
Eye (1990) 4, 806-812 

The Influence of Dopamine on Spatial Vision 

J. P. HARRIS*, J. E. CALVERT*, J. A. LEENDERTZ**, and O. T. PHILLIPSON** 

Bristol 

Summary 
Contrast thresholds for, and contrast matches between, stationary gratings of three 
spatial frequencies (0.5, 2, and 8 c/deg) were measured on eight subjects with a 
history of schizophrenia, just before, and again two to three days after, a therapeutic 
injection of depot neuroleptic. The drug enhanced sensitivity at the low, and reduced 
it at the medium and high spatial frequency. After injection, subjects required more 
contrast to match the apparent contrast of the high, and less contrast to match that of 
the low, to that of the medium spatial frequency. Pupillary measurements suggested 
that these effects were not due to drug-induced changes in pupil size. The results are 
discussed in terms of the functional role of dopamine in the retina, and a possible 
application in therapy for amblyopia. 

Potential roles for drugs in therapy 
for amblyopia 
Current treatment for amblyopia is environ
mental: the 'good' eye is covered for a vari
able period each day, so that the patient is 
'forced to use' the amblyopic eye. Such treat
ment is not always effective, and the patient 
may be left with a permanent visual 'deficit in 
the affected eye. A possible approach to 
improvement, which may be worth consider
ing, is the use of drugs. Animal studies suggest 
two ways in which pharmaceutical agents may 
be useful in amblyopic therapy: first, it may be 
possible to elongate or re-create the human 
visual 'critical period' , since there are reports 
that one can 're-plasticise' cat visual cortex; 
and secondly, since certain neuromodulators 
appear to be involved in the receptive field 
properties of visual neurones, it may be poss
ible to enhance the effects of environmental 
therapy by altering their activity. 

At present such ideas are 'science fiction': 

no-one knows whether it is possible to plas
ticise human neural systems (and what the 
unwanted consequences would be), and the 
study of the role of neuromodulators in 
human vision is in its infancy. The second 
approach may have some promise, however, 
but it presupposes an understanding of visual 
neurotransmitter function, and the present 
study is an attempt to extrapolate from the 
results of anatomical and pharmacological 
work in animals to visual perception in man . 

Dopamine in vision 
Dopamine (DA) is an important neurotrans
mitter in the CNS as a whole, and is found at 
several sites where it may influence visual 
function directly. For example, it exists in the 
retina in many species, including man!, and 
there is a dopaminergic projection from the 
midbrain to visual cortex in the cat . 2 The func
tion of the cortical projection is unknown, but 
the role of retinal dopamine has been widely 

From: *Perceptual Systems Research Centre, Department of Psy chology, Bristol; and **Department of 
Anatomy, School of Medical Sciences, University of Bristol, Bristol. 

Correspondence to: J. P. Harris, Department of Psychology, University of Reading, Early Gate, White knights, 
Reading RG26 2AL. 



DOPAMINE AND SPATIAL VISION 807 

studied. DA amacrines secrete dopamine in a 
graded manner as retinal illuminance is 
raised3,4,5; DA produces a change in the 
centre/surround organisation of some recep
tive fields6; and it can produce a shift of gain in 
the response of ganglion cells. 7 From evidence 
like this it has been suggested that DA is 
involved in the re-organisation of receptive 
field properties which accompanies changes 
of retinal illuminance.8 

In man, sensitivity to medium and high spa
tial frequencies is progressively lost as retinal 
illuminace is lowered, and the contrast sensi
tivity function changes from band-pass, with a 
peak at medium spatial frequencies, to low 
pass.9 Physiologically, these changes may 
correspond to a reduction in contrast gain in 
retinal ganglion cells. If the reduction were 
more rapid for small receptive fields, or if they 
were active only at and above medium lumi
nances, the psychophysical data would be 
explained. 10 On the assumption that, in man, 
this process involves DA amacrines, one 
might expect that interference with DA func
tion would change the perception of contrast. 

