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Effects of DIDS on the Chick Retinal Pigment Epithelium. II. 
Mechanism of the Light Peak and Other Responses Originating at the 
Basal Membrane 

Ron P. Gallemore and Roy H. Steinberg 

Departments of Physiology and Ophthalmology, University of California, San Francisco, San Francisco, California 94143 

4,4’-diisothiocyanostilbene-2,2’-disulfonate (DIDS) appears 
to block a Cl- conductance in the basal membrane of the 
chick retinal pigment epithelium (RPE) (Gallemore and Stein- 
berg, 1989). The present paper describes the effect of DIDS, 
as well as effects of anion movement blockade with other 
pharmacological agents, on 3 responses that originate as 
depolarizations of the RPE basal membrane: the light peak 
of the DC electroretinogram, the response to sodium azide, 
and the response to a small transtissue hyperosmotic gra- 
dient. Intracellular and extracellular potentials, and mea- 
surements of subretinal [K+10 were obtained from an in vitro 
preparation of chick retina-RPE-choroid. Choroidal perfusion 
with each of 4 anion transport and Cl- channel blockers 
(DIDS, 4-acetamido-4’.isothiocyanostilbene, phenylanthra- 
nylic acid, and thiocyanate) suppressed the light peak. DIDS, 
the most potent agent, abolished the basal membrane light- 
peak depolarization. Choroidal perfusion with azide depo- 
larized the basal membrane and decreased its apparent re- 
sistance, &, as in cat (Linsenmeier and Steinberg, 1987). 
The basal membrane depolarization, recorded extracellu- 
larly as an increase in the transtissue potential (TTP), was 
blocked by DIDS. Azide also increased RPE c-wave ampli- 
tude, which could be explained by the decrease in &, and 
it suppressed the light peak. As previously described (Shirao 
and Steinberg, 1987), a 25 mOsm transtissue hyperosmotic 
load (retinal side hyperosmotic) increased the TTP, in- 
creased the c-wave and decreased the transtissue resis- 
tance. DIDS suppressed each of these effects. We conclude 
that the light peak, the response to azide, and the response 
to a retinal hyperosmotic load may each originate as an 
increase in a basal membrane anion conductance that may 
be permeable to chloride. 

The electrical activity of the retinal pigment epithelium (RPE) 
is of special interest because it informs about interactions be- 
tween the photoreceptors and the RPE that have physiological 
significance, as well as because it can be assessed in cornea1 
recordings of the DC electroretinogram (DC ERG) (Arden and 
Kelsey, 1962; Kikawada, 1968). The RPE basal membrane gen- 
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erates 2 light-dependent changes in membrane pptential, the 
fast oscillation and the light peak (Steinberg et al., 1985), and 
2 distinctive additional events that can be experimentally pro- 
duced, the “azide response” (Noell, 1953; Linsenmeier and 
Steinberg, 1987) and the “hyperosmolarity response” (Mukoh, 
1985; Shirao and Steinberg, 1987). For each of these responses, 
the change in basal membrane potential is accompanied by a 
change in apparent membrane resistance; however, the ionic 
mechanism of generation for each response is not yet known. 

In the previous paper, we found that the anion transport and 
conductance blocker 4,4’-diisothiocyanostilbene-2,2’-disulfo- 
nate (DIDS) hyperpolarizes the basal membrane, increases its 
apparent resistance, and increases intracellular chloride activity 
(Gallemore and Steinberg, 1989). These results were all consis- 
tent with blockade of a basal membrane chloride conductance. 
In the present paper we have studied the effects of DIDS, as 
well as those of other pharmacological agents thought to block 
anion movement, on the light peak; also studied are the effects 
of DIDS on the azide response and the retinal hyperosmolarity 
response. Portions of this work have been presented in abstract 
form (Gallemore and Steinberg, 1988). 

Materials and Methods 
Preparation and recording. Experiments were performed on retina-RPE- 
choroid tissues isolated from White chicks (Gallus domesticus). 1-14 d 
old. Methods for tissue preparation, recording, and stimulation are de- 
scribed fully in the accompanying paper (Gallemore and Steinberg, 1989). 

