential, TTP) D& 2 MEEE LB HROK DT
L REERROR S L T TR, 5120
[ E NS S A MNEREIC L D EEARE
KRBHERDES 2 BT 2 BEEE LB

fbx A~ FC@OEEaRE ERBRRICY 7 2y
INEBAERAL RETERERREE - EOK LK
B - IREEEAL 3 S D HAONMEAEEREAHT 2
12X o THBER R R AR LB - RS ER
SEROBLREN L RO FEHREERERO%E
2N, @F%IZ ERG ¢ B JUBHERIIB XIZT
EEETFEWMORELEETEAY 7 AMIER, B
BFRENK A A4 By 5 ABNERE L S CIZfK
R FEHBEN T S ARNEREHOL TR,

BEBLUFE
I . ERERF*®
i 2 ~12B 0 BREB (Gallus domestics) & 3
276 E AV, ZRY D H LR OEEREEEFHT
HEHIT, ¥ rREEHERT (1 500 lux) THIER
D%, HSMORIELES5 2 EERBRETIZL2
FREE T CHEELIREK AR L7:. ML -RRE Al
FFLU Ty 7 /77 v — bREER (R—i-
KrF7or7r7 7R NEEE, KR) TERYY
HURKEROBEIZEEL:. HEEYDHLADK
AN IBEE R (AL ¢ 120. 0mM NaCl, 25.0mM
NaHCOs, 25.0mM Glucose, 5.0mM KCI, 3.0mM
MgCl,, 1.8mM CaCl,. Sigma Chemical Company,
St. Louis, MO, 7 A Y » &RE) THi/z L, ERER
1295% 0.— 5% CO.BE&RIEBEHREER L, BRE
FEFE—5— (BEMEE) T6x 1°CicRb, 20
pH #7.50£0. 05D &I R -7z, REREFERT O H
L BB RIZEE L 7, B ELIEEE L RN
TT, o UsbiEmEREL TELETEAL
THREEEZRIBL %2 0 & 5 2 A B c 4y 3x
3mm OMEEEEER L. BERLVIRBMENT Y
o TR 7] & SEAE L ARIERE - ORICHRAL T, 3L
AYTRTOBEAGLUREEE2EH s ¢ Bd
sSHEREEE SRR 8 TR TERIL, 2080 oR
BB Ty 7 KELRETI £/ A L TH 5X5mm O#
AR — R A B - IR AR £ ET ) L
7o, ERERIEH 2 > ISR £ TORMAEN 28
2k, BRI AR LK - I SRR
DHLOS WIZHEREEDBQREB (A7 v T 17
FFEFLwvar®rEzsng) BLITLITHEES
A7z, G0 H L e e — At 3R R IR
WHEEAL B TS AFy 74— b (HOXBEER

shunt resistance: Rryor, total tissue resistance; TEP, trans-epithelial potential ; TTP,
nm&mmmpmmﬁm;V%aMwlmammmepmamm;V@,wkﬂnmmhmebmmw;Vw
basal membrane potential ; V'w, basal membrane battery; Vs, trans-neural retinal potential
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L— DD b ERERE R — AR KB - IR
EECEERETAAD T — M ER R AEICER
Lwd 3, EE 10mm TEERZMLTHME R 3
FHIzJEALTY OFSEROMEBED 52> U DL T
Bl Mk, EEEEEE - ARG LK E - RE
BEAD2E DD bARMFERICEL TH-fl2HTF
), BECEL ORI RREER RS S, S
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NIz E LA ERE Y Y 2 EE YY) — 2 (High
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L, REEMEFMABE2HOTEMBET CHEE L
FBHEZEROTDHLETR L, EREOCRE 2 HE
IZEEL (EED), BRSO Me™ BE R HEAE <
(3.0mM) T3 Zritd»7T, HHARHAE -BEEE
REEBE-REBERERIZEI AL vy Ty > 77
TryvearREEFHTLILNTERY, ERA
BRI 7Ly T4 777 Ly varndklinge
I ZFOEREFREFTOM RN SEAAL.
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Fx V8= EROMFEAB & CIRGEANC 20
ZRHEORALE MHAEB L. BREOTKAL
BEMZE o7 EREMEEE - REaREERE -k
BEREAROHFFEB & CIRISERIZ 7 7 Y L
T =D EBL TENENEFEES & CIRISE
BloOERMBWITHE L7z (EMMEREI L $120.07cm?. ¥
FARRI B & OB A R (R oD 8 ¥R Nk P ek A — S
BREEE-REBEER B L U7 70 s L —
FTRTONTWAEDT, HERMNICEL 3 BRI
PIDEZ2Z LHARETH 7. BRI — 4R
BELEE-IREBEEROL DY IZEBRE 7 4 VA
(ParafilmR, American Can Company, Neenah, WI,
TAYAERE) FIRIAFRETIMFEE & IRE
BEEDF x> — (2 DOEKIE 1. Tm)) Mo BEIER
H100k QB EB o720 S, BEFEREB & U IR R
F 2y N—ROBEKWGG I R EEEE - BEaEs

7 DC Heat
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Source
Fig.1. Scheme of the perfusing and recording system. The perfusing apparatus

was identical for both of the vitreal and choroidal chambers. The microdrive is
not illustrated here. The perfusing chamber, the microdrive, the reservoirs and a
constant current source for trans-tissue current passing were placed in an
electromagnetic shield cage. Perfusates were gravity-fed, constantly bubbled with
95% 0.—5% CO, gas and heated by DC-heaters to yield a stable temperature of
36+1°C and a pH of 7.50%+0.05. For abbreviations, see the legend for Fig. 2.
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TEEB-IREEEROBRIEN (2~3 k0, KiEz
ZR) I LTHRTHo/z LWL B,
FAREORBEE L UF = v S —HRATLOERNIZB W
TEfRE -7 — (EEE) AV THXKBEROER
WRE %36t 1°Cloffo7. EMKEENMCUTT
BAFVYTF 4757y ary, 3°CULETIR
MR DAFE L 7. BRI O BERIRIZ95% O.—
5% CO. BEKBTECES SN, ZOpH 127.50%
0.05TREL TWwiz.
BEFAE & REEMOF = > S—DuFhh—H &
RREAAFOERER2=ZAEREN L TCEREEEE
BBRIZDWTIRER) WDz - ZHBEREER
ZEID#Z 3 L RPICL T R I BRI RALME
WLEIDEZ BRDF = > N —DERIEEHN T3 5
5, HIAMNEBESRELE FRMBREANCRRESH
T RECHETREIBRFOERBEDOETICLS
WHHRRE - EEAR LRE - REEEROE %
BARIZT 2~ BBICETEETo 7. AEBRTHY
SNTEFHEED. 4ml/ 5k, ELIIC & 2 R R
—EEaR EEE - REEEROMB S RE 2L
WRAKDHEE THo7. MALLERENF = /39—
AOEFRR L FPMIZRU % L RETHIE, FIH%10
BRTEDORN.5BBANEZ SND LFHEI N B,
KRIC R TREOBEMSRET 2 RIS EEEL
72 (K3, 4, 10, 11).
BREEEBHIMEERKIC = b~ (Sigma
Chemical Company) 27T %2 Z L TH SNz, SR
EFi g o P BRI = b — %10, 25,
50, 7243 100mM HML - HREFBFROEZRICE
O HEBEEERER, #hZFn306~308, 315~318,
329~333, 351~358, 400~408mOsm TH > 7z
(Advanced Wide Range Osmometer-3W, Advanced
Instruments, Neehan Heights, MA, 7 2 U # &R
E). 2oL CHBERES L UVEREEBROR
BERAESLT L —E TR >20T, KT
NBERBCERL-v= =10 mM ¥E2EE L
MEERKEBREEFREOBREEE O mOsm #
EREL:. FRABREERKREERT A L2ER
BEAREEHRLL. iz, WRARRERKEELT
SHEERKIC= =1 % 25mM KB L - BERE
EBEE B IREEAERT & L O REREERYL
1B E R FEAE 25mOsm BiEE L AR & R L 72,
Sato ™ B LUK &2z L iE, I3 OB
B -EEAR LEE - IREERATEER ERG
CHEBLLDIZREADOTAEIK »2 D OBBEEE
B FEFEMANC 480mOsm, JREGEER1Z 490mOsm) %

BRTHLERH o). L LABOEeEy

B & UTHSEER 5 ~1070OBHBRR B3 $M Iz b o7
BHRCEHRE DT, HEY™ OHTEEER L,
hoiz.

