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ABSTRACT 
Light can induce an acute suppression and/or circadian phase shift 

of plasma melatonin levels in subjects with normal color vision. It is 
not known whether this photic suppression requires an integrated 
response from all photoreceptors or from a specialized subset of pho- 
toreceptors. To determine whether normal cone photoreceptor sys- 
tems are necessary for light-induced melatonin suppression, we 
tested whether color vision-deficient human subjects experience light- 
induced melatonin suppression, In 1 study, 14 red-green color vision- 
deficient subjects and 7 normal controls were exposed to a 90-min, 
200-lux, white light stimulus from 0200-0330 h. Melatonin suppres- 
sion was observed in the controls (t = -7.04; P < O.OOl), all color 
vision-deficient subjects (t = -4.76; P < O.OOl), protanopic observers 
(t = -6.23; P < 0.005), and deuteranopic observers (t = -3.48; P < 

0.05), with no significant difference in the magnitude of suppression 
between groups. In a second study, 6 red/green color vision-deficient 
males and 6 controls were exposed to a broad band green light stim- 
ulus (120 nm with A,, 507 nm; mean 2 SEM, 305 + 10 lux) or 
darkness from 0030-0100 h. Hourly melatonin profiles (2000-1000 
h) were not significantly different in onset, offset, or duration between 
the two noups. Melatonin suppression was also observed after ex- 
posure to the-green light source at 0100 h (color vision deficient: t = 
-2.3: df = 5:P < 0.05: controls: t = -3.61: df = 5: P < 0.01) and 0115 h 
(color visiondeficieng t = -2.74; df = 5; P < 0.05; controls: t = -3.57; 
df = 5; P < 0.01). These findings suggest that a normal trichromatic 
visual system is not necessary for light-mediated neuroendocrine 
regulation. (J Clin Endocrinol Metab 81: 2980-2985, 1996) 

M ELATONIN is an indole synthesized by the pineal 
gland and is secreted in a 24-h circadian pattern (1, 

2). Characterizations of the daily variation in the melatonin 
rhythm have demonstrated that the hormone is secreted 
maximally during the nocturnal hours and minