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Peripheral vision suppression of melatonin 
Adler JS, Kripke DF, Loving RT, Berga SL. Peripheral vision 
suppression of melatonin. J. Pineal Res. 1992: 12:49-52. 

Abstract: The suppression of melatonin by bright light is probably 
mediated by the suprachiasmatic nucleus (SCN) in humans. In animals, 
SCN cells have broad visual receptive fields, suggesting that peripheral 
bright light could be effective for melatonin suppression. Twelve 
healthy subjects were subjected to 1000 lux illumination for 2 hr  from 
0100 to 0300 on two occasions: once lighting the central visual field 5" 
from the center of gaze and once lighting the peripheral visual field 60" 
lateral to the direction of gaze. Six subjects were observed on a third 
occasion in dim light. The three conditions differed significantly, with 
less melatonin secreted in 1000 lux, but melatonin levels with central 
and peripheral illumination did not differ. This suggests that 
phototherapy using bright light in the visual periphery may be effective. 

Introduction 

Direct control of melatonin secretion is mediated 
through an endogenous circadian pacemaker located 
in the suprachiasmatic nucleus (SCN) of the hypo- 
thalamus [Rusak, 19891. Environmental photic in- 
formation is transmitted to the SCN by the retino- 
hypothalamic tract. In normal subjects, pineal gland 
melatonin secretion is maximal at night and almost 
completely suppressed during the day [Arendt et al., 
1982; Wetterberg, 19831. The secretion of melato- 
nin is regulated by the environmental 1ight:dark 
cycle [Arendt and Broadway, 19871. Melatonin 
secretion may serve as an indicator of the state of the 
circadian system, including the SCN [Lewy et al., 
19861. 

Bright artificial light has been used to alter 
endogenous circadian rhythms in humans [Wever, 
1989; Czeisler et al., 19891. Bright light exposure at 
night also suppresses the nocturnal secretion of 
melatonin [Lewy et al., 19801. The intensity of light 
may control the degree of suppression [Brainard 
et al., 19881. This effect is presumably mediated by 
retinal stimulation, transmitted to the pineal gland 
via the SCN. The pathway may be similar to that 
which normally entrains melatonin to the environ- 
mental 1ight:dark cycle. Bright light has been used 
to treat certain psychiatric disorders (e.g., seasonal 
affective disorder (SAD) and major depressive 
disorders) [Rosenthal and Blehar, 19891. Some 
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investigators hypothesize that these disorders are 
associated with abnormally delayed, or advanced, 
circadian rhythms, and that bright light treatment 
may function by resetting these rhythms to the 
proper phase [Lewy et al., 19891. 

There has been considerable variation in practical 
approaches taken for light treatment. In some ther- 
apeutic bright light trials, subjects have been in- 
structed to intermittently gaze directly at a bright 
light source. Thus, the angle of incidence of light 
was equal to the direction of gaze for an undeter- 
mined portion of the exposure. The duration and 
angle of light impinging upon the peripheral visual 
field of the subjects were not investigated. In other 
trials, gazing continuously toward the light source 
was not required. Therefore, the extent to which 
effects of bright light have been due to exposure in 
the center of the visual field, versus exposure in the 
peripheral visual field, has not been well estab- 
lished. 

In mammals, SCN cells are known to have broad 
receptive fields for visual input; further retinal 
ganglion cells projecting to the SCN arc distributed 
throughout the retina [Groos and Mason, 1980; 
Pickard, 19791. Thus, it is possible that bright light 
impinging on the peripheral visual field in humans 
would be sufficient to suppress melatonin and to 
treat certain psychiatric disorders. In this study, we 
compared the suppression of nocturnal melatonin 
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secretion by bright light exposures in the center and 
in the periphery of the visual field. 

Materials and methods 

Twelve healthy male subjects (ages 20-29) with no 
history of psychiatric illness consented to partici- 
pate in this study. After the nature of study was 
explained, informed consent was obtained from 
each subject. Subjects were then exposed to both 
central bright light and peripheral bright light on 
two separate nights at least 1 week apart. Orders of 
exposure were counterbalanced. For 48 hr prior to 
each trial, the subjects refrained from consuming 
alcohol, and 24 hr prior to each trial, the subjects 
refrained from consuming caffeine and chocolate, 
because these substances might affect circadian 
rhythms. 

On trial nights, subjects arrived at the hospital at 
2230. Dark glasses were used to reduce the illumi- 
nation exposure, while an intravenous line was 
started. EDTA ( 1.5 mgiml) was used as an antico- 
agulant because heparin may interfere with melato- 
nin assays. Subjects were then allowed to read or 
watch television in dim light ( < 50 lux) until 0100. 
Subjects were then exposed to 2 hr of bright light 
(1000 lux measured at the subject's eye level) from 
0100 to 0300. We used an Apollo Light Systems 
Brite Light with cool-white fluorescent bulbs as the 
1 ight source. 

