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Abstract

Isolated carp retinas were used to examine the effects of anoxia (N,), cyanide (HCN),
ammonia (NH,) and carbon dioxide (CO,) on the horizontal cell membrane potential as
well as on the transreceptoral, intraretinal and transretinal responses recorded by means of
two glass microelectrodes. Responses were induced by a focal stimulus (0.5 mm dia., 620
nm) and diffuse background illumination (white light). Two or three of the responses were
simultaneously recorded. The following results were obtained : (i) The horizontal cell
membrane potential was affected rapidly by anoxia, HCN and NH,;; the membrane
potential was initially depolarized and then hyperpolarized, accompanied by abolition of S-
potentials. (ii ) The intraretinal response (composed of proximal PIII and PII components
of the electroretiongram) was abolished by N, (anoxia), HCN or NH,, while the focal
transreceptoral response (distal PIII) remained almost unchanged or, as in the case of NH,
application, increased. This suggests that synaptic transmidsion from the receptors to
proximal (horizontal and bipolar) cells is readily interrupted, while the electrogenesis of
receptor cells persists under a brief period of anoxia or exposure to low concentrations of
HCN or NH, in O,. (iii)The focal intraretinal response (proximal PIII) was enhanced in
amplitude by the presence of negative potential shift (PII -dominant potential) caused by
diffuse background illumination. This negative potential was selectively abolished by the
agents used, particularly by NHj;. (iv) CO, (10%) in O, gradually hyperpolarized horizontal
cells and reduced both transreceptoral and intraretinal responses as well as S-potentials with
the same time sequence, indicating that CO, supresses primarily the receptor activity,
reducing retinal excitability in general. (v ) Although the effects of the gases used are
assumed to be due to complex changes in both aerobic metabolism and intracellular pH, the
site most susceptive to respective gases appears to be different in the retina.

Key words : carp retina, light-induced response, horizontal cell
membrane potential, N,, NH,, CO,

The rapid and drastic effects of carbon
dioxide (CO,) and ammonia (NH;) on the
membrane potential of horizontal cells were
first observed by Laufer er al''in the isolated
retina of marine fishes (Gerridae, Centropo-

midae and Mugilidae) ; CO, hyperpolarized
while NH,; initially depolarized and then
hyperpolarized horizontal cells, accompanied
by abolition of S-potentials. These observa-
tions were confirmed later and reported
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together with the effects of anoxia and
metabolic inhibitors on horizontal cells by the
Caracas research group?-”. Anoxia and
certain metabolic inhibitors such as cyanide
(HCN), azide (N;H) and carbon monoxide
(CO) initially depolarized and then hyper-
polarized, accompanied by abolition of S-
potentials in a way similar to NH,. These
authors concluded that the horizonal cell is
very sensitive to the above gases and metabolic
inhibitors, suggesting that the function of this
class of cells is highly dependent upon aerobic
metabolism.

Such interpretation was based on the follow-
ing findings: (i) NH; was found to abolish
light-induced responses except for a “receptor
potential” in the fish retina®. (ii) N,H was
used to differentiate the distal PIII sub-
component from the proximal PIII of the frog
electroretinogram®. Findings (i and ii)
support the view that the receptor cells are
more resistant than the other retinal cells to
NH, and N H. (iii) Anoxia, NH,, metabolic
inhibitors and CO, strogly influenced the
resting membrane potential of horizontal cells,
whereas the resting potential of cells which did
not give rise to S-potentials in the same fish
retina was only slightly affected by these
gasesNo),

Contrary to the foregoing view, Drujan et
al’V demonstrated that the S-potential was
able to spread laterally through an anoxic area
of the retina. Along with other findings in
tissue and single cell respiration experiments!?),
they concluded that the oxygen-dependence of
the S-potentials reflects the aerobic metabolism
of photoreceptor cells.