While the eauivalent circuit of the RPE is described in detail in the 
accompanying paper (Gallemore and Steinberg, 1989), the following 
equations will be used in the analysis of the present results: 

ATTP = ATEP + AV, (1) 

ATEP = AV,, - A Vz, (2) 

AV,, = AV’,, R=, 
R,, + &a + R 

AV,, = AV’,, Ra, + R 
Rap + &a + Rs 

AV,, = AV’,, &a + Rx 
Rap + &a + R, 

AV,, = AL” Rb 
=‘R,, + R,, + R, 

(5) 

where TTP is the transtissue potential; TEP, transepithelial potential; 
V,, transretinal potential; V,, (V,,), measured potential of the apical 
(basal) membrane of the RPE, Vg, (Vg,), apical (basal) membrane bat- 
tery; R,, (Rba), apical (basal) membrane resistance; R,, paracellular shunt 
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Fi,a~re 1. Chick DC ERG. Responses ofthe chick DC ERG in temporal 
order are: onset of illumination-a-wave, b-wave, c-wave, fast-oscilla- 
tion trough (FOT). and liaht Desk (LP): offset of illumination-off 
c-wave a;d the ‘%I” of the fast oscillation (oflF0). The stimulus (as 
in all figures) diffusely illuminated the retina with 6.0 x 10m5 W/cm2; 
stimulus duration was 5 min, indicated by an upward deflection of the 
trace below the response. The initial components of the ERG are shown 
below on an expanded time scale. The apparent reduction in a-wave 
amplitude in the complete response is an artifact of digitization in this 
and all figures. 

resistance. Equations 3 and 4 explain the changes in membrane potential 
recorded at each membrane when there is a change in a basal membrane 
battery (e.g., during the light peak), while Equations 5 and 6 explain the 
changes in membrane potential recorded at each membrane when there 
is a change in an apical membrane battery (e.g., during the RPE c-wave). 
The change in membrane potential will always be largest at the battery 
membrane. The change in membrane potential at the other membrane 
results from passive voltage drop due to the flow of “shunt current” 
(Miller and Steinberg, 1977; Linsenmeier and Steinberg, 1983; Griff et 
al., 1985). Since the TEP is defined as V, - V,, (Eq. 2) the RPE c- 
wave and the light peak voltage, both originating solely as changes in 
TEP, will be 

STEP = -R AV:,(c-wave) or AV’,,(light peak) 
I 

R, f  &a + Rs 
(7) 

(A V’,, and A V’,,, are negative, so ATEP is positive.) 
Solutions. The control perfusate had the following composition (sol- 

utes in mM): 120.0 NaCl, 25.0 NaHCO,, 25.0 dextrose, 5.0 KCl, 3.0 
MgC&, and 1.8 CaCl,. The test solutions were modifications of the 
control perfusate as follows: sodium azide (NaN,) solutions (100, 200, 
250, and 500 FM), sodium thiocyanate (NaSCN) solutions (250, 500, 
and 1000 PM), DIDS solutions (10, 35, 50, 100, and 125 FM), 4-ace- 
tamido-4’-isothiocvanostilbene (SITS) solutions (35. 50. 100, and 125 
PM), and N-phenylanthranylic acid (PAA) solutions (100; 225; 250, and 
500 PM). Solutions of DIDS, SITS, and PAA were preheated to 40°C 
to facilitate solvation and were prepared in dim light due to the light 
sensitivity of these agents. Mannitol (25 mM) was added to the retinal 
bath to produce a transtissue hyperosmotic load. The measured os- 
molarity of the control solution was 308 -C 6 mOsm, while the hyperos- 
motic solution was 334 f  7 mOsm (Advanced Wide Range Osmometer 
3W2, Advanced Instruments, Needham Heights, MA). Test solutions, 
to which the reagent added 2.0 mOsm or more, were made isotonic 
with the perfusate by removing NaCl. PAA was purchased from Aldrich 
(Milwaukee, WI). All other chemicals were purchased from Sigma (St. 
Louis, MO). 

Control Test 
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1 
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A 

Figure 2. Anion conductance inhibitors in the choroidal bath suppress 
the light peak. 10 PM DIDS; 200 PM SITS; 225 PM N-phenylanthranylic 
acid (PM); and 500 KM sodium thiocyanate (NaSCN). 

