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§53%, TOIRAERYEM I, RERWBC X 28R MEXHEAI L. ~e) F—1 (20uM) 1 2ETBER
B XsbEEEHFIE, REENELMB R, H5M LB mRY F— (20aM) EAI L - THBIE LR T o
BRE/NEIE N = R Y P AEANSBIC F =03 v (50uM) ZBMFEATAZ S Lo TEE L. UEDORRL D F—02:
VIETAE B L ORIHBRORBIC B\ CREFTERESELHIEI L, O LTRSS #E R~ DOIISIER ik — g EmEire
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BTAZ Lk WV EEEROBEFERKS THS 30Hz 7V v 7 —FEERIHRT A @ERAR) s IET -3y
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RENENS T & 154 [HIREER L. A 50 lux OFIBEIZ X 5 30Hz 7 ¥ » » —BIRERFER 2B ES108# ToRiRIC
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BRIDRAR (FEEL, IRIGIEL S X ORI 7 %) R Lic. 8
R FIZ588 (Ussing type chamber) X =0 DN T2 75 A
F oy 7B (MR 5.0X5.0%5.0cm) 2bieh, RERDOH
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Fig.1. Recording configuration for the in-vitro electroreti-
nogram (ERG) in the excised eye-cup of the bullfrog. The
posterior portion of the hemisected eyeball was mounted
between two chambers of an Ussing-type. The control
perfusate and test perfusates were continuously oxygena-
ted with 100% O, and maintained at pH 8.1. The ERG,
were lead off through a pair of Ag-AgCl electrodes in
each chamber. White light stimuli of 2-sec duration with
intensity varying from 107 to 10 lux were given every one
minute. Prior to an application of a test perfusate, stable
ERG, were confirmed for at least 20 minutes in the
control perfusate. The ERG, were recorded every one
minute for 20 minutes in the test perfusion.
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) DEBRC L DEXICHELR.

FELBE WX-1000 (ZFBIEH) X - THRE S hic
500W *-+ . v 7 — 27 Xenon Arc 45 (= RBFERT) 72585
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hICEFORIFBICHN T3, ERACRT2EFOEBOLLE
RONCERI L. BT LA UFEe & v AR GRE) IC8K
0.1ml %, WR (FRE) wx B 0.Iml 2WTFHERCEAL
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RO, e Y P L0 AREBEERY 50uM & #FER
ha.
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BIERAEEYR L. dBIRIPREAL, A7/ NELBAL
fo. NBEOBEM X b b ERIBCSCPEEERLA AL
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Effects of perfusion with dopamine (DA) on the in-vitro ERG of the bullfrog under the dark. DA suppressed the latter

portion of the b-wave at all DA concentrations tested [1 #M (A), 10 #M (B), 100 ¢gM (C) and 1 mM (D)]. DA of 10 sM and
100 #M enhanced the oscillatory potentials, the d-wave and the off-wavelets. Stimulus intensity was 1.0 lux at the retina. The

b-wave and the d-wave were recorded with an amplifier time constant of 2.0 sec.
off-wavelets were recorded with an amplifier time constant of 2.0X107% sec.

deflections indicate the onset and the cessation of stimulus light, respectively.

The oscillatory potentials and the
The rectangular upward and downward
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Fig. 3.

Effects of perfusion with DA on the in-vitro ERG of the bullfrog under red background light.
#M (B) suppressed the second peak of the b-wave.

DA of 1 uM (A) and 10

DA of 100 #M (C) and 1 mM (D) suppressed the latter portion of the

b-wave. DA enhanced the d-wave at all DA concentrations tested. DA of 10 gM (B) and 100 #zM (C) enhanced the oscillatory

potentials and the off-wavelets.

Both responses were transiently enhanced and were gradually suppressed by 1 mM DA (D).

Stimulus and background intensity were 1.0 10 lux and 5.0 107! lux at the retina, respectively. The b-wave and the d-wave

were recorded with an amplifier time constant of 2.0 sec.
an amplifier time constant of 2.0 107? sec.