BAIOHEKEMET 280, BREMEEE - @Ee
REFEE-IRIEBIERE F = >V — [ 5EHE URE s
WEFRLIZIRET 2 ~ 3REORIES 2L 72
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Nuoy v EBER 12V, 24W, Osram HBO,
Miinich, FA V) & DHEKEH, KENTHE7 4
NE—BIUVIROENRLY Y XN LT, BHEER
BE-EEaRLEE - REEFERCEE L GiE
6.0X%X 10"°W/cm? Radiometer LM-301, National
Biological Corporation, Cleaveland, OH, 7 XV # &%
E). BHBRAKOEEIC IR 3~ 5 S0 XHEs
1R 212, ERG c BESHk I i3 RefERER 4 ~ 1580
KRB E 5 ~15F T L5 2. BHRFICA Ly
Fay ST TV ey ayEELCRERERNOMNGS
BN L. WETERS & CHEGSS LERENE
(IECERA A o AMINERIEZ, NR0.5mm OF 7 AE
(Omega Dot Glass Company of America, Millville,
NJ, 7AV 2 &ERE) LD EEZT 7 — (Model P-77,
Sutter Instruments, San Francisco, CA, 7 2V ¥ &%
E) #BuwT~vA4 7oy »BERLAKIZ 5.0M
OB H ) v a2t Ik TESR. ¥7
ABUNEBD A ¥ —F v ANEEASE EEMRNE
FRFHICIZ80~100M Q iz, MEETRENE&EMA ICE 5~
10MQIZ% 5 &3, 79 AMNEED kil EER
EELER (Model BV-10, Sutter Instruments) 2 THEL
f2. KA A4 VBIREAS 5 AMNERIZUTOHETE
St BRRXOWNEM 0.5mm THBEF 7 AE
(Omega Dot Glass Company of America) & ) EE7
Z— (BTH) 2RAVWTZE~Y 4 7oy b E2ERL,
0 —F O WKz ME # E (Sigma Chemical
Company) $112 2 YOBETI I AFLITT LT
(Sigma Chemical Company) %8 U 7-i&# &L,
190°C, SEFfIOMBACHE(LEFR TR b
YAFALZTT YT O REHSTHRE R OREC
IR K 4 A > 3THEAE (No. 47731, Comning Medic-
al and Scientific) & ¥R\ THBEFHERE, b —D
PRGN IR IR O & 2 iz L7z .

MUNERE D S OBAIMELBEE L T, BT
B X UREERODF « > N —HNOBE» &> DB
BB S SR o EREH L LR 2 FY
VFa—7, BFEY Y Y AR L ERA T
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AAEB L UVHEE—KBREBLNLT, ThELE
AfA Y E—F YA (1.0X10%0) EEREIER (Model
1090, Winston Electronics, San Francisco, CA, 7 #
Y reRE) 8N, BETHERNS L UREEAR
RN T ABUNEB OB T AR £ 2R
gD F = N — OB EFEEL L TEEBEEZN
(Model 2442, Tectronics, Beaverton, OR, 7 X Y » &
#E), KA AV BEREY 7 ABEOK 1 4 >~
AT E N NBOEMIZK A 1+ > TSGR

EhTOuROABOEM LOM TEHEEI L
(Model 2442, Tectronics). # 7 A BU/NEBLIHKOALIE
BREOAERTHA SN MMRBLUAE, V. #
NEBEMISAESR). DRI BT, EER
4w wAa—7 (Model 5111, Tectronics) 8 X UM #
N> L 2 — % — (Brush 220, Gould Instruments,
Cleaveland, OH, 7 X ) 2 &%®E) it R&h, FM
7 —% L a—%— (DC~250Hz, Racal 4DS, Racal
Records LTD., Southampton, HE) IZiffEs . B
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Choroid

Fig. 2.

Recording configurations and equivalent circuit of the neural retina-retinal

pigment epithelium (RPE)-choroid tissue. The microelectrode was advanced into
the tissue from the vitreal side. The vitreal reference electrode, the subretinal
microelectrode, the intra-RPE microelectrode and the choroidal reference electrode
correspond to the Positions 1, 2, 3 and 4 in the equivalent circuit (right),
respectively. The potential of the microelectrode was referred to the vitreal or
choroidal reference electrode. The electrodes for trans-tissue current passing were
placed at Positions 1 and 4. Regarding the equivalent circuit, see text for proper
equations. Upward deflections in the following figures indicate positivity of the
arrowhead in reference to the other end of the arrow. Note that the potential of
the microelectrode in reference to the vitreal reference electrode (Vi or Vet Vi)
was displayed with an opposite polarity to that of the TTP, TEP or V., since the
direction of the measurement is opposite. The electroretinogram (ERG) was
defined as a change of the TTP in response to a photic stimulus. i, intraretinal

extracellular current: Rg, apical membrane resistance :

resistance : Rg,

intraretinal extracellular resistance: R,,

R, basal membrane
paracellular shunt

resistance : TTP, trans-tissue potential: TEP, trans-epithelial potential: V, apical

membrane potential: Vg,

apical membrane battery: Vi,

basal membrane

potential : V', basal membrane battery and Vg, trans-neural retinal potential.
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Eahrkm&ERT 4«95 VER{ &1 (PDP11/30,
Digital Equipment Corporation, Malboro, MA, 7 * Y
AERE) s, XY Yo v ¥ — (Model 4662,
Tectronics) T & 17z, BROMAFIO F = > /=12
IFEMEHA L BRI - BERAER (PRI R
ERRCERL REREF LX) 2 FL v Fa—
7)EBREL, WWOEEEER (EH) L h10MQD
BT, BRES L MBS Y Y ABEER L
TERRAY 2 ABEH/ENL THTEAID 5 IRGERNC
MA»51.0x A, HBFEEMIWOEENREE+EET
oz,

IV, EEEEER

X 2 BRI - R AR - EE - IR A
OEANB & OCEMERES £ R7 . BREHEEE -
BEERLEE-REEERE2IISATEOINIEBNT
H5 TTP I3HRREEEROK ST H 3 BHZEHRE
fif (trans-neural retinal potential, Vg & {@E@EE K
BHRXOKRSTHIRHEMEERE LKBEEN (trans-
epithelial potential, TEP) & THE &1, #BETEEIZ
HoAMNBBERATSZ Z LI X - THEEIEBIE
ks s, TTP OXREIC X 2 %12 ERG L E#&
Eha.

HEAECEAER  BENMEERO EE P
§ a7 —-HROZENERER L &R MAE M
M4 E T (intraretinal extracellular current, ip) %5| &
RIT. h2HEEEA A ERES (intraretinal
extracellular resistance, Ry OTIG CTETL2EERET
W Ve TH5.

WEGRLEBI 1EBEOMIEC L2 LEOHEE
ThHY, FMEKAICIE 1IEOMRLELTERbT I L
BTED. PEAKEEERMOBES 1 Yy
Vo3 v MR - TRAE IR A A LR E SRR
(paracellular shunt resistance, R) #E 7 % . {EEGER
EEBMEES A R Y ey 2y a Y BEICL THERE
[EIWZE T 27 4 (apical) & & IRIGIEIZE T2 X —
A (basal) Brizrdohs. PTEANLEDOELRN
WEHIZ7 €4 LVERESD (apical membrane battery,
Vo EZNREFCERINZTEAVEER
(apical membrane resistance, Ry) i2& > TEb & h,
R—PFVEOBIHNEE IR -V VELES (basal
membrane battery, V'w) & -~ — L #K  (basal
membrane resistance, Rw) 12 & 2 TEbEN 2. Vi
BEU Vield 3EAOEN Rey RuB LU ReENL
T, BEHSh2EEMNELTOTED NVEEN
(apical membrane potential, V) 8 & U —H L EE
fiz (basal membrane potential, V) 252 5% .

7 AMNEED» SEHZI NS BEMREICTEES
ENTAELLTRTEND DS, MFEATEEE
KT B4 T AMUNERBDOBN (X7 AM/NEE S
BETECZH DI Ve, BEREEIEREN S,
BRZIE Vet V) 13 TTP, TEP 8 X U Vu® Bl L i3
WrEECHESNS (M2, REBE). ZhizgE,
TR2»sEBHENAREUTIZFET 5.