An illumination of 1000 lux was chosen to 
suppress melatonin to an intermediate degree, so 
that any differences between peripheral and central 
exposure could be recognized. The illumination 
intensity was monitored using a UDT-351 photo- 
meter held 2 cm lateral to the subjects' eyes and 
directed at the light source. The photometer itself 
has a wide field of view. The subjects watched 
television during the light exposure in order to 
maintain a relatively constant direction of gaze. 
During the light exposures, the eyes of eight sub- 
jects were simultaneously videotaped. These video- 
tapes were later scored to quantify the duration of 
time each subject was looking directly at the tele- 
vision. The nontelevision-directed gaze time could 
not be quantified with regard to the altered direc- 
tions of gaze. 

For the central visual field exposure, the Brite 
Lite was placed directly next to a television set, 
resulting in an angle of incidence of bright light 
averaging 5" from the direction of gaze. For the 
peripheral visual field exposure, the Brite Lite was 
placed to the side of the subject, at eye level, to 
create an angle of incidence averaging 60" lateral to 
the direction of gaze. Half of the subjects received 
light from the right side on both trials, while the 
other half received light from the left side. 
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Six of the subjects repeated the study with dim 
light exposure ( < 50 lux) from 0100 to 0300 to 
confirm if the bright light exposures suppressed 
melatonin. 

Blood samples of 6 cc each were drawn every 15 
min from midnight to 0300 each night. Samples 
were anticoagulated with EDTA (1.5 mgicc) and 
centrifuged. Plasma was pipetted and immediately 
frozen on dry ice. Samples were stored at -2O'C 
and subsequently assayed. Melatonin was measured 
directly without extraction using previously-de- 
scribed direct radioimmunoassay methods [Berga 
et al., 1988; Fraser et al., 1983; Webley et al., 
19851. Assay sensitivity was 10 pg/ml. All samples 
were analyzed in duplicate. Intra- and interassay 
coefficients of variation were 8.1% and 10.9%, 
respectively. 

Results 

The mean plasma melatonin levels for the three 
types of light exposure (bright peripheral, bright 
central, and dim) at each time are shown in Figure 
1. In dim light, the normal increase in melatonin 
from midnight (2400) to 0200-0300 was observed, 
whereas after 0 100, melatonin concentrations were 
lower in both the central and peripheral 1000 lux 
conditions. Comparing the mean of four samples 
before bright light exposure ( 120s1245) with the 
mean of four samples at the end of exposure 
(0215-0300) in the central, peripheral, and dim 
groups with factorial repeated-measures ANOVA, 
we found a significant interaction of time (before or 
after 0100) and exposure group (ANOVA F = 
5.54, p = 0.024, DF = 10,2). There was, how- 
ever, no significant pair-wise difference between 
the central and peripheral 1000 lux groups at any 
time. 

Analysis of the trends (slopes) in melatonin 
concentrations over time also showed no significant 
difference between the effects of central and periph- 
eral light exposure. 

When melatonin levels of blood collected over 
3-hr periods were averaged (for each subject), the 
levels for central and peripheral illumination were 
correlated with r = 0.899 ( P  < 0.025). 

Analyses of the videotapes showed that all eight 
subjects had their eyes directed toward the televi- 
sion for at least 96% of the 2-hr light exposure 
interval (mean = 98%). 

Discussion 

We found that peripheral bright light and central 
bright light suppress nocturnal melatonin secretion 
to a similar degree. Although melatonin suppression 
and circadian phase-shifting may have different 
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Fig. 1 .  Mean melatonin (pg/ml) for subjects exposed to diffuse dim light, 1000 lux peripheral light, and 1000 lux control light. 

kinetics, the retinal mediation may be similar. Thus, 
the effects of peripheral bright light and central 
bright light on the circadian system could also be 
similar. The entire retina, or a substantial portion of 
it, may be involved in the normal daily entrainment 
of endogenous rhythms. Involvement of the periph- 
eral retina in circadian rhythm entrainment is con- 
sistent with previous evidence that SCN cells have 
broad receptive fields for visual input [Groos and 
Mason, 19801. 

These results suggest that peripheral bright light 
might be sufficient for treating certain psychiatric 
disorders. These findings support testing of periph- 
eral bright light in future therapeutic trials. The 
possible advantages of peripheral bright light over 
central bright light are two-fold. First, bright light in 
the peripheral visual field is more comfortable than 
central bright light, and subjects may engage in 
other, more enjoyable activities during the exposure 
(e.g., watching television or reading). Second, 
although the adverse effects of bright light exposure 
are thought to be minimal, there is some evidence to 
suggest that the peripheral retina is less susceptible 
than the central retina to damage by bright light 
[Lawwill et al., 19801. The correlation of mean 
melatonin concentrations after central and periph- 
eral illumination is consistent with previous data 
suggesting that individual melatonin secretion pat- 
terns are rather stable from night to night. 

Nevertheless, several surprising results require 
further reservation. Lin et al. [ 19901, Terman and 

Schlager [I9901 and Avery et al. [ 19911 have 
reported that surprisingly low levels of illumination 
during sleep are biologically active through closed 
eyelids. Goggles at 60 lux also may produce unan- 
ticipated effects [Levitt et al., 199 11. If these results 
are confirmed, there may be important determinants 
of light efficacy apart from illumination intensity 
and angle of view. 
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