The present series of experiments was
performed to reappraise the effects of anoxia,
HCN, NH; and CO, on horizontal cells of the
carp retina, and to further clarify the site
susceptible to anoxia and these agents. In
addition to the intracellular recording of
horizontal cells, the transreceptoral, intraret-
inal and transretinal light-induced responses
were simultaneously recorded. A part of the
results obtained from the present series of

anoxia experiments was reported elsewhere ¢

Materials and Methods

The experiments were performed on the
isolated retina of the carp (Cyprinus carpio).
Before eye enucleation the fish was maintained
in darkness for about 1 hr. The retina was then
removed under dim room light (about 3 Ix
with white light) and kept, receptor side-up, in
a moist chamber, having 1 outlet and 3 inlets.
Oxygen (O,) was passed continuously through
the chamber and served as the control gas
medium. The gas exchange system used was the
same as that described previously®®. For
application of cyanide (HCN) or of ammonia
(NH;) to the isolated retina, a minute amount
of these gases was added to the control gas
stream passing through the chamber by means
of a by-pass system. We were unable to
measure and control the concentrations of
HCN and NH, in the chamber; very low
concentrations were assumed to need for
producing changes in the membrane potential.
In fact, the NH; concentration applied was
close to our threshold for smelling it.

Photic stimulation

A 500 W Xenon arc lamp with color
temperature of 6000°K was used as the source
of light. Red (620 nm) light was focused on a
diaphragm mounted in front of an electro-
magnetic shutter driven by an electronic
stimulator. After collimation, the beam passed
through the monochromatic interference filter
(halfband width of 10-14 nm) and a series of
neutral density filters which reduced the light
intensity by 0.5-log steps up to 3.5 log units,
and was focused on to the retinal surface as a
circular spot of 0.5 mm dia. by means of an
apochromatic objective. The illumination level
of the focal stimulus was lower by about 2 log
units than that necessary to produce the maxi-
mal amplitude of S-potentials. The duration of
the stimulus was 300 msec, and it was delivered
every lL.5sec. To examine the effect of back-
ground illumination on the focal light-induced
responses, a 6-V pilot lamp, placed 10 cm away
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from the preparation, was used to illuminate
diffusely the entire retina; the illumination
level was approximately 2 1x at the receptor
surface.

Recording methods

Glass-microelectrodes, filled with 2.5M
KCl, of 10-25 MQ resistance were used to
record the membrane potential of horizontal
cells through a direct-coupled amplifier, as
well as extracellular light-induced responses
through RC-coupled amplifiers. For simul-
taneous recordings of 2 or 3 types of light-
induced responses, two microelectrodes were
used ; one was placed at the receptor surface,
and the other was located at the outer plexi-
form layer (OPL) or inserted into a horizontal
cell. Both microclectrodes were directed
towards the center of the focal stimulus area (0.
5mm dia.). A common indifferent electrode
was an Ag-AgCl-wick placed beneath the
retina at the vitreal side. Detailed methods of
the simultaneous recording were described
elsewhere®).

In the present report, a light-induced change
in the field potential between the micro-
electrode tips at the receptor surface and at the
OPL is called the “transreceptoral response”
(Trc) ; it was recorded through a differential
RC-coupled amplifier system (time constant, 2.
Osec). On the other hand, a light-induced
change in the field potential between the tip of
the intraretinal microelectrode (at OPL) and
the indifferent Ag-AgCl electrode (at the
vitreal side) is named as the “intraretinal
response” (Irt), and was fed into a single-
ended amplifier system (t.c., 1.0 sec). In addi-
tion, a light-induced responses, recorded with
the surface microelectrode and the indifferent
electrode (at the vitreal side), is termed the
“transretinal response” (Trt), which was fed
into another single ended amplifier system (t.
¢., 1.0sec). It may be noted that when a focal
light stimulus was used the transreceptoral
response corresponds to the distal PIIl and
the intraretinal response to the proximal PIII
of Murakami and Kaneko®, and that when a

diffuse stimulus was used the transreceptoral
response is approximately similar to the
and the
intraretinal response to the cornea-positive
component PII of Hanitzsch*®. Furthermore,
the transretinal response is synonymous with

cornea-negative component PIII

the slow surface potential'¥'®, and the ampli-
tude of this response was approximately equal
to an algebraic summation of those of the
transreceptoral and intraretinal responses. All
of the date from the experiments were stored on
a 4-channel FM magnetic tape (TEAC R-410).
The extracellular responses were displayed
positivity-upward at the receptoral side in
respect to the vitreal side.

Results

Intracellular recordings of horizontal cells
The membrane potential of horizontal cells
in the carp retina was drastically influenced by
anoxia, HCN, NH; and CO,. Figure | summa-
rizes the results obtained in the present experi-
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Fig.1. Effects of anoxia, HCN, NH; and CO, on
the horizontal cell membrane potential. Down-
ward deflections are hyperpolarizing S-poten-
tials in response to focal light stimuli of red light
(a circular spot of 0.5mm dia). Periods of
exposure of the isolated retina to various gases
are indicated with triangles (¥ and A), whereas
periods of background illumination are indicated
with lines (BG) below the stimulus-signal tracing.
Record A : Control gas medium (O,) was gradual-
ly replaced by N, and reintroduced. Records B
and C: A minute amount of HCN or NH, was
mixed into the gas stream of O, during the period
marked with triangles. Record D: O, was replac-
ed by a gas mixture of CO, (10%) in O, and then
reintroduced. Potential (0-40-80 mV) scales are
shown at the right-side end of each record, and
time (20 sec) scales indicated below records C
and D.

80
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ments. Anoxia (record A), HCN (B) and NH,
(C) initially depolarized and then rapidly
hyperpolarized the membrane potential of the
cells, accompanied by abolition of the S§-
potentials (A-C), whereas 10% CO, in O, (D)
reversibly hyperpolarized the cell and di-
minished the S-potential.

Extracellular recordings of light-induced

potentials

A surface slow response, recorded trans-
retinally at the receptor surface and induced by
a focal spot of light, is dominantly positive,

BG — 5sec

Fig.2. Anoxia experiment with simultaneous
recording of the transreceptoral (Trc) and
intraretinal (Irt) responses. Dashed lines (Ls)
signal focal light stimuli. Records A-E are taken
from a continous recording of a whole course of
anoxia experiment. For illustration, unnecessary
parts are cut out between the pieces of the
recordings illustrated. Data-arrangement in Figs.
3-6 are made in the same way as in Fig. 2. Elapsed
time between records A and B,B and C, C and D,
and D and E is 80,15,10 and 40 sec, respectively.
The control gas medium (0,) was gradually
replaced by N, (¥ in A). The application period
of N, was about 100 sec in this case. Time (5 sec)
and potential (1 mV) scales are indicated at the
right end of record (E).

whereas a response produced by a non-focal,
surround or diffuse illumination is predo-
minantly negative'#~!". In our recordings, the
amplitude of the positive, focal trans- (Trt) or
intra-retinal (Irt) response was enhanced
during diffuse background illumination (BG)
which prodused a negative potential shift
(Figs. 2-5A, in the control state).

The focal intraretinal (Irt) response was
abolished by exposure of the retina to N,
(anoxia; Fig. 2)or to low concentrations of
HCN (Fig. 3) or of NH; (Fig. 4), although the
focal transreceptoral (Trc) response was only
slightly reduced or, as in the case of NH,
application, enlarged at least initially. The
background illumination effect on the focal
intraretinal response also disappeared during a
brief period of anoxia, and recovered more
slowly than the focal intraretinal response.
Notice that background illumination reduced
both focal transreceptoral and intraretinal
responses even after their amplitudes had
recovered with O, (Fig. 2D).

The effect of HCN was similar to that of
anoxia on the focal transreceptoral and intrare-
tinal responses. In the experiment shown in
Fig.3, the transretinal (Trt) response was
recorded simultaneously with both trans-
receptoral and intraretinal responses. After
HCN application, large shifts occurred in all

90 e —

Fig. 3. HCN experiment with simultaneous record-
ing of the transreceptoral (Trc), intraretinal (Irt)
and transretinal (Trt) responses. A minute amou-
nt of HCN was mixed into the O,-stream during
the period marked with triangles (¥ and A in A).
Notice different amplifications for the three
responses. Records A to C are continuous ([>).
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tracings, probably due to a change in the d.c.

potential (between A and B). The trans-
receptoral response was slightly increased in
amplitude, while both intra- and trans-retinal
responses were markedly influenced by this
agent. The positive potential of the intraretinal
response  was diminished, accompanied by
enlargement of a negative transient at the offset
of the focal stimuli (off-transient). This kind of
off-transient was also seen intraretinally in the
anoxia experiment (Fig. 2B and D).