TTP=TEP-V: . m
TEP:Vba'—Vap """ (2)
(Rt Ru)V'et Rt V' ‘
® RetRoRu "
(Re+ R V'iat Reat V'
Vg=—r—m—mmm (4)
Ropt+ Rt Rea

HENZHB), WERAAT D &

Rs(V’bs'— V’au)
TEp =77+ e 8)
Ret Rt R

44 EHEMZ LORAIZED Ve 28 Vet
Ve 3 TELL, 2RIEET S Ve Ve B LU
TEP 0ZbtS % # N FNAVe, AVeB X UATEP
i, RB), WB X UTEIRALT,

R+ RWAV’
A Vap:_._(—“’)__.i_ ...... )
Rapt Rst+ Roa
R AV’
AVg=———=———— (M
Ret Ri+Rea
Re AV’
ATEP=—"7—""7— = e 8
Ra+ Rst+ Rea

FHIZ Vi d Vet AV £ TERELIEEILHE,

R AV’
AVgzs—m— ———————— (@)
Ru+ R+ R
AV.u= RARJAV "
Ryt Rt Ris
Re AV'ia
ATEP=—T—"— i
Re+ R+ Rie
nESND.

F - - AR E R - IR 2
%13 & DIEHT (total tissue resistance, Rror), #BIEE
= EEE YIS D (retinal pigment epithelial
resistance, Reer), R, Rep Ru, # & U8 Rs & OREIZEN
ORI R AvA R

RTOT: Raps‘l' Re e 0

PRI BT 2 AR £ T B 5 A bV Y
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syaYRBEELEZOLD S, RemPRe THE. £oT

Rior= Reee
(Rap+ RuaRs

e Rt Ruat Rs
{§:%ﬁéﬁiﬁmmﬁﬁmmaaﬁﬁ7nw
55 ABUNEAEE I AR R L 7R
CRFES & IR = 5 S — 2B
A L C N — WA 3% T — AR I
pirs CERAEES 25 L, IS 3 & LB
FBEU Re 28 Ry BEL U R CHERTEFETELR
MU= R LAY

45 A BUNEE £ IS TR L 0 MO BERT
7 AR L AR £ o BO BT
:%L=ﬂﬁé£t&ﬂﬁﬁﬁmma ~~~~~~ 1

ba

BRIZT 5.

kB, EETHERNICY I AM/INERB%HRIA L TR
Er5z 2Bz, ERG e Iz 2 & 2 72 BrfEHE
BEFRFOENMY TEP (59, M7 HE, Ki4t
B)BEU Ve (5 TE, M7 TFHE, MU4TE) ORA
KEbhAZ Ao TED, UTTRAEL L
BEEEINEFAEEARE LR CEB LU Ao —PI®
LMY, ERG ¢ EXFT 5.

V. BUNBEEMRRAE

TEP BRI TEEL 2, V7 AMNEBLEF
HEE D MANEBREKEERE (Hydraulic Microdrive
MD-1, David Kopf Instruments, Galveston, TX, 7 x
VAERE) &> THRBETENZ 2 3HEBEOR E&
BEACHIAL 72, 75 ABUNERE B OMIE £ LI
DEIIZLTHEL .

Ol AR MR — RS (3R b B — RS IERE R & 13
SUERBECL2BEBRTDIZEA ST S AN
BB RSB THEER L oMz E L, @XHlE:
$oTH T ABNER & IR E TR EE » R
ERG a iz 42 k5 xR G2 R b T,
ERG ¢ BORMHBIC WIS T 2 BRSO A
BEN, QFOMEL D L10~20 MEEE HIE S ¢
DN AMNBEEMABL SEBL, @Y 5 A
BRI AR & D $200~300 1 MRS NS
RMAENT LB L LI RMEST T8N L 212
B, A7 ABUNEBRB OIS TR T RN (K24, 2
DUE) CH2 LHEWL 72, ®F 5 ABNEHEERE A
LROFEIT L - THBETENIZS S & L%,

®#F 7 AMUNEEA & 51220~30 2 mRE BEEC [
o THMELZREIZH D, OBEDREH2 W3 EE
REEOMEIZ LD RIRICHEL - TH I AMNERE
UPBEE It mV B, @XABIC L > TH
mV B&EAAENCE < ERG ¢ BORMR@ICHIET 5
BIRRIDED Y 7 AMNEB» 508 sh, O» o
Bt - R ER LB - IREEER s s b E
WEEIZ & 2 47 AM/NER — i FEAAFE B
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Fig.3. Effects of a vitreal hyperosmolarity on
the TTP, TEP and V. The microelectrode was
placed in the subretinal space (Position 2
Fig. 2, right). The TTP, TEP and Vi were
simultaneously recorded. At the arrow (upper
left), the vitreal perfusate was switched from
the control perfusate to the one containing 25
mM mannitol. See the legend of Fig. 2 for
ahbraviations in this and following figures.
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Fig.4. Effects of a vitreal hyperosmolarity on
the TTP and the intracellular potentials of the
RPE. The microelectrode was placed in the
RPE cell soma (Position 3, Fig. 2, right). At the
arrow (upper left), the vitreal perfusate was
switched from the control perfusate to the one
containing 25 mM mannitol. The TTP, Vi and
Vet Vi were simultaneously recorded.
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Fig.5. Effects of a vitreal hyperosmolarity on the light peak on the DC-ERG and
the extracellular potentials (TEP, V. The microelectrode was placed in the
subretinal space (Position 2, Fig. 2, right). The left portion shows the control
responses recorded when the TTP was stabilized with the control perfusate on
both sides of the tissue (likewise in Figs. 6, 7, 8, 14 and 15): the right portion
shows the test responses recorded 90 min after the vitreal perfusate was switched
from the control perfusate to the one containing 25 mM mannitol. The traces
ended just before the off-set of the illumination. The photic stimuli (white light :
duration, 300 sec: intensity, 6.0 X10°°* W/cm? were delivered at an interval of 60
min. Rectangular marks at the bottom designate the photic stimuli, the elevated
portion of the horizontal bar showing the period of illumination (likewise in Figs.
6,7, 8,9, 12, 13, 14, 15 and 16). A distinct b-wave was not displayed because of
its rapid time course and relatively small amplitude. The a-wave in the Vi was
absent because of the digitization dropout in this figure and in Fig. 14.
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Fig.6. Effects of a vitreal hyperosmolarity on the light peak of the DC-ERG and
the intracellular responses of the RPE. The microelectrode was placed in the RPE
cell soma (Position 3, Fig. 2, right). The left portion shows the control responses :
the right portion shows the test responses recorded 30 min after the vitreal
perfusate was switched from the control perfusate to the one containing 25 mM
mannitol. The illumination was the same as in Fig. 5. The intracellular recordings
of the control and the test responses were obtained from different cells.
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Effects of a vitreal hyperosmolarity on the c-wave of the DC-ERG and the

extracellular potentials. The recording configurations were the same as in Fig. 5.
The left portion shows the control responses: the right portion shows the test
responses recorded 30 min after the vitreal perfusate was switched from the
control perfusate to the one containing 25 mM mannitol. Photic stimuli (white
light : duration, 15 sec : intensity, 6.0x107° W/cm? were delivered at an interval
of 15 min. The a- and d-waves on the Vi recording were dropped out during
digitization. The b-wave was lost in this figure and in Fig. 8 because of the
relatively high concentrations of K* and Mg? in the control perfusate (5.0 and

3.0 mM, respectively).
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Fig.8. Effects of a vitreal hyperosmolarity on the c-wave of the DC-ERG and the
intracelluar responses of the RPE. The recording configurations were the same as
in Fig. 6. The left portion shows the control responses: the right portion shows
the test responses recorded 25 min after the vitreal perfusate was switched from
the control perfusate to the one containing 25 mM mannitol. Photic stimuli (white
light : duration, 10 sec : intensity, 6.0X10~* W/cm? were delivered at an interval

of 10 min.




b3 ofEeR ERRREECOSREEISE 921

1, R 25m0sm SREXEMAT, AP, &F
gTEh®Fh 0.21ImV, 0.36mV, 0.28mV ¥ X f
8.1mV, 8.1mV, 8.6mV TH D (ZhZ#n 9 FEE
hEB L ULREPE), BFANIZ SXNTARFFIZ
1t ERG ¢ BHRIBIZER L2 DIC L THETREK 1
FVBETLOBRERIBLALEDS Lo, ©Z
CRETFEE 25mOsm BIREERM Iz, AR &
RAEEOWETHKA 7V BEETICNT 2 AV, 2
gL (08 FEA), ATEP (=fEGE LK c BIE
ig) »HEAL (E7HEA), ERG c IREsSEAT 2
@7 LEE) Z sk,

II. RiFEASRELATT

PRisEE 10mOsm FREEERIZ TTP B U
ERG wEHEMOHAELET S S b7 (H
). TTP 24580 50mOsm BEEFE&FTE+ 52172 1
BTk 8.0mV » 5 2.8mV 1z, FREGEME 100mOsm
EREEAWAEG 272 16ITI 7.9mV » 35 1.0mV
2, EHICHHAMIZET L (). DR R
25mOsm BHREE AR LT /210, 25, 508 L U
100mOsm DIREHEHEREEETD 3 b T3, BHR

HeaHMEE b > T TTP 8 LU ERG OEL & &
LEzb 2t bEVWREOEREEARNTH 1O T,

FIRAEER 25mOsm BRBEREEFOMRIZDOVT
B, PRASEERI 50mOsm # & U8 100mOsm FiZEE
EWOMRETHT 2. HIOZREER 25mOsm &
BEEEWTD TTP, TEP 8L U Vi xB LiZT58
ZART . FRIGEEM 25mOsm BiET &S (KM104£
ERED) %9145 T TTP 124 4.9mV ®A L 7= (10
LE). TTP 0 @4 iz TEP ORFA & 7213 Ve DRIz
HELS 2 (X)) WETEAYS AMNEEEH
D EERRIT & MIEIRAERER] 25mOsm &R EE &R I
E-T TEP @HA L (HM109E8), Vaidid e A CEL
Limor: (KI0FER). © 2 IZIREEEA 25mOsm &
BETATZL 3 TTP OFi4: TEP DBz #Hg
Lizewz 3. TabblEFEH 25mOsm BiREE
B (K 3) & ARCIRIGER 25m0sm BiREE &H
DHROFELPEARLEBTHSL Z LT EA
7z. WREGEER] 25mOsm HEEFEATHS L VAR F
O TTP OFEHE+ERFERIENENT7.6+1.5mV
m=11) BL VU 3.7x1.6mV (n=11) T, AT & A%

VOV

ERG A /J\ A 0.5mVv
I S N S 1

5 sec

Fig.9. Light-evoked changes of the subretinal extracellular K* concentration and

the c-wave of the DC-ERG before (left), during (middle) and after (right) a vitreal
hyperosmolarity. A K*-sensitive electrode was placed in the subretinal space
(Position 2, Fig. 2, right). Changes of subretinal extracellular K* concentration was
expressed by the changes of the difference between the potentials of K*-sensitive
and reference barrels (Vx*). A downward deflection in the V' traces means a
decrease in the K' concentration. Photic stimuli (white light: duration, 4 sec:
intensity, 6.0x10* W/cm? were delivered at an interval of 5 min. The responses
were obtained when the TTP was stabilized with the control perfusate on both
side of the tissue (left), 15 min after the vitreal perfusate was switched from the
control perfusate to the one containing 25 mM mannitol (middle) and 10 min after
the vitreal perfusate was retummed to the control one again (right). A 10-mV
change in the V' equals approximately to a 2.5-mM change in the subretinal K*
concentration.
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Fig.10. Effects of a choroidal hyperosmolarity on
the TTP, TEP and V. The recording configu-
rations were the same as in Fig. 3. At the arrow
(upper left) the choroidal perfusate was switc-
hed from the control perfusate to the one
containing 25 mM mannitol.
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Fig.11. Effects of a choroidal hyperosmolarity on
the TTP and the intracellular potentials of the
RPE. The recording configurations were the
same as in Fig. 4. At the arrow (upper left)
the choroidal perfusate was switched from the
control perfusate to the one containing 25 mM
mannitol.
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Fig.12. Effects of a moderately high choroidal
hyperosmolarity on the light peak and the
c-wave of the DC-ERG. Only the ERGs are
shown. The illumination was the same as in
Fig. 5. The top, middle and bottom responses
were recorded when the TTP was stabilized
with the control perfusate on both sides of the
tissue, 30 min after the choroidal perfusate was
switched to the one containing 50 mM manni-
tol and 90 min after the chorcidal perfusate
was returned to the control one again, respect-
ively.
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Fig. 13. Effects of a high choroidal hyperosmolari-
ty on the light peak and the c-wave of the
DC-ERG. Only the ERGs are shown. The top,
middle and bottom responses were recorded
when the TTP was stabilized with the control
perfusate on both sides of the tissue, 50 min
after the choroidal perfusate was switched to
the one containing 100 mM mannitol and 90
min after the choroidal perfusate was switched
to the control one again, respectively. Photic
stimuli (white light : duration, 180 sec: intensi-
ty, 6.0X10"° W/cm? were delivered at an
interval of 60 min.
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Fig. 14. Effects of a choroidal hyperosmolarity on
the DC-ERG (the c-wave, the light-peak) and
the extracellular potentials (TEP, Vg). The
recording configurations and the illumination
were the same as in Fig. 5. The left portion
shows the control responses: the right portion
shows the test responses recorded 90 min after
the choroidal perfusate was switched from the
control perfusate to the one containing 25 mM
mannitol.
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Fig. 15. Effects of a choroidal hyperosmolarity on the DC-ERG (the c-wave, the
light peak) and the intracellular responses of the RPE. The recording configurati-
ons and the illumination were the same as in Fig. 6. The left portion shows the
control responses: the right portion shows the test responses recorded 50 min
after the choroidal perfusate was switched from the control one to the one
containing 25 mM mannitol. The control and the test responses were obtained