Results 
DC ERG 
Figure 1 shows the DC ERG of the chick neural retina-RPE- 
choroid preparation elicited by 5 min of diffuse illumination. 
The response begins with the negative a-wave, which is followed 
by the positive b-wave and then the rising phase of the c-wave 
(expanded time scale; bottom, Fig. 1). Following the c-wave 
(top, Fig. l), a negative-going potential drops below the baseline, 
the fast-oscillation trough (FOT), which depends upon a hy- 
perpolarization of the RPE basal membrane (Griff and Stein- 
berg, 1984; Linsenmeier and Steinberg, 1984; van Norren and 
Heynen, 1986). The light peak follows in the form of a slowly 
rising potential that reaches maximum positivity about 5 min 
after the onset of illumination. (Light-peak amplitude is assessed 
as the maximum positivity during illumination, measured from 
the minimum of the preceding trough.) At the end of illumi- 
nation the “off c-wave” (Noell, 1953; Faber, 1969; Steinberg et 
al., 1980) and off of the fast-oscillation (Steinberg et al., 1985) 
follow the light peak. As Figure 1 illustrates, the light peak is 
the largest and slowest component of the DC ERG. 

Anion movement blockade 

We examined the effect of the following anion transport and 
chloride channel blockers on the light peak: DIDS, SITS, PAA, 
and NaSCN. As illustrated in Figure 2, perfusion of the cho- 
roidal side of the tissue with each of these agents depressed the 
light peak (10 FM DIDS, 200 PM SITS, 225 PM PAA, and 500 
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FM NaSCN). Previous work suggests that the selectivity of DIDS 
and SITS are identical, while DIDS is more potent (Knauf and 
Rothstein, 1971; Minocherhomjee et al., 1985). Similarly, we 
found that DIDS was a more potent suppressor of the light peak 
than SITS. For example, the reduction in light-peak amplitude 
for 35 MM DIDS was 85 + 5.3% (n = 3) while for 35 FM SITS, 
it was 24 f 0.8% (n = 2). Furthermore, to reduce the light peak 
by 2 40% required 100 PM SITS (n = 2) while 10 FM DIDS (n 
= 2) was similarly effective. All concentrations of PAA (100 FM, 

n = 2; 225 PM, n = 1; 250 PM, n = 3; and 500 PM, n = 1) 
suppressed the light peak L 50%. NaSCN was the least potent 
inhibitor of the light peak, reducing its amplitude an average of 
39 +- 9.4% with 500 PM (n = 2). 

Although the stilbene derivatives SITS and the more potent 
DIDS can inhibit anion transport mechanisms (Knicklebein et 
al., 1985; Jentsch et al., 1986; Sasaki et al., 1987) and chloride 
conductances (Miller and White, 1979; Nelson et al., 1984; In- 
oue, 1985; Kimmich and Montrose, 1985) NaSCN and PAA 
derivatives are thought to be more selective inhibitors of chlo- 
ride conductances in some systems (NaSCN: White and Miller, 
198 1; PAA derivatives: Distefano et al., 1985). Since the effects 

Figure 3. Effect of choroidal perfusion 
with DIDS on the light peak. A, Extra- 
cellular recording. The TTP was re- 
corded differentially between the retinal 
and choroidal solutions. The transepi- 
thelial and transretinal potentials were 
recorded simultaneously between a mi- 
croelectrode placed in the subretinal 
space and the choroidal and retinal ref- 
erence electrodes, respectively. The 
control responses (left) were recorded 
prior to changing the choroidal perfus- 
ate to 10 PM DIDS. The center re- 
sponses were recorded 45 min after the 
control responses and 15 min following 
the transition to 10 /LM choroidal DIDS. 
The recovery responses were recorded 
about 1 hr following the light peak in 
DIDS. A distinct b-wave did not appear 
because of its rapid time course and 
relatively small amplitude. The ab- 
sence of the a-wave in the transretinal 
recording (and a-wave voltage drop in 
the transepithelial recording) is an ar- 
tifact ofdigitization in this and all other 
ERG figures. B, Intracellular recording. 
Effect of 50 PM DIDS on the intracel- 
lularly recorded light peak. The ERG 
was produced and recorded as in Figure 
1. Simultaneously, the apical mem- 
brane potential (I’,,) was recorded dif- 
ferentially between the intracellular mi- 
croelectrode and the retinal perfusate; 
the basal membrane potential (I’,,) was 
recorded differentially between the mi- 
croelectrode and the choroidal perfus- 
ate. Control responses (left); responses 
in 50 PM choroidal DIDS (right) 15 min 
following change from the control per- 
fusate. The control and test responses 
were recorded from different cells. 

of DIDS on the electrical properties of the chick RPE were 
studied in the accompanying paper (Gallemore and Steinberg, 
1989) its effects on the basal membrane responses were more 
thoroughly investigated in the present study. 