The other recording procedures were the same as in Fig. 2.

The oscillatory potentials and the off-wavelets were recorded with
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Fig. 4. Effects of perfusion with 10 uM DA for 60 min on
the intensity series of the b-wave (A) and the oscillatory
potentials (B) of the bullfrog in-vitro eye-cup under the
dark. Ten M DA diminished the b-wave at all stimulus
intensities tested. Ten uM DA enhanced the oscillatory
potentials elicited by stimulus light of —2 log unit or
brighter. Stimulus intensity of zero log unit was 1.0x10
lux at the retina. Amplifier time constant was 2.0 sec for
the b-wave and 2.0 107? sec for the oscillatory potentials..

The other recording procedures were the same as in Fig.
2.

3

+2.1%, —13.3% % X 1°—6.5%, —3 log DRBMHETO0Y%,
—4.5%BLV0%, —2log DHBNT—5.3%, —4.8% % &
0%, —1 log DRBKET—5.5%, —5.0% % L 1V—4.5%,
0log DFIBMHETOX, 0% BLIT0XTH D, MRBIT N
THRAUBHITI AT F =3 VIR B X 5 b EESEROER
XX D EHTH - BERRERERTOELEITIIBTE
hER+193.3%, +120.0% KB LU +187.5% TH -7, &H)
BB RIERTOFEICEE LTIk & OHED i - TS
BANED O 225 O ¥ CORERY AFH L TR L.

2. BB2 I ~eR) P AWTFHERAEAC L A HEERD
1L

srRY F— L ORBTFEREA GeM) € & H BEERIZE
EAEEELish o7 (K8). ~r ) F— A OWFEHEREA
(10M) THHE O BEEROE(LIZRD bhieh - (K

Before injection DA (50 x M) injected

A / \'\\‘
- / .\\\ Tl
\‘-\ N
g < / N / \\«.,‘. )
N NN - SUR
PR O AN
= N, T 7
g -1 / \\\..‘ J \~ B
g f\\\ T " St
a ° \/ ~ / N - |200
) iy e : e v
T I 50msec
B A
0 - N M\ ~emere | 200V
\/ 10msec