Evidence for a role for dopamine in contrast 
perception 
Since dopamine is secreted by amacrines as 
luminance rises, a working hypothesis is that a 
reduction in DA activity in man would pro
duce an effect on contrast perception like that 
of lowering luminance, and an increase in DA 
activity would have the opposite effect. Some 
evidence for this view already exists: in Par
kil)son's disease (PD), losses of contrast sensi
tivity for medium and high spatial 
frequencies, and an enhancement of sensitiv
ity at low spatial frequencies, have been 
reported.ll Such changes need not involve the 
retina, but studies of the latencies of the 
VEp12 and ERG13 suggest a retinal DA 
abnormality in the illness. Conversely, 
Domenici et al.14 found that dopaminergic 
drugs can enhance contrast sensitivity for 
medium spatial frequencies in normal individ
uals. At contrast threshold, the interference 
with DA behaves as predicted from the lumi
nance adaptation hypothesis. Does DA have 
similar effects above threshold? One way to 
investigate this is to use a visual test which is 
known to depend upon contrast level in 

normal vision. The size of the tilt aftereffect 
(TAE-the apparent change of orientation of 
a line or grating which can follow prior inspec
tion of a line or grating of a slightly different 
orientation) is known to depend on stimulus 
contrast.J5 When the adapting and test grat
ings (2 c/deg) are of low contrast (10%) and 
the test grating is of short duration (100 ms), 
the effects of 200 mg oral L-dopa are almost 
identical to raising the contrast to 30%.16 The 
opposite effect is found when PD patients are 
compared with age-matched controls, 17 These 
two experiments suggest that DA may indeed 
be involved in the supra-threshold contrast 
gain of medium spatial frequency channels. 

The present study is an attempt to demon
strate, above threshold, the kind of shift in the 
contrast response function found at threshold 
in PD, 11 namely a loss at medium and high 
spatial frequencies and an enhancement at 
low spatial frequencies. The experimental 
technique used is contrast matching, in which 
a 'standard' grating of some contrast is pre
sented, and the subject's task is to match its 
apparent contrast by adjusting the contrast of 
a 'variable' grating of a different spatial fre
quency. In the experiment to be reported, the 
spatial frequency of the standard grating was 
always 2 c/deg, while that of the variable was 
either 2, 8 or 0.5 c/deg. If the effect reported 
by Bodis-Wollner also holds above threshold, 
then, when DA is depleted, less contrast 
should be needed to match the apparent con
trast of the low (0.5 c/deg) grating to that of 
the medium (2 c/deg) , and more to match the 
contrast of the' high (8/deg) grating to the 
medium. The 2 c/deg variable was used to 
check on how well subjects could make con
trast matches: if the matches were poor even 
whep the two gratings had the same spatial 
frequency, it would reduce confidence in the 
matches made when they were not. Contrast 
thresholds and pupil diameter were also 
measured: the pupil size is one determinant of 
retinal illuminance which is known to affect 
the perception of contrast. 

Methods 

Apparatus 
A purpose built digital generator18 produced 
the necessary waveforms to generate station
ary gratings with a sinusoidal luminance pro-
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file on the face of a Tektronix 608 display 
oscilloscope. The frame rate was 100 Hz, and 
the generator was programmed between 
frames by an Apple II microcomputer. The 
oscilloscope screen was divided electronically 
into two around its vertical midline, so that 
vertical gratings whose spatial frequency and 
contrast were independently variable (with 10 
bit resolution) could be presented on both 
sides of the screen. The dimensions of the 
whole screen were six degrees wide by five 
degrees high at the viewing distance of 114 
cm, which was maintained with a chin rest. 
The mean luminance was always 120 cd/m.2 

The vertical midline of the screen was covered 
with a strip of black card 0.5 degrees wide, 
which was expanded in the centre to form a 
disc two degrees in diameter. A small hole in 
the centre of the disc served as fixation point. 
The object of the disc and fixation point was to 
prevent the subject using his fovea in the task, 
since in rhesus monkey OA amacrines paral
lel the rods in density, being sparse or absent 
in the fovea and peaking some degrees into 
the periphery. 19 A similar organisation 
appears to exist in man, and to be disrupted in 
Parkinson's disease.2o The screen was sur
rounded by a dark surround, and the experi
mental room was dimly lit. 

Procedure 
Contrast thresholds 
The subject was instructed to fixate the central 
point throughout the procedure. On each 
presentation, at an auditory signal (tone) 
from the computer, the subject adjusted the 
contrast of the initially blank screen until the 
grating, which appeared on one side only, 
could just be detected. Contrast was adjusted 
with push-buttons, one of which increased, 
while the other decreased, contrast. Simul
taneous depression of both buttons informed 
the computer, which acknowledged with a 
tone, that the subject was satisfied with the 
threshold setting. After an interval of five 
seconds, the next presentation began. The 
side of the screen on which the grating was 
presented, and its spatial frequency (0.5, 2 or 
8 c/deg), were selected at random on each 
presentation. Five threshold settings were 
made at each spatial frequency for each side 
of the screen. 