from different cells.
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Fig.16. Comparison of the effects of unilateral
(vitreal or choroidal) and bilateral (both vitreal
and choroidal) hyperosmolarities on the DC-ERG.
Only the ERGs are shown. The responses were
obtained in the sequence from the top to the
bottom at an interval of 60 min from one
response to another. Each response was recor-
ded 50 min after each perfusate change. The
top trace, control perfusate on both sides: the
second trace, in the presence of the perfusate
containing 25 mM mannitol on the vitreal side
only: the third trace, in the presence of the
perfusate containing 25 mM mannitol on both
sides: the fourth trace, in the presence of the
perfusate containing 25 mM mannitol on the
choroidal side only: the bottom trace, in the
presence of the control perfusate on both sides
as in the top. The illumination was the same as
in Fig. 5.
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Abstract

Presented in this paper are the effects of trans-tissue osmotic gradients on the electrical properties
of the neural retina-retinal pigment epithelium (RPE)-choroid tissue of the chick (Gallus domesticus)
in vitro. The present study was focused mainly on a small osmotic gradient, similar to that produced
in the clinical hyperosmolarity response which was applied in order to evaluate the integrity of the
RPE non-photically. Both the electrical parameters and the light-elicited responses of the tissue and
the RPE cells were found to be affected by an osmotic gradient formed by an addition of 25 mM
mannitol to the perfusate on the vitreal side (vitreal hyperosmolarity) or the choroidal side (choroidal
hyperosmolarity) of the tissue. The vitreal hyperosmolarity increased the trans-epithelial potential
(TEP) without affecting the trans-neural retinal potential (V&) and therefore increased the trans-tissue
potential (TTP), reduced the trans-tissue electrical resistance (Rror), depolarized the RPE basal mem-
brane, increased the RPE membrane electrical resistance ratio a (RPE apical membrane
resistance/RPE basal membrane resistance), increased the amplitude of the RPE c-wave without
affecting the slow P III and therefore increased the amplitude of the c-wave of the electroretinogram
(ERG), and decreased the amplitude of the light-elicited RPE apical membrane hyperpolarization
underlying the RPE c-wave. The simplest explanation for these results was that the vitreal hyperos-
molarity caused a decrease in the RPE basal membrane resistance. The choroidal hyperosmolarity
decreased the TEP without affecting the Vr and therefore decreased the TTP, increased the Rror,
hyperpolarized the RPE basal membrane, decreased the a, decreased the amplitude of the RPE c-
wave without affecting the slow P 111 and therefore decreased the amplitude of the ERG c-wave. The
simplest explanation for these results was that the choroidal hyperosmolarity increased the RPE basal
membrane resistance. Although an osmotic load on either side suppressed the light peak of the ERG,
simultaneous osmotic loads on both sides of the tissue did not significantly alter the ERG c-wave or
the light peak, indicating that osmotic gradient is essential to the effects on the RPE. The present
study has revealed that the RPE basal membrane is the principal site effected by small trans-RPE
osmotic gradients of either direction and that the ERG c-wave is a sensitive indicator of change in the
RPE basal membrane resistance, and furthermore has given a physiological basis to the clinical
hyperosmolarity response from the RPE.