N N

Fig.5. Effects of an intravitreal injection of DA on the
ERG of the rabbit under the dark. Unilateral eye was
injected with 100 #l of the test solution which contained
DA of 9.0x10* gM, ascorbic acid of 9.0x10* uM and
pargyline, a monoamine oxidase inhibitor of 9.0x10* uM.
These doses gave an intravitreal concentration of 50 uM
for each agent, if diffused evenly in the vitreous cavity.
The ERG. after dark adaptation for 90 min were compared
before and 90 min after a single-shot intravitreal injection.
The ERG, were lead off through a needle active electrode
penetrated in the corneal stroma and an Ag-AgCl
reference electrode placed on the forehead in this figure
and in all figures showing the ERG hereafter. The left
and right traces show the ERG. before and after injection
of the test solution, respectively. While an intravitreal
injection of DA suppressed the amplitude and shortened
the peak latency of the b-wave elicited by a dim stimulus
light in the dark-adapted eye (the scotopic b-wave) (A), it
enhanced the oscillatory potentials elicited by repeated
bright stimulus lights (zero log intensity) (B). The ERG,
were unchanged in the fellow eye injected with 100 ulof
the control solution which contained pargyline and ascorbic
acid only. White light of 100-msec duration with various
intensities were given as light stimuli. Stimulus intensity
of zero log unit was 5.0%10° lux at the cornia. Amplifier
time constant was 2.0 sec in A and 3 msec in B.
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Fig. 6. Effects of an intravitreal injection of haloperidol
(HAL) on the ERG of the rabbit under the dark. Because
HAL is lactate-soluble but water-insoluble, 0.5% lactate
was used as a vehicle. Unilateral eye was injected with
100 gl of the test solution which contained 3.6 x10° uM
HAL in the vehicle. This dose gave an intravitreal
concentration of 20 M for HAL, if diffused evenly in the
vitreous cavity. The ERG, were compared before and 90
min after a single-shot intravitreal injection. The other
recording procedures were the same as in Fig. 5. The
left and right traces show the ERG, before and after
injection of the test solution, respectively. An intravitreal
injection of HAL (20 uM) suppressed the b-wave elicited
by a bright stimulus light (zero log intensity) (A) and the
oscillatory potentials elicited by repeated bright stimulus
lights (zero log intensity) (B). The ERG, were unchanged
in the fellow eye injected with 100 ul of the control
solution which contained the vehicle only. Amplifier time
constant was 2.0 sec in A and 3 msec in B.
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Fig. 7. Effects of an intravitreal injection of DA on the
oscillatory potentials in HAL-pretreated eyes of the rabbit
under the dark. The uppermost trace shows the initial
control wavefrom before injection. The second trace,
recorded 90 min after an intravitreal injection of HAL (20
4M), shows the suppression of the oscillatory potentials.
The eyes were further injected with DA (50 ¢M), and the
lowest ERG was recorded 90 min later. The other
recording procedures were the same as in Fig. 5. The
oscillatory potentials were markedly recovered by injecting
DA following HAL to surpass the amplitude before
HAL-injection. The sham-operated control eye injected
with lactate only or lactate plus pargyline and ascorbic
acid showed no remarkable changes in the ERGs (not
illustrated). Amplifier time constant was 3 msec,
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Fig. 8. Effects of an intravitreal injection of DA on the
30-Hz flicker ERG, of the rabbit. Unilateral eye (B) was
injected with 100 zl of the test solution which contained
9.0%10* uM DA, 9.0 X 10* uM ascorbic acid and 9.0 x 10°* uM
pargyline. The fellow eye (control eye) (A) was injected
with 100 ul of the control solution which contained
pargyline and ascorbic acid only. These doses gave an
intravitreal concentration of 50 uM for each agent, if
diffused evenly in the vitreous cavity. The 30-Hz flicker
ERG,, elicited by flickering stimulus light of 50 lux at the
cornea, were continuously recorded for 15 min after dark
adaptation of 45 min. The series of the 30-Hz flicker
ERG, were compared before and after a single-shot
intravitreal injection of DA. As shown in A and in the
left half of B, the amplitude of the control flicker ERG,
gradually increased with the advance of light adaptation
induced by repetitive flickering stimuli. As shown in the
right half of B, after an intravitreal injection of DA (50
#M) the amplitude was already large soon after the onset