NH, was observed to cause a transient
enlargement of the intra- and trans-retinal
responses and prolonged enlargement of the
transreceptoral response (Fig. 4A). Sub-
sequently, the amplitude of the transretinal
response was reduced considerably due to
abolition of the positive intraretinal response
and to appearance of a negative intraretinal
response, although the enlargement of the
transreceptoral response persisted (A).
Twenty sec later (B), the transreceptoral
response gradually returned to the original
amplitude and the intraretinal response
became positive, whereas the transretinal
response was still small because of poor
recovery of the positive intraretinal response.
Further 30 sec later (C), the intra- and trans-
retinal responses recovered still better, whereas
diffuse background illumination caused a
positive potential shift in all tracings and
markedly reduced all types of response,
indicating that the negative intra-retinal poten-
tial shift in response to diffuse background still
did not recover in this period.
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Fig. 4. NH, experiment with simultaneous record-
ing of the transreceptoral (Trc), intra- (Irt) and
trans-retinal (Trt) responses. Elapsed time bet-
ween records A and B, and between B and C was
20 and 30 sec, respectively.

Differing from the effects of anoxia, HCN
and NH,, an exposure of the retina to a gas
mixture of 10% CO, in O, reduced the
amplitude of both focal transreceptoral and
intraretinal responses, and also diminished the
negative intraretinal potential shift caused by
diffuse background illumination (Fig. 5A). All
these reductions occurred with the same time
sequence, indicating that CO, acts primarily
on the transreceptoral response or reduces
generally retinal excitability, and that it does
not interrupt synaptic transmission at the outer
plexiform layer with this concentration.

Relationship  between S-potentials and

extracellular responses

In some experiments, the transretinal
response and the horizontal cell membrane
potential were simultaneously recorded. Figure
5B shows the coincident changes caused by
CO,. Following introduction of 10% CO, in
O, (Fig. 5B-1), the amplitude of the trans-
retinal response and of the S-potentials’ was
gradually reduced with the same time course,
while the horizontal cell membrane potential
(Vh) hyperpolarized (from 30 to 45 mV).
Replacement of CO, by O, reversed these

o 20 sec—

Fig.5. CO, experiment. Record A : Simultaneous
recording of the transreceptoral (Trc) and intra-
retinal (Irt) responses. O, was gradually replaced
by a gas mixture of 10% CO, in O, (¥ in A-1), and
reintroduced (& in A-2). Record B : Simultaneous
recording of the transretinal response (Trt) and
the S-potential (Vh). Elapsed time between
records B-1 and 2 was 15 sec. Potential scale (20-
80 mV)at the right-end of record (B-2) is given for
the horizontal cell membrane potential in d. c.
recording.
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effects. In Fig. 6, the first application of NH,
produced an enlargement of the amplitude of
both transretinal response and S-potentials
(from A to B), the enlargement of the S-
potentials being associated with a depolariza-
tion of the resting potential (from 40 to 20
mV). On the other hand, the second appli-
cation of NH, caused a further slight enlarge-
ment of both responses and an additional
slight depolarization, but subsequently resulted
in a rapid diminution of the transretinal
response, a rapid abolition of the S-potentials
and in a sharp hyperpolarization (from 20 to
60 mV) of the horizontal cell (B). Records C,
D and E were obtained from different hori-
zontal cells during the recovery state, 3, 5 and
10 min respectively, after the second applica-
tion of NH,. The enhancement of the focal
transretinal response by diffuse background
illumination was observed only in the control
state (A). After the first application of NH,,
even though the S-potentials in response to
both focal and diffuse light stimuli and the
focal transretinal responses were markedly
enlarged, background illumination did not
cause a negative transretinal shift and reduced
the focal response (A-B). Furthermore, al-
though the focal transretinal response and S-
potentials returned to the original amplitude,
background illumination still reduced the focal

Fig. 6. NH, experiment with simultaneous
recording of the transretinal response (Trt) and
S-potential (Vh). Records A-B were continuous
(D), whereas records C to E were obtained 3, 5
and 10 min after the second application of NH,
(¥ in B), respectively ; the membrane potentials
were recorded from different horizontal cells.

transretinal response (E). In these periods
(after NH; application and in its recovery),
therefore, the negative intraretinal potential
shift in response to background illumination
(PII) was selectively abolished, as already
shown in Fig. 4.