Localization of the effects of DIDS 

The light-peak voltage has been shown to originate exclusively 
from the RPE as a depolarization of the basal membrane (Griff 
and Steinberg, 1982; Linsenmeier and Steinberg, 1982; Valeton 
and van Norren, 1982). Recordings of the TEP and the trans- 
retinal potential in Figure 3A show that the reduction of light- 
peak amplitude during perfusion of the RPE basal membrane 
(“choroidal” perfusion) with DIDS resulted from a decline in 
the amplitude of the light peak in the TEP. The point here is 
that no new potential developed across the neural retina that 
could have reduced the light peak. Note that the effect of 10 PM 

choroidal DIDS on the light peak was completely reversible. 
Figure 3B shows that the intracellularly recorded light-peak de- 
polarization of the basal membrane was completely abolished 
by perfusion of the basal membrane with 50 PM DIDS (different 
cell). 
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Figure 4. Effects of choroidal perfusion with sodium azide. A, Effect 
of azide (250 PM) on the TTP and its transepithelial and transretinal 
components. B, Effect of azide (500 PM) on RPE membrane potentials 
and the TTP. The TTP was recorded differentially between the retinal 
and choroidal perfusates. Simultaneously, the apical membrane poten- 
tial (V,,) was recorded differentially between the intracellular microelec- 
trode and the retinal perfusate; the basal membrane potential (V,,) was 
recorded between the microelectrode and the choroidal perfusate. The 
perfusate was changed to the test solution containing azide as indicated 
at the bottom by the bars. The interruptions in the traces indicate where 
responses to 4 set flashes have been removed, without affecting the 
much slower time course of changes brought about by azide. Calibration: 
0.5 mV for transtissue, transepithelial, and transretinal potentials; 1.0 
mV for V,, and V,,. 

If DIDS abolished the light peak by acting only on the RPE 
basal membrane, then perfusion of the retinal side of the tissue, 
and, therefore, the apical membrane of the RPE, might not affect 
the light peak, since DIDS is not thought to cross cell membranes 
(Cabantchick and Rothstein, 1972; Grinstein et al., 1979). We 
found that perfusion of both the retina and choroid or choroid 
alone with 35 FM DIDS always suppressed the light peak, while 
perfusion of the retina alone never suppressed it (n = 3). An 
important question is whether DIDS reached the apical mem- 
brane of the RPE when presented retinally. We found, in fact, 
that 35 FM DIDS in the retinal bath decreased the TEP by 
depolarizing the apical membrane (not shown; similar results 
have been reported for the frog RPE-choroid preparation; Hughes 
et al., 1987). Higher concentrations of retinal DIDS (50-100 
PM), however, began to suppress the light peak, and retinal con- 
centrations of 100 PM or greater could abolish it (not shown). 

Sodium azide 
Efect on the TEP 
Noel1 (1952, 1953) reported that sodium azide (NaN,) increased 
the standing potential in several species, and he concluded that 
the effects were on the RPE. It was recently shown in cat that 
azide acts by depolarizing the RPE basal membrane and de- 
creasing its resistance (Linsenmeier and Steinberg, 1987). Re- 
cently, Noel1 suggested (personal communication) that azide 
increases an anion conductance in frog oocytes, and this pro- 
vided the impetus to study the azide response in chick and to 
determine how it is affected by DIDS. It will be useful, first, to 
describe the effects of sodium azide on the electrical properties 
of the chick tissue and on the light-evoked responses. 

