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Melatonin Sensitivity to Dim White Light in

Affective Disorders

Pradeep |. Nathan, Ph.D., Graham D. Burrows, M.D., and Trevor R. Norman, Ph.D.

Both dim and bright light has been shown to suppress the
nocturnal secretion of the pineal hormone melatonin. Early
reports suggests that an abnormal response to light occurs
in patients with bipolar affective disorder, where as patients
with major depressive disorder respond similarly to
controls. It has been suggested that this abnormal
sensitivity of the melatonin response to light could be a trait
marker of bipolar affective disorder. However reports lack
consistency. Hence, we investigated the melatonin
suppression by dim light (200 lux) in patients with bipolar
affective disorder, seasonal affective disorder and major

depressive disorder. Results suggest that a supersensitive
melatonin suppression to light in bipolar affective disorder
(p < .005), and seasonal affective disorder (p < .05),
whereas patients with major depressive disorder display
similar suppression to controls. The supersensitivity may be
a mechanism where by phase-delayed rhythms, are re-
synchronised to a new circadian position. Conversely, an
abnormality may exist in the pathway from the retina to the
suprachiamatic nucleus. [Neuropsychopharmacology
21:408-413, 1999] © 1999 American College of
Neuropsychopharmacology. Published by Elsevier Science Inc.
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In mammals, melatonin is a hormone secreted by the
pineal gland in the hours of darkness. The regulation of
melatonin synthesis and secretion, and synchronicity
with the 24 hour clock, is achieved by the light-dark cy-
cle which conveys information to the suprachiasmatic
nucleus (SCN) via the retinohypothalamic tract (Lewy
and Sack 1986). It is believed that light plays an impor-
tant role by providing entrainment of circadian rhythms
and by suppressing melatonin during the day (Cassone
et al. 1993).
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Interspecies and interindividual differences have
been noted in pineal sensitivity to light (Laakso et al.
1991), and initial reports suggested humans were insen-
sitive to light at night (Vaughan et al. 1979). Further
studies have contradicted these results, suggesting only
quantitative differences between species, with very
bright light (above 1500 lux) sufficient to suppress hu-
man nocturnal melatonin secretion (Lewy et al. 1980).
More recent studies have investigated the relationship
between light intensity and melatonin suppression.
Whilst some researchers have reported no differences
in melatonin response to varying light intensities (1000
lux and 2500 lux) (Boyce and Kennaway 1987), more re-
cent reports have suggested that humans are sensitive
to lower levels of light (300 lux) (Bojkowski et al. 1987).
MclIntyre et al. (1989a) also reported a response to low
levels of light and suggested an intensity dependent re-
lationship between light and percentage of nocturnal
melatonin suppression (3000, 1000, 500, 350, and 200
lux), with no gender differences (Nathan et al. unpub-
lished observations).

Reports of disturbed circadian rhythms in patients
with bipolar disorder (periodic episodes of mania and
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depression) and seasonal patterns of high incidence of
the disorder (Duncan 1996) have encouraged the specu-
lation that photoperiodic mechanisms (such as the light
dark cycle) interacting with the circadian system might
be involved in the aetiology of bipolar disorder (Kripke
et al. 1978; Duncan 1996). Whilest initial reports sug-
gested little or no effect of dim light on melatonin secre-
tion in humans, the effect of light on the suppression of
melatonin in patients with bipolar disorder has been in-
vestigated. Early reports suggested bipolar disorder pa-
tients were supersensitive to the effects 500 lux of light
(Lewy et al. 1981) and that this may be a trait marker for
the illness (Lewy et al. 1985). Nurnberger et al. (1988)
have taken this hypothesis further and investigated fa-
milial sensitivity as a possible genetic marker. It was re-
ported that the supersensitivity in the melatonin re-
sponse to light was more likely amongst those with a
parent with bipolar disorder. Others have reported no
increased sensitivity to light in patients with bipolar
disorder or patients with major depressive disorder
compared to controls, but that those diagnosed as bipo-
lar disorder had significantly lower baseline melatonin
levels (Cummings et al. 1989; Lam et al. 1990). Whalley
et al. (1990) also reported no differences in sensitivity to
500 lux between euthymic (recovered) bipolar patients
and control subjects. These results are therefore in con-
flict with those reported findings of Lewy et al. (1985).

Patients with seasonal affective disorder (SAD) may
also show a supersensitive response to dim or bright
light compared to controls (Thompson et al. 1990; McIn-
tyre et al. 1990). Supersensitivity was only found in the
winter months suggesting an abnormal seasonal and
state dependent variation in the suppression of melato-
nin by light in SAD. However, Murphy et al. (1990)
found no abnormalities in a group of patients with SAD
when exposed to bright light.

We investigated the nocturnal melatonin response to
200 lux of light in a group of controls and patients with
bipolar disorder, seasonal affective disorder and major
depressive disorder.

METHODS

Patients attending for psychiatric treatment at the
North Eastern Health Care Network Psychiatric ser-
vices in Melbourne, Australia were selected for the
study. Patients selected were without any cormorbid
conditions and in good physical health, and met the
DSM-1IV (American Psychiatric Association 1994), crite-
ria for the diagnosis of bipolar disorder (BD), seasonal
affective disorder (SAD) and major depressive disorder
(MDD). Patients selected also met the DSM-IV criteria
for moderate to severe illness as assessed by a qualified
psychiatrist (Hamilton Depression Score > 20). All pa-

Melatonin Sensitivity in Affective Disorders 409

tients with MDD and SAD were drug free for at least
two weeks prior to the study. All patients with BD ex-
cept two (two out of eight patients) were on medica-
tion. These patients were on either lithium, lithium and
benzodiazepine combination or Lithium and a seroto-
nin re-uptake inhibitor (SSRI) combination. None of the
controls had any personal or family history of major af-
fective disorder, bipolar disorder, or any anxiety disor-
ders, and were free of any medication and serious phys-
ical illness. All subjects gave written informed consent
to participate in the study, which was approved by the
Committee of Human Ethics in Research, of the Austin
and Repatriation Medical Centre.

The study was conducted over a two year period, on
single nights throughout all seasons. Patients with SAD
were only tested in winter. Sixty three controls (aged
18-56 years; mean = SEM, 26.6 *+ 0.1 years), eight bipo-
lar patients (aged 23-72 years; mean = SEM, 44.9 + 5.2
years), six seasonal affective disorder patients (aged 27—
59 years; mean = SEM, 46.3 * 5.3 years) and nine major
depressive disorder patients (aged 23—48; mean = SEM,
35 *+ 2.6 years) completed the study. Both controls and
patients were required to attend the University of Mel-
bourne, Department of Psychiatry at 2000 hr on one
night. A butterfly catheter (21 gauge) was inserted into
each subjects median vein of the forearm (within the cu-
bital fossa). The catheter was kept patent with heparin-
ised saline (50 IU per 5.0 ml). The first blood sample
was collected at 2100 hr (in the light) into heparinised
plastic tubes. Controls or patients were then placed in a
dark room, with a background light intensity of 10-20
lux (20 times less intense than the intensity required to
suppress melatonin by 16% (McIntyre et al. 1989a). Fur-
ther blood samples were collected at the following
times; 2200 hr, 2300 hr, 2330 hr, 2345 hr, 2400 hr, 0030
hr, 0045 hr, 0100 hr, 0130 hr, 0200 hr and 0230 hr. Con-
trols or patients on each night were exposed to 200 lux
of light between 2400 hr and 0100 hr, using two Triph-
oshor high grade (500°K) fluorescent tubes. Light expo-
sure was between 2400 hr and 0100 hr in a sitting position.

Blood samples were immediately centrifuged for 15
min at 1000g after collection, plasma was aliquoted and
frozen at —20°C. Plasma melatonin was measured by a
specific radioimmunoassay by the method of Fraser et al.
(1983). The limit of detection of the assay was 1pg/ml
and the interassay coefficients of variation were less
than 12% for a plasma pool in the range of 15 to 65 pg/ml.

The percent suppression of melatonin was calculated
for each subject on the night of light exposure using the
formula; [(a-b)/a] X 100, where a = the average melato-
nin level at 2345 hr and 2400 hr and b = the average
melatonin level at 0045 hr and 0100 hr as described in
McIntyre et al. (1989a). A repeated measures analysis of
variance (ANOVA) was conducted to examine the
within subjects effect of time and the between subjects
effect of psychiatric diagnosis. The percentage suppres-



410 P.J. Nathan et al. NEUROPSYCHOPHARMACOLOGY 1999—VOL. 21, NO. 3

sion of melatonin between groups was analysed using a RESULTS

one-way ANOVA. Differences between groups were

investigated using the Student Newman’s Keuls (SNK) The mean nocturnal melatonin concentration vs time in
post hoc test. All tests were carried out using the statis- patients with bipolar disorder, major depressive disor-
tical program SPSS (SPSS 1986). der and seasonal affective disorder are shown on Fig-
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Figure 2. Percentage suppression of melatonin in
patient groups compared to controls. MDD, major
depressive disorder; SAD, seasonal affective disor-
der; BD, bipolar disorder. *p < .05, compared to
control and MDD. Results are expressed as mean *
SEM.

Control MDD SAD

Patient group

ures 1 a, b, and ¢, respectively. Repeated measures anal-
ysis of variance (ANOVA) showed a significant effect of
time (Fy; 33 = 22.2, p < .0005). No statistically significant
differences were found with diagnosis (F35, = 1.06, p =
.37), or time by diagnosis (Fs3g50 = 1.27, p = .14). The
mean percentage suppression of melatonin by 200 lux
of light in the patient groups compared to control is
shown on Figure 2. A one-way ANOVA conducted on
the percentage suppression of melatonin showed sig-
nificant differences between diagnostic groups (Fsg, =
6.73, p < .0005; Figure 2). Individual comparisons be-
tween groups were analysed using the SNK post hoc
test and significant differences were found between
some groups. (F-values indicated in Table 1).

DISCUSSION

The first finding of the present study is that patients
with BD are supersensitive with respect to their melato-
nin suppression by dim light compared to controls. In
contrast patients with MDD did not demonstrate signif-
icantly different suppression of nocturnal plasma mela-
tonin concentrations following light exposure when
compared to controls. The findings are similar to that of

Table 1. Summary of Statistical Results Showing
Significant Differences between Diagnostic Groups

% Suppression SAD MDD  Controls

BD 8 —43.57 3.66  24.07 29.24°
SAD 6 —39.91 20.34° 25.28°
MDD 9 —19.57 5.24
Controls 63 —14.33

p < 0.05.

BD

Lewy et al. (1981, 1985) and Nurnberger et al. (1988)
who likewise found a supersensitivity in bipolar pa-
tients, and Cummings et al. (1989) who found no differ-
ence in the light sensitivity between controls and pa-
tients with MDD. However, the study does not agree
with a more recent study that showed more suppres-
sion in the controls than in a group of patients with
MDD or BD (Lam et al. 1990), and the study of Whalley
et al. (1990) showing no differences in sensitivity to 500
lux between euthymic (recovered) bipolar patients and
control subjects.

The second finding form the present study is that pa-
tients with SAD also showed a supersensitive melato-
nin suppression to dim light. A supersensitivity in SAD
patients has been noted previously (Thompson et al.
1990; McIntyre et al. 1990). According to one hypothe-
sis, winter depressives are supersensitive to light and
become ill in the winter because centers in the brain
that monitor seasonal changes in day length respond
inappropriately to artificial light (Wehr 1992). This su-
persensitivity has been shown to be state dependent,
and revert to normal during summer or treatment with
light (Wehr 1992). However a study by Murphy et al.
(1990) found no difference in the sensitivity of melato-
nin to bright light between controls and SAD patients. It
was suggested that the lack of significance seen in the
latter study was due to a lack of a dim light control
night, and the fact that the test was not repeated in
summer (Thompson et al. 1990). This may not be a fac-
tor as the present study found significant differences
between the groups, and no control dim light test night
was conducted, nor was the test repeated in summer.