Contrast matching 
As for contrast thresholds, the subject 
adjusted the contrast of a grating on one side 
of the screen. However, a standard 2 c/deg 
grating was presented on the other side of the 
screen, and the subject had to match its appar
ent contrast by adjusting the variable, whose 
spatial frequency was either 0.5,2 or 8 c/deg. 
The contrast of the standard was either 10, 20, 
30 or 40%. Five presentations of the standard 
grating at each contrast were made on each 
side of the screen, paired with each of the 
three variable spatial frequencies. The side of 
the standard, and its contrast, were chosen at 
random on each presentation, and was sig
nalled to the subject by turning on one of two 
red LEOs, each positioned above one side of 
the screen. 

Pupillometry 
The subject adapted to a ring of LEOs at a 
luminance of about 0.5 cd/m2 in an otherwise 
dark room for 10 minutes. The LEOs were 
then brightened in square-wave fashion to 
about 390 cd/m2 for five seconds to produce 
the light reflex. These pulses were presented 
every 20 seconds for five minutes, and the 
luminance fell to 0.5 cd/m2 between flashes. 
Successive pupillograms were then averaged, 
and the maximum and minimum pupil dia
meter found by measuring electronically in 
the video signal produced by an infra-red TV 
camera the time (and so the distance) 
between the voltage steps corresponding to 
the edges of the pupil. The apparatus and pro
cedure are more fully described by Beaumont 
et al.21 

Subjects 
The eight subjects (three female, mean age 
44.4 years) all had a history which included a 
diagnosis of schizophrenia. They were stabil
ised on depot injections of neuroleptic (Stela
zine, Modecate or Baldol) with a mean 
inter-injection interval of three weeks. They 
were all working in an industrial therapy 
workshop, and living in the community or in 
sheltered hostels. The validity of the diagnosis 
of schizophrenia is irrelevant to the design of 
the study, which was concerned with the poss
ible visual effects of the neuroleptic injection. 

The data to be presented were gathered on 
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two testing occasions, one on the day before 
an injection and one two to three days after an 
injection. For half the subjects, the first test
ing session was pre-, and for half, post-injec
tion. So that they could gain experience of the 
tests and the laboratory environment, five 
subjects were tested on two, and three sub
jects on one, prior occasions. The data from 
these sessions were excluded from the 
analysis. 

Blood levels (and so presumably CNS 
levels) of neuroleptic vary between injec
tions,22 reaching a maximum two to three days 
after an injection and declining exponentially 
until just after the next injection. The times of 
testing were chosen to correlate with these 
differences. 

Results 
Contrast Matching 
The matches found, when the task was to 
match the contrast of one 2 c/deg grating to 
that of another 2 c/deg grating, are shown in 
Figure 1. If performances were perfect, the 
matched contrasts would fall on a straight line 
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Fig. 1. The contrasts required to match the apparent 
contrast of a 'variable' 2 c/deg grating to that of a 
'standard' 2 c/deg grating, at contrasts of 10, 20, 30 and 
40%. Perfect matches would fall on the dotted line with 
a slope of one. Squares represent matches made just 
before and circles matches made two to three days after 
a depot injection of neuroleptic. Data points are means 
of 10 settings by each of eight subjects. Pre-injection 
mean standard errors ranged from 1.21 (at 10% 
contrast) to 2.77 (at 40%); post-injection from 2.36 (at 
20% contrast) to 2.57 (at 10%). 

with a slope of one. The data are very close to 
this, suggesting that, in this condition, sub
jects could perform the task as instructed. 
Since the drug would be expected to affect the 
perception of both gratings equally, the pre
and post-injection matches should be similar, 
as indeed they are, suggesting that the sub
jects were using similar criteria in both test 
sessions. The Subjects (8) x Drug Status (2) x 
Contrast (4) ANOVA showed no significant 
effects of drug status (df=1,7; F<l; p>0.05), 
and no significant interaction between drug 
status and contrast (df=3,21; F=1.16; 
p>0.05), though there was a predictable 
highly significant effect of varying contrast 
(df=3,21; F=426.2; p<O.OOl). 

Figure 2 shows the matches to the contrast 
of the medium (2 c/deg) spatial frequency 
grating of the low (0.5 c/deg) and high (8 
c/deg) gratings. Different contrasts were 
needed to match the high and the low fre
quency gratings to the medium, regardless of 
drug status. However, the important feature 
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Fig. 2. The contrasts required to match the apparent 
contrast of a 'variable' grating (either 0.5 or 8 c/deg) to 
that of a 'standard' 2 c/deg grating. Open symbols are 
pre-, filled symbols post-injection matches. Circles 0.5, 
squares 8 cldeg. Pre-injection mean standard errors 
ranged from 2.31 (at 10% contrast, for 8 cldeg) to 8.43 
(at 40%, for 0.5 c/deg); post injection from 1.94 (at 
10%,8 c/deg) to 6. 78 (at 30%,0.5 c/deg). Other details 
as for Figure 1. 
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Fig. 3. Threshold contrasts for three spatial 
frequencies, 0.5,2 and 8 c/deg, before and after a depot 
injection of neuroleptic. Open symbols pre-, filled 
symbols post-injection. Pre-injection mean standard 
errors ranged from 0.66 (8 c/deg) to 2.7 6  (2 c/deg); post
injection 0.85 (8 c/deg) to 2.7 2 (2 c/deg). Other details 
as for Figure 1. 