of flickering stimuli, and little increment phenomenon was
observed. Amplifier time constant was 2.0 sec. Stimulus
intensity was 5.0X10 lux at the cornea. The rectangular
upward and downward deflections indicate the onset and
the cessation of flickering stimuli, respectively.
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Fig. 9. Effects of an intravitreal injection of DA (50 ¢M) on
the increment phenomenon of the 30-Hz flicker ERG, in
the rabbits. The amplitudes of the 30-Hz flicker ERG, at
10 sec, 30 sec, 1 min, 2 min, 5 min, 10 min and 15 min
after the onset of flicker stimulation were normalized
against the initial amplitude at 10 sec in 10 rabbits. The
mean and the standard deviation (vertical bar) of these
normalized percent amplitudes were plotted against the
time after the onset of flicker stimulation. The magnitude
of the increment (the ratio of the ERG amplitude at 15
min to that at 10 sec) was significantly smaller in the eyes
after an intravitreal injection of DA (C) (1.16£0.19) than in
the eyes before injection (A) (2.24+0.87) (p<0.05) or after
an intravitreal injection of the vehicle (the same procedure
as in Fig. 8) (B) (1.94£0.65) (p<<0.05).
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Fig. 10. Effects of an intravitreal injection of SCH-23390 on
the 30-Hz flicker ERG, of the rabbit. Unilateral eye (B)
was injected with 100 ul of the test solution which
contained SCH-23390 of 3.6 10* M resolved in Opeguar-
d®-MA as a vehicle. This dose gave an intravitreal
‘concentration of 20 #M for SCH-23390, if diffused evenly
in the vitreous cavity. The fellow eye (control eye) (A)
was injected with 100 gl of the control solution which
contained the vehicle only. The 15-min series of the
30-Hz flicker ERG, were compared before and 45 min
after a single-shot intravitreal injection of SCH-23390. The
other recording procedures were the same as in Fig. 8.
As shown in A and in the left half of B, the amplitude of
the control flicker ERG, gradually increased with the
advance of -light adaptation induced by repetitive flickering
stimuli., As shown in the right half of B, after an
intravitreal injection of SCH-23390 (20 M), the amplitude
was smaller soon after the onset of flickering stimuli.
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Fig. 11. Effects of an intravitreal injection of SCH-23390 (20
uM) on the increment phenomenon of the 30-Hz flicker
ERG. in 10 rabbits. The other recording procedures were
the same as in Fig. 9. The magnitude of the increment
was significantly larger in the eyes after an intravitreal
injection of SCH-23390 (C) (3.2510.42) than in the eyes
before injection (A) (2.68+0.46) (p<0.05) and was not
significantly larger than in the eyes after an intravitreal
injection of the vehicle (Opeguard®—MA) (B) (2.5910.62)
(0.1<p<0.25). :
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Fig.12. Effects of an intravitreal injection of fluphenazine on
the 30-Hz flicker ERG, of the rabbit. Unilateral eye (B)
was injected with 100 x| of the test solution which
contained fluphenazine of 9.0x10* uM resolved in Opegu-
ard®-MA as a vehicle. This dose gave an intravitreal
concentration of 50 uM for fluphenazine, if diffused evenly
in the vitreous cavity. The fellow eye (control eye) (A)
was injected with 100 ul of the control solution which
contained the vehicle only. The 15-min series of the
30-Hz flicker ERG, were compared before and 45 min
after a single-shot intravitreal injection of fluphenazine.
The other recording procedures were the same as in Fig.
8. As shown in A and in the left half of B, the amplitude
of the control flicker ERG, gradually increased with the
advance of light adaptation induced by repetitive flickering
stimuli. As shown in the right half of B, after an
intravitreal injection of fluphenazine (50 ¢M), the amplitu-
de was smaller soon after the onset of flickering stimuli,
and larger increment phenomenon was observed.
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Fig.13. Effects of an intravitreal injection of fluphenazine
(50 M) on the increment phenomenon of the 30-Hz
flicker ERG, in 6 rabbits. The other recording pracedures
were the same as in for Fig. 9. The magnitude of the
increment was significantly larger in the eyes after an
intravitreal injection of fluphenazine (C) (3.82+0.06) than in
the eyes before injection (A) (3.35+0.25) (p<0.05) and was
not significantly larger than in the eyes after an intravitr-
eal injection of the vehicle (Opeguard®-MA) B) (2.73
+0.63) (0.06<p<0.1).