Figure 4A shows that azide, when applied to the choroidal 
side of the tissue, elevated the dark-adapted TTP, and this in- 
crease was followed by a partial recovery. The potential gen- 
erally remained elevated during azide perfusion, and fell to base- 
line after the return to control perfusate (not shown). Since the 
change in TEP had the same time course and was about the 
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Figure 5. Effect of choroidal perfusion with sodium azide (250 PM) on 
(A) the transtissue c-wave and its transepithelial and transretinal com- 
ponents; and (B) the simultaneously recorded light-evoked decrease in 
subretinal potassium (V,,). A 2.5 mV change in V,+ corresponds to a 
change of approximately 0.74 mM in the extracellular K+ level in the 
subretinal space, [K’],. The dark-adapted [K+], was measured to be 5.4 
mM, 0.4 mM greater than the control perfusate, and was not altered by 
azide (not shown.) 

same magnitude as the change in TTP, the RPE rather than the 
neural retina must have been primarily responsible for it (Fig. 
4A). Note, however, that as in cat (Linsenmeier and Steinberg, 
1987), a small decrease in the transretinal potential also con- 
tributed to the change in TTP. 

Figure 4B illustrates V,, and V,, during choroidal perfusion 
with 500 PM azide. As expected, azide depolarized both mem- 
branes but the depolarization of the basal membrane was larger 
and faster, indicating that the effect originated there (n = 3). 
The smaller apical membrane depolarization was likely due to 
shunting of the basal membrane potential through the paracel- 
lular shunt resistance (Griff et al., 1985). 

Effect on the c-wave and on resistances 
Perfusion of the basal membrane with azide increased the am- 
plitude of the transtissue c-wave. Since this c-wave is the sum 
of a negative-going potential generated in the neural retina (slow 
PIII) and a positive-going potential from the RPE (RPE c-wave) 
(Faber, 1969; Linsenmeier and Steinberg, 1983), the increase in 
c-wave amplitude could have resulted from a change in either 
of these 2 components. Figure 5A shows that both components 
increased during choroidal perfusion with azide, with the in- 
crease in the RPE c-wave being larger. Since an increase in slow 
PI11 alone would decrease the c-wave, the increase in the trans- 
tissue c-wave can be attributed to an increase in its RPE com- 
ponent.’ 

I Perfusion of the choroid with azide produced a small decrease of the dark- 
adapted transretinal potential (Fig. 4A) and an increase in the amplitude of slow 
PHI (transretinal in Fig. 5A), neither of which can be explained by changes in 
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The c-wave originates from a decrease in subretinal [K+], that 
hyperpolarizes the RPE, generating the RPE c-wave (Oakley 
and Green, 1976; Oakley, 1977; Steinberg et al., 1980), and 
presumably also hyperpolarizes the distal end of the Mtiller cell 
to produce slow PI11 (Faber, 1969; Witkovsky et al., 1975; 
Karwoski and Proenza, 1977; Wen and Oakley, 1987). Thus, 
an increase in both components of the c-wave could result from 
an increase in amplitude of the light-evoked decrease in [K+],. 
As shown in Figure 5B, the light-evoked [K+], decrease was 
reduced slightly (8.3% here) by choroidal azide and, therefore, 
did not cause the c-wave increase (n = 2), corroborating a similar 
finding in cat (Linsenmeier and Steinberg, 1987). 

Figure 6A shows that azide significantly decreased the total 
tissue resistance (R,,,). With an electrode in the subretinal space, 
we found that this decrease in R,,, was due to a decrease in the 
RPE resistance (R,) and not to a decrease in neural retinal re- 
sistance (R,). However, R, significantly increased during azide 
perfusions. The decrease in R, could have resulted from a de- 
crease in R,,, Rba, or R, (see Gallemore and Steinberg, 1989). 
One method that can be used to identify the origin of this effect 
involves monitoring changes in the c-wave membrane hyper- 
polarizations of the RPE (Linsenmeier and Steinberg, 1983). 
Figure 6B shows apical and basal membrane c-wave hyperpo- 
larizations and the transtissue c-wave in response to 4 set flashes 
presented before and during choroidal perfusion with 500 PM 

azide. Azide reduced the amplitude of both membrane hyper- 
polarizations, with the decrease in V,, being larger so that an 
increase in the c-wave occurred. Since the light-evoked [K+], 
decrease was slightly decreased, not increased, by azide (Fig. 
5B), it follows from Equations 5 and 6 that only a decrease in 

[K’],, i.e., dark-adapted [K’], was not affected (not shown) and the light-evoked 
[K+], decrease was reduced (Fig. 5B), which cannot produce an increase in slow 
PHI. At least 2 factors contributed to the increase in slow PI11 (Gallemore and 
Steinberg, 1989), the increase in the transretinal resistance (Fig. 64 and the voltage 
drop across the transretinal resistance (RR) of the RPE c-wave (Linsenmeier and 
Steinberg, 1987). The increase in retinal resistance could also explain the obser- 
vation that azide increases the b-wave of the DC ERG by about 20% (Steinberg 
et al., 1985). The decrease of the dark-adapted transretinal potential may be due, 
in part, to the voltage drop across the transretinal resistance ofthe increasing TEP. 