of the data is that the injection affects the 
matches for the two spatial frequencies in 
opposite ways. Thus more contrast was 
required to match that of the high spatial fre
quency to the medium after injection, and less 
to match that of the low spatial frequency to 
the medium, than before injection. The effect 
of the injection rises with the contrast of the 
standard. From the Subjects (8) x Contrast (4) 
x Drug Status (2) x Spatial Frequency 
ANOYA, the main effects of contrast (df= 
3,21; F=39.9; p<O.OOl) and spatial frequency 
(df=1,7; F=1O.2; p<O.OS) were significant. 
The only interaction to reach significance was 
that of the drug status x spatial frequency 
(df=1,7; F=14.92; p<O.Ol), reflecting the 
opposite effects of the injection on the 
matches for the two spatial frequencies. 

Contrast thresholds 
Figure 3 shows contrast thresholds for the 
three spatial frequencies before and after 
injection. After injection subjects were more 
sensitive to the low and less sensitive to the 
medium and high spatial frequencies. Con
firming this impression, the Subjects (8) x 
Drug Status (2) x Spatial Frequency (3) 

ANOYA, showed (as well as a significant 
effect of spatial frequency (df=2,14; F=SS.9; 
p<O.Ol) a significant interaction between 
drug status and spatial frequency (df=2,14; 
F=1O.44; p<O.Ol). 

Pupillometry 
The mean pupil diameters measured at two 
luminances before and after injection are 
shown in Figure 4. The diameters measured in 
the two sessions are very similar, so that drug
induced changes in the pupil (and so in retinal 
illuminance) cannot account for the changes 
in the perception of contrast found in the 
study. 

Discussion 
The contrast threshold and contrast matching 
data give a coherent picture. The effect of the 
depot injection of neuroleptic was to increase 
sensitivity to the lower spatial frequency and 
to reduce the amount of contrast needed to 
match it to the medium spatial frequency, 
while it had the opposite effect on the higher 
spatial frequency. The drug also reduced sen
sitivity to the medium spatial frequency, 
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Fig. 4. Pupillary diameters at two luminances before 
and after a depot injection of neuroleptic. 
Measurements were made on averaged pupillograms, 
from a total of between 12 and 19 pupi/lograms per 
subject. Data points are mean diameters for eight 
subjects. Vertical bars are standard deviations. 
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though to a smaller extent than for the higher 
spatial frequency, which is consistent with the 
change in matched contrast between these 
two spatial frequencies. 

The contrast thresholds measured in this 
study are high, and suggest that subjects were 
using a conservative criterion. However, the 
changes superimposed on these thresholds by 
the drug are consistent. The changes in 
threshold produced by the presumed dopami
nergic blockage are similar to those reported 
by Bodis-Wollnerll in his comparison of Par
kinsonian patients and normal control sub
jects, namely a loss in sensitivity for medium 
and high spatial frequencies and an enhance
ment at low spatial frequencies. The present 
data suggest that such changes operate above, 
as well as at, detection threshold. They are 
consistent with the view that dopamine is 
important in the organisation of receptive 
field properties, perhaps in the retina, in 
human vision. The exact nature of the role of 
dopamine cannot be specified from the pres
ent study. One possibility is that dopamine 
blockage simply increases the size of the excit
atory centres of receptive fields, another that 
there is an additional effect on contrast gain. 
Both effects have br '�n suggested as physio
logical bases for dark adaptation,23,10 and so 
the data are consistent with the luminance 
adaptation hypothesis of dopaminergic ret
inal function. 

If pharmacological agents are to be tried as 
adjuncts to conventional environmental ther
apy for amblyopia, then dopamine agonists 
seem worth considering. Some of the studies 
described above suggest that they will have 
the opposite effects to the depot neuroleptic 
used here. The exact nature of these effects is 
not yet clear, but they appear to include an 
improvement in acuity or contrast sensitivity 
of neurones with small receptive fields. As 
this paper goes to press, a report has appeared 
of improvement, after administration of 
L-dopa, in human contrast sensitivity in 
amblyopia, which supports some of the spec
ulations made here.24 
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