440 pil

Vehicle
Before injection injected
{control)

AN

>

<

10sec

ker stimuli

30sec

i
W)

[{

-

==

2min

5min
10min /\/\M

555

15min

>

%
E

Time after commencement of fl

5uv

50msec

ey)

Sulpiride
Before injection (50uM)
injected

===

JAYAYA

S

E

Time after commencement of flicker stimuli
o N
3 3
5 3

] 5uVv

50msec

Fig. 14. Effects of an intravitreal injection of sulpiride on

the 30-Hz flicker ERG, of the rabbit. Because sulpiride is
lactate-soluble but water-insoluble, 0.5% lactate was used
as a vehicle. Unilateral eye (B) was injected with 100 zl
of the test solution which contained sulpiride of 9.0x10?
#M in the vehicle. This dose gave an intravitreal
concentration of 50 #M for sulpiride, if diffused evenly in
the vitreous cavity. The follow eye (control eye) (A) was
injected with 100 ul of the ocntrol solution which contain-
ed the vehicle only. The 15-min series of the 30-Hz
flicker ERG, were compared before and 45 min after a
single-shot intravitreal injection of sulpiride. The other
recording procedures were the same as in Fig. 8. As
shown in A and in the left half of B, the amplitude of the
control flicker ERG, gradually increased with the advance
of light adaptation induced by repetitive flickering stimuli.
As shown in the right half of B, after an intravitreal
injection of sulpiride (50 M), the amplitude was already
large soon after the onset of flicker stimulation, and little
increment phenomenon was observed.
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Fig. 15. Effects of an intravitreal injection of sulpiride (50

£M) on the increment phenomenon of the 30-Hz flicker
ERG; in 10 rabbits. The other recording procedures were
the same as in Fig. 9. The magnitude of the increment
was significantly smaller in the eyes after an intravitreal
injection of sulpiride (C) (1.22+0.16) than in the eyes
before injection (A) (1.7540.49) (p<0.05)- and was not
significantly smaller than in the eyes after an_ intravitreal
injection of the vehicle (0.5% lactate) (B) (1.5740.43)
(0.1<p<0.25).
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Fig. 16. Effects of an intravitreal injection of HAL (20 zM)
on the 30-Hz flicker ERG, of the rabbit. 0.5% lactate was
used as a vehicle. Unilateral eye (B) was injected with
100 pl of the test solution which contained HAL of
3.6%x10% uM in the vehicle. This dose gave an intravitreal
concentration of 20 uM for HAL, if diffused evenly in the
vitreous cavity. The fellow eye (control eye) (A) was
injected with 100 ul of the control solution which contain-
ed the vehicle only. The 15-min series of the 30-Hz
flicker ERG, were compared before and 45 min after a
single-shot intravitreal injection of HAL. The other
recording procedures were the same as in Fig. 8. As
shown in A and in the left half of B, the amplitude of the
control flicker ERG, gradually increased with the advance
of light adaptation induced by repetitive flickering stimuli.
As shown in the right half of B, after an intravitreal
injection of HAL (20 gM), the amplitude was not remar-
kably changed soon after the onset of flicker stimulation,
and amplitude increment was smaller than in the control
fellow eye (the right half of A).
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Fig. 17. Effects of an intravitreal injection of HAL (20 uM)
on the increment phenomenon of the 30-Hz flicker ERG, in
6 rabbits. The other recording procedures were the same
as in Fig. 9. The magnitude of the increment was not
significantly smaller in the eyes after an intravitreal
injection of HAL (C) (2.214£0.74) than in the eyes before
injection (A) (3.17£0.60) (0.1<p<0.25) or after an
intravitreal injection of the wvehicle (0.5% lactate) (B)
(2.75+0.27) (0.25<p<0.5).
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Fig. 18. Eifects of an intravitreal injection of HAL (50 M)
on the 30-Hz flicker ERG; of the rabbit. 0.5% lactate was
used as a vehicle. Unilateral eye (B) was injected with
100 x4l of the test solution which contained HAL of
9.0x10* uM in the vehicle. This dose gave an intravitreal
concentration of 50 uM for HAL, if diffused evenly in the
vitreous cavity. The fellow eye (control eye) (A) was
injected with 100 zl of the control solution which contain-
ed the vehicle only. The 15-min series of the 30-Hz
flicker ERG, were compared before and 45 min after a
single-shot intravitreal injection of HAL. The other
recording procedures were the same as in Fig. 8. As
shown in A and in the left half of B, the amplitude of the
control flicker ERG, gradually increased with the advance
of light adaptation induced by repetitive flickering stimuli.
As shown in the right half of B, after an intravitreal
injection of HAL (50 M) the amplitude was smaller soon
after the onset of flickering stimuli.
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Fig. 19. Effects of an intravitreal injection of HAL (50 #M)
on the increment phenomenon of the 30-Hz flicker ERG. in
6 rabbits. The other recording procedures were the same
as in Fig. 9. The magnitude of the increment was not
significantly smaller in the eyes after an intravitreal
injection of HAL (C) (2.1540.52) than in the eyes before
injection (A) (3.5040.88) (0.05<p<0.1) or after an
intravitreal injection of the vehicle (0.5% lactate) (B)
(2.771+0.54) (0.25<p<0.5).
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Electrophysiological Study of Retinal Dopaminergic System Kaname Katoh, Department of Ophthalmology,
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Abstract