-I 1 

Figure 6. Assessment of azide-in- 
duced resistance changes. A, Effect of 
choroidal perfusion with azide (250 PM) 

on the total tissue resistance (R,,,) and 
its components, the transretinal resis- 
tance, R,, and the transepithelial resis- 
tance, R,. These voltage deflections were 
produced by applying current pulses (1 
NA, 1 set) across the tissue with an elec- 
trode in the subretinal space. The cur- 
rent pulse during azide was given at the 
peak of the azide-induced TTP in- 
crease. Azide caused a decrease in R,,, 
that was due to a decrease in R,. Note 
the increase in R,. B, Effect of choroidal 
perfusion wiih azide (500 MM) on the 
intracellularly recorded c-wave hyper- 
polarizations as correlated with changes 
in the transtissue c-wave. The recording 
configuration is as in Figure 4B. Azide 
reduced both apical and basal mem- 
brane hyperpolarizations, with a great- 
er reduction in the latter, such that the 
transtissue c-wave increased. This is 
consistent with a decrease in basal 
membrane resistance. 

R,, could produce smaller c-wave hyperpolarizations accom- 
panying an increase in the c-wave; changes in R,, or R, would 
produce different results (Eqs. 5 and 6; see also Linsenmeier and 
Steinberg, 1983). This supports the hypothesis, based on studies 
in cat, that azide decreases basal membrane resistance (Linsen- 
meier and Steinberg, 1987). 

Efect on the light peak 

Perfusion of the chick RPE basal membrane with 500 ye azide 
abolished the light peak (95 + 0.6% reduction, n = 2), 250 PM 

azide severely depressed the light peak (example, Fig. 7; 73 -t 
9.6%, n = 3), 200 PM depressed it less (42 ? 1 I%, n = 6), and 
100 PM was just about ineffective. The recordings in Figure 7 
show that light-peak reduction by choroidal azide (250 PM) re- 
sulted from a decline in the amplitude of the transepithelial light 
peak. Intracellular RPE recordings (not shown) indicated that 
the light-peak depolarization of the basal membrane was se- 
verely depressed by azide (500 PM azide, y1 = 2). 

While perfusing both the retina and choroid or the choroid 
alone with 250 FM azide always suppressed the light peak, per- 
fusing only the retina with 250 PM azide did not suppress the 
light peak (n = 3). Retinal concentrations of azide of 2 500 PM, 

however, could suppress or abolish the light peak. In addition, 
retinal azide always decreased the TEP, increased RPE resis- 
tance, and reduced the c-wave, in contrast to choroidal azide. 

Eflect of DIDS on azide-induced TTP increase 

Perfusion of the RPE basal membrane with DIDS blocked the 
increase in TTP normally produced by perfusing the choroid 
with azide. Figure 8 shows the control increase in TTP produced 
by azide (choroidal azide, 250 by), its abolition in DIDS (35 
PM), and its recovery following DIDS perfusion. Similar results 
were obtained with 250 PM azide in 3 experiments (35 WM DIDS, 
n=1;50p~DIDS,n=2). 