Discussion

Possible changes in extra- and intra-cellular

pH

The agents used in the present experiments
can cause pH changes in the retinal tissue.
HCN and CO, should decrease while NH,
should increase the tissue pH. CO, reduced
while NH; enhanced the amplitude of the
transreceptoral response, possibly due to in
part a primary effect of the opposite pH shifts
on the receptor cells. However, HCN and NH,
showed a similar effect to that of anoxia on the
horizontal cell mambrane potential; all of
them initially depolarized and subsequently
hyperpolarized the cells, and abolished the
activities in the layer proximal to the receptor
cells. On the other hand, CO, caused purely a
hyperpolarization of horizontal cells and
reduced all the responses with the same time
course, but did not block synaptic transmission
from the receptors to second order cells at this
concentration of CO,. Therefore, the initial
depolarization of horizontal cells and the
synaptic blockage at the OPL, caused by HCN
and NHj, appear not only due to a pH change
in the tissue but also due to an impairment in
aerobic metabolism.

CO, and NH, have been shown to decrease
or increase the intracellular pH of snail
neurons much more rapidly and largely than to
change the extracellular pH !8). Recently, with
the same intracellular pH-sensitive micro-
electrode developed by the above author,
Spray et al.'® have demonstrated that the gap
junctional conductance is a simple and sensi-
tive function of intracellular pH. In their
experiments, CO, is used to reduce the in-
tracellular pH in electrically coupled cell pairs
from blastomeres of amphibian and teleost
embryos at the cleavage stage.
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In the fish retina, horizontal cells in a given
layer are electrically coupled at gap junctions
between them?2V, If CO, or NH, is assumed
to primarily alter the intracellular pH of
horizontal cells, the lateral spread of S-poten-
tials (reflected in a hyperpolarization caused
by background illumination in the present
recordings) would be readily altered ; CO,
reduces while NH; increases the spread poten-
tial. However, the situation is not simple as
will be discussed, and the present experiments
are not appropriately designed for the purpose
to explore electrical coupling at gap junctions
between horizontal cells. CO, may primarily
act on cones and Miiller cells to reduce the
intracellular pH, because carbonic anhydrase
activity has been found densely in the laminat-
ed segment of cones and in Miiller cells but
negative in rod, horizontal, bipolar and
ganglion cells??. Certainly, CO, reduced (Fig.
5) while NH; increased the amplitude of the
transreceptoral response (Fig. 6); a possible
intracellular pH shift in cones might be linked
with such response changes.

Anoxia sensitivity at the outer plexiform

layer

The results shown in Fig. 1 with the carp
retina confirmed earlier findings, reported on
the retina of marine fishes, that the horizontal
cell membrane potential is strongly influenced
by anoxia, HCN, NH, and CQO,"-".

From the results shown in Figs. 1A and 2, it
could be stated that the receptor cells were still
responding to the focal stimulus, when the
intraretinal responses and the S-potential
disappeared during the course of O,-depriva-
tion. The anoxic abolition of the intraretinal
responses means that the retinal layer proximal
to the receptor cell layer became inactive.
Drujan et al .V showed, with a double cham-
ber system and with focal and non-focal light
stimuli (see their Figs. 5 and 6), that the S-
potential is able to spread laterally through an
anoxic area of the retina. Therefore, they
concluded that the oxygen-dependence of the
S-potential is located at the receptor cell level

rather than at the horizontal cell level.
However, taking into consideration the present
finding (Figs. 1A and 2) that the transre-
ceptoral response remained while the prox-
imal responses (proximal PIII, PI and S-
potential) were abolished during the course of
O,-deprivation. The site most susceptible to
anoxia appears to be located at the outer plexi-
form layer. If this is the case, it could be
reasonably assumed that the focal S-potential
in the experiment by Drujan et al.*V was
readily abolished due to an anoxic blockage of
synaptic transmission from the receptors to
horizontal cells. The fact that the S-potential
spreads laterally through an anoxic part
indicates that the membrane properties of the
somata at gap junctions beween horizontal
cells are not altered significantly during such a
brief period of O,-deprivation. A possible
evidence, for the view that synaptic transmis-
sion is the earliest event influenced by hypoxia,
was presented by Eccles et a/.*® in the cat
spinal reflex, and also by Hubbard and
Lgyning?* in cat diaphragm-phrenic nerve
preparations. According to the latter authors
view, Trifonov and Ostrovskii?® assumed the
synaptic region at the outer plexiform layer in
the carp retina to be the anoxia-sensitive site ;
the results presented here supports this assump-
tion.