The similar suppression of melatonin found in pa-
tients with SAD and BD is not surprising given that the
original definition of SAD was made from an observa-
tion of Rosenthal (1984), in a bipolar patient who devel-
oped seasonal recurrent winter depressions. More re-
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cently a study suggested that the relapse of BD was
associated with seasonal factors (Silverstone et al. 1995).

An important aspect of differences between studies
may be attributed to varying methodologies between
studies. It has been suggested that inconsistent findings
may be attributed to factors that affect the melatonin re-
sponse to light. However, our preliminary studies have
examined some factors that affect the melatonin sup-
pression by light and we have shown that factors such
as age, gender, season, and menstrual cycle variations
do not affect the light sensitivity to 200 lux (Nathan et
al. unpublished observations). Hence the differences
observed at least in the present study with 200 lux, may
be due to an underlying abnormality in patients with
BD and SAD.

The precise mechanism involved in the apparent su-
persensitivity of the melatonin response to light in BD
and SAD is not known. The most likely site of the ab-
normal sensitivity may be the suprachiamatic nucleus,
and/or specific neurotransmitter or receptor systems in
the retinohypothalamic tract. Lewy et al. (1985) sug-
gested that the supersensitivity seen in patients with
BD could explain the observations of phase-advanced
circadian rhythms in patients with affective disorders.
It was hypothesised that increasing zeitgeber sensitivity
(time cue/light) would advance the circadian position,
a consistent finding in some patients with affective dis-
orders (Lewy et al. 1983; Wehr and Goodwin 1981).
Similarly, the circadian rhythms of patients with SAD
become phase-delayed in winter (Lewy et al. 1983), and
a greater sensitivity to the zeitgeber may be associated
with a more advanced circadian position (Minors and
Waterhouse 1981). In both disorders the supersensitiv-
ity may be a mechanism whereby the circadian rhythms
re-adjust with respect to the environmental day.

Alternatively, the mechanism involved in the super-
sensitivity may be a dysfunctional neurotransmitter/
receptor system. The neuronal pathway from the retina
to the SCN (via the retinohypothalamic tract) mediates
the suppressive effect of light and the entrainment of
the melatonin rhythm to the light/dark cycle (Moore
and Lenn 1972). Previous studies have indicated that
excitatory amino acids may be involved in photic en-
trainment of circadian rhythms and melatonin produc-
tion (Cowell et al. 1991; Ohi et al. 1993; Poeggeler et al.
1995). Further studies have shown that glutamate, the
dominant excitatory neurotransmitter in the central
nervous system, mediates photic entrainment (DeVries
et al. 1993). Pharmacological studies have revealed that
antagonists of postsynaptic receptors that mediate the
actions of this neurotransmitter block the light induced
suppression of melatonin (Cowell et al. 1991; Ohi et al.
1993). Hypothalamic N-methyl-D-aspartate (NMDA)
receptors coupled to a nitric oxide/cGMP signaling
pathway have been identified (Amir 1992; Cowell et al.
1990; Mikkelsen et al. 1995; Poeggeler et al. 1995). The
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observed supersensitivity to light in patients with BD
and SAD may thus be related to a NMDA receptor me-
diated mechanism.

Our present finding suggests that melatonin super-
sensitivity to light may be a trait marker specific for BD.
However, the supersensitivity observed in SAD may be
a state marker of the disorder as supersensitivity only
persists in winter months (Thompson et al. 1990). More
studies are warranted to determine if the supersensitivity
to light is a trait marker of BD. Furthermore studies in
SAD patients in both summer and winter is required to
determine if the supersensitivity is a state marker of SAD.
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