Retinal hyperosmolarity response 
As has been previously described (Shirao and Steinberg, 1987) 
the dominant effects of a 25 mOsm retinal hyperosmotic load 
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Recording configuration as in Figure 3A. 
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corded prior to changing the choroidal 
perfusate to 250 PM azide. The center 
responses were recorded 45 min after 
the control response and 15 min fol- 
lowing the transition to azide. The re- 
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are an increase in the TTP, an increase in the c-wave, and a 
decrease in R,,,. As with the azide response and the light peak, 
these effects originate as a basal membrane depolarization ac- 
companied by a decrease in basal membrane resistance (Shirao 
and Steinberg, 1987). Figure 9 illustrates the effects of intro- 
ducing 25 mM mannitol into the retinal bath: the TTP increased 
by 2.2 mV (Control, Fig. 94, the c-wave increased by about 
100% (Control, Fig. 9B), and R,,, decreased by 11% (Control, 
Fig. SC). In the same tissue, the choroidal side was perfused 
with DIDS (100 PM). This decreased the TTP by 5.5 mV, abol- 
ished the c-wave, and increased R,,, by 18% (not shown; Galle- 
more and Steinberg, 1987, 1989). A hyperosmotic load of 25 
mOsm was then introduced into the retinal bath. Its effects on 
all 3 measures were almost completely suppressed by choroidal 
DIDS (DIDS, Fig. 9). Upon return to control Ringer’s, recovery 
of all of the effects of a retinal hyperosmotic load was observed 
(Recovery, Fig. 9). 

Discussion 
Perfusing the RPE basal membrane with DIDS severely de- 
pressed 3 responses that originate there: the light peak of the 
DC ERG, the azide response, and the retinal hyperosmolarity 
response. All 3 responses are known to be generated by a de- 
polarization of the basal membrane, which is accompanied by 
an apparent decrease in resistance. Data in the accompanying 
paper suggested that DIDS blocks a Cl- conductance at the basal 
membrane (Gallemore and Steinberg, 1989). Since the above 
responses were severely depressed by DIDS, it is possible that 
their generation involves some aspect of chloride movement 
across the RPE basal membrane. 

Efect of DIDS on the light peak 

The light-peak voltage originates at the basal membrane of the 
RPE as a depolarization accompanied by a decrease in basal 
membrane resistance (Griff and Steinberg, 1982; Linsenmeier 
and Steinberg, 1982). It is not known if the latter represents an 
increase in a “light-peak conductance” or is a secondary effect 
of the depolarization on another conductance. We have shown 
that micromolar concentrations of DIDS in the choroidal bath 
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strongly depressed the light peak. Also, choroidal DIDS hyper- 
polarized the RPE basal membrane, increased its resistance, and 
increased intracellular chloride activity (Gallemore and Stein- 
berg, 1989), results that are all consistent with chloride channel 
blockade. Thus, if light-peak suppression by DIDS is direct, 
opening of a chloride channel may contribute to the light-peak 
voltage. That PAA and NaSCN, thought to be more selective 
inhibitors of chloride channels, also suppressed the light peak, 
further supports the idea that the putative light-peak conduc- 
tance may be permeable to chloride. 

The suppression of the light peak by DIDS, however, may be 
indirect, i.e., by its effect on other conductances and/or transport 
mechanisms that result in an increase in basal membrane re- 
sistance. Such an increase in Rba, by itself, actually should pro- 
duce a small increase in the light peak by reducing the shunting 
effect of a non-light-peak conductance in the basal membrane 
on the amplitude of the light-peak battery. The severe suppres- 
sion of the light peak produced by DIDS suggests, then, that 
the light-peak mechanism is probably, itself, affected, but it does 
not prove that the effect is exclusively on a light-peak conduc- 
tance. 

An additional question concerning the effect of choroidal DIDS 
is whether DIDS directly affected the neural retina since the 
initial event in light-peak generation is light absorption by the 
photoreceptors. We monitored effects on photoreceptor function 
with 3 measures: the a-wave of the DC ERG, the light-evoked 
decrease in subretinal K+, and the dark-adapted subretinal [K+], 
level. We found that choroidal DIDS did not alter a-wave am- 
plitude (not shown), or the light-evoked decrease in subretinal 
K+, nor did it change the dark-adapted subretinal K+ level 
(Gallemore and Steinberg, 1989). In addition, while choroidal 
perfusion with 35 PM DIDS suppressed the light peak, perfusion 
ofthe neural retina with the same concentration did not suppress 
the light peak at all. These data taken together suggest that the 
effect of choroidal DIDS on the light peak is not through an 
effect on the neural retina. 

Effects of azide 

We confirmed the previous observation in cat that the azide 
effect results from a depolarization of the basal membrane (Lin- 
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Figure 8. Effect of DIDS on the azide induced increase in TTP. A, 
Control increase in TTP produced by 250 PM choroidal azide. B, Ad- 
dition of azide following 15 min of choroidal perfusion with 35 PM 
DIDS. C, Recovery of the azide induced increase in TTP. 

senmeier and Steinberg, 1987) and provided new evidence that 
this is accompanied by a decrease in basal membrane resistance. 
As in cat, the increase in the transepithelial c-wave can be ex- 
plained by the decrease in R,, (see Eq. 7), and not by an increase 
in the light-evoked K+ decrease known to generate this response 
(Fig. 5). We have confirmed the observation that azide sup- 
presses the light peak (Linsenmeier and Steinberg, 1987) and 
showed, in addition, that this resulted from a suppression of 
the light-peak depolarization of the RPE basal membrane. Fi- 
nally, while choroidal perfusion with 250 PM azide suppressed 
the light peak, perfusion of the neural retina with the same 
concentration of azide did not. Taken together these results are 
consistent with choroidal azide acting directly on the RPE to 
reduce the light peak. 

We found that retinal azide had effects opposite those of cho- 
roidal azide, decreasing the TTP, decreasing the c-wave, and 
increasing RPE resistance. Intravenous infusion of azide in cat 
(Linsenmeier and Steinberg, 1987) produces effects similar to 
those of choroidal perfusion in chick, i.e., on the basal mem- 
brane, as might be predicted a priori given the much higher 
choriocapillaris blood flow as compared with the retinal cir- 
culation. 

Recent evidence indicates that azide may increase an anionic 
conductance in frog oocytes, which is dominated by chloride 
(W. Noell, personal communication). The apparent decrease in 
basal membrane resistance produced by azide in chick and in 
cat (Linsenmeier and Steinberg, 1987) suggests that azide in- 
creases basal membrane conductance. Given the observations 
of Noel1 and the suppression of the azide response by DIDS 
(Fig. 8) it seems plausible that azide depolarizes the basal mem- 
brane and decreases its resistance by increasing some anion 
conductance, perhaps Cll, at the basal membrane. 

Efect of DIDS on the retinal hyperosmolarity response 

A retinal hyperosmotic load increases the TTP, increases the 
c-wave and decreases total tissue resistance (R,,,). These effects 
have been shown to originate from a depolarization of the RPE 
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Figure 9. Effects of DIDS on the “retinal hyperosmolarity response.” 
Arrows in A indicate the onset and offset of the retinal hyperosmotic 
load. Note that for the Control and Recovery responses, the hyperos- 
motic load is maintained throughout the record following its introduc- 
tion. The dominant effects of a 25 mOsm retinal hyperosmotic load are 
an increase in the TTP (A, Control), an increase in the c-wave (B, 
Control), and a decrease in R,,, (C, Control). In the same tissue, a 25 
mOsm retinal hyperosmotic load was introduced 15 min after choroidal 
nerfusion with 100 UM DIDS. Choroidal DIDS almost comoletelv abol- 
ished the effects of retinal hyperosmolarity on the TTP (A,. DID’k), the 
c-wave (B, DIDS), and R,,, (C, DZDS). Following return to normal 
Ringer, recovery of all of the effects of a retinal hyperosmotic load was 
observed (A-C, Recovery). 

basal membrane associated with an apparent decrease in basal 
membrane resistance (Shirao and Steinberg, 1987). In addition, 
a retinal hyperosmotic load severely suppresses the light peak 
(Shirao and Steinberg, 1987). We were therefore interested in 
how DIDS might alter the response to a retinal hyperosmotic 
load and found that the effects of retinal hyperosmolarity on 
the TTP, c-wave, and R,,, were almost completely abolished by 
choroidal DIDS (Fig. 9). These results, given the above discus- 
sion, are consistent with the effect of retinal hyperosmolarity 
involving the movement of chloride across the RPE basal mem- 
brane. 

In sum, we found that DIDS, which appears to block a basal 
membrane Cll conductance in chick RPE (Gallemore and Stein- 
berg, 1989), severely suppressed those responses found to orig- 
inate as depolarizations of the RPE basal membrane. These 
responses are the light peak, the azide response, and the retinal 
hyperosmolarity response. Our data are consistent with the hy- 
pothesis that all of these responses originate as an increase in 
an anionic conductance at the RPE basal membrane that may 
carry Cl-. 
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