On the basis of the viwe of Trifonov?® that
a depolarization of horizontal cells is due to
transmitter release from receptor terminals, an
L-aspartate or L-glutamate-like substance has
been assumed to be an excitatory synaptic
transmitter of receptors on horizontal
cells?” -39, Either amino acid, applied diffusely
over the receptor surface, depolarizes horizont-
al cells, abolishes the S-potentials and isolates
the transreceptoral response (distal PIII) from
the other components of ERG?#3Y-33) On the
other hand, elevated Mg* (20 mM) and
lowered Ca* (0.5 mM) in a perfusing solution
have been shown to hyperpolarize horizontal
cells, block the S-potentials and to isolate the
distal PIII, also causing a synaptic brockage
from receptor terminals to horizontal cells?”34,
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The synaptic blockage with L-glutamate or L-
aspartate has been assumed to be due to a
depolarization-inactivation, whereas that with
high Mg"* plus low Ca* to be due 1o a stop
of transmitter release from receptor terminals,
If these assumptions are adaptable to inter-
pretation of the present results, it would be
conceivable that anoxia, metabolic inhibitors
and NH; may initially facilitate transmitter
release from receptor terminals (slight de-
polarization of horizontal cells) and sub-
sequently stop the release (large hyperpolariza-
tion). Therefore, the oxygen dependence of the
horizontal cell membrane potential may reflect
the aerobic metabolism of the receptor cells,
which couples with a transmitter-release
mechanism in their synaptic terminals. How-
ever, a possibility that the postsynaptic
membrane of apical dendrites of horizontal
cells becomes inactive under hypoxia could
neither be rejected completely nor be proved in
any way with the present results.

Center-surround organization of the trans-

retinal response

The amplitude of the focal transreceptoral
response was slightly reduced by diffuse
background illumination while the focal
intraretinal response was markedly enhanced
(Fig. 2A). This effect is due to an antagonistic
center-surround organization of the surface
potential'*® and it was observed in the
transretinal response (record A in Figs. 3, 4
and 6). Therefore, it can be stated that a neural
mechanism participating in the background
illumination effect or in the center-surround
phenomenon of the transretinal response takes
place at a level proximal to the receptor cell
layer, as already pointed out by Murakami and
Sasaki'®17,

In the present series of experiments, the focal
stimulus was monochromatic at 620 nm while
the diffuse background illumination was white,
delivered from a 6-V pilot lamp. Therefore, the
focal light stimulated mainly the cone system
but the diffuse light activated both cone and
rod systems. However, additional experiments,

in which white focal and diffuse lights or red
focal (620 nm) and diffuse (600 nm) lights were
combined in the same way as in the experi-
ments illustrated, showed the same enhancing
effect of the diffuse background on the focal
transretinal response. Therefore, the neural
mechanisms participating in the enhancing
effect cannot be due to interactions between the
cone and rod systems. It is obvious that the
enhancing effect of the diffuse background
illumination on the focal response requires the
induction of a negative shift (PIl-dominant) in
the intraretinal potential.

Selective  abolition of  the

negative potential by NH,

transretinal

In the present experiments, we were unable
to control a quantity of NH, applied. The
initial effect of this vapor at smaller doses was
to enlarge the focal transretinal response (P
III) and S-potential (see the first application in
Fig. 6A). The initial enlargement of the
transretinal response (see also Fig. 6A) is
assumed to be in part due to an enlarged
transreceptoral response (Fig. 4A), to an
enlarged intraretinal response, or due to those
of both responses. The final effect of NH, at
larger doses was to abolish all kinds of activity
in the proximal layer (S-potential, PII and
proximal P III), while the transreceptoral
response (distal PIII) remained almost un-
changed (as seen at the beginning of Fig. 4B).
It is of interest to point out that the enlarge-
ment of the focal transretinal response was
coincident in time with that of the focal S-
potential following the first NH, application
(Fig. 6A-B), but during this period diffuse
background illumination reduced the focal
transretinal response, which had been enhanc-
ed by the background before the NH, applica-
tion. This indicates that NH, interferes selec-
tively with a neural process participating in
generation of the negative intraretinal potential
shift (PII) in response to diffuse background
illumination and its enhancing effect on the
focal intraretinal response. This selective
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abolition by NH; persists during the recovery
state of the responses (Fig.6E). If the origin of
a part of PII (b-wave) is Miiller cells, as
suggested by recent workers?®-37, the K*-
sensitivity of those cells might intimately be
related to changes in the intracellular pH.
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