The effects of dopamine (DA) on the electroretinograms (ERG,) were studied in the bullfrog eyes in-vitro and albino
rabbit eyes in-vivo. The posterior half of the hemisected bullfrog eye ball was mounted between two chambers of an Ussing-
type, and continuously perfused in both sides of the tissue with a control perfusate or a DA-containing test perfusate (1, 10,
100uM and 1mM). DA of 10 and 100puM enhanced the oscillatory potentials, the d-wave and the off-wavelets. These
responses were transiently enhanced, and were gradually suppressed by imM DA. DA of 10puM diminished the b-wave and
enhanced the oscillatory potentials especially at low stimulus intensities. The effects of DA and haloperidol (HAL), a potent
D, — D, blocker, on the ERG, were also investigated in albino rabbits. An intravitreal injection of DA (approximate
intravitreal concentration: S0uM; likewise hereafter) suppressed the scotopic b-wave and enhanced the oscillatory potentials
elicited by repeated bright stimuli, but did not significantly affect the b-wave elicited by a bright stimulus. An additional
intravitreal injection of DA (50uM) in the eyes already injected with HAL (20uM) resuscitated the oscillatory potentials
beyond the pre-HAL status. These results suggested that DA suppresses the scotopic system and potentiates the photopic
system. The amplitude of the 30-Hz flicker ERG,, one of the photopic ERG components, increases with advance of light
adaption, probably due to the dissociation of rod-cone suppression which operates in the dark-adapted state. To examine the
involvement of DA in rod-cone interaction, the effects of an intravitreal injection of DA (50uM), SCH-23390 (D,-blocker,
20uM), fluphenazine (D,-blocker, 50pM), sulpiride (D,-blocker, 50puM) and HAL (20 and 50uM) on the above-mentioned
increment phenomenon of the 30-Hz flicker ERG, were examined. The 30-Hz flicker ERG, were compared before and after
an intravitreal injection of each of the above-mentioned agents in albino rabbits. The 30-Hz flicker ERG;, were continuously
recorded with a stimulous intensity of 5.0 x 10 lux at the cornea for 15 min after a 45-min-dark adaption. The magnitudes of
the increment ( the ratio of the amplitude at 15 min to that at 10 sec after the onset of flicker stimulation) in the DA-, SCH-
23390-, fluphenazine-, sulpiride-, and HAL (20 and 50uM)-injected eyes were 1.1620.19 (mean +S.D.), 3.25+0.42,
3.8240.06, 1.2240.16, 2.2140.74 and 2.15+0.52, respectively; and those in eyes before injection and control fellow eyes were
2.68+0.91 and 2.30£0.75, respectively. The magnitude of the increment of the flicker ERG, was suppressed by DA and
sulpiride, enhanced by fluphenazine and SCH-23390, and not significantly affected by HAL. Considering that DA is
synthesized and released at the time of switching from darkness to light in the retina, the results of the present study indicate
that the mechanism mediated via D,-receptor is mainly involved in the increment phenomenon of the 30-Hz flicker ERG,,
eventually facilitating the photopic function by disengaging the rod-cone inhibition in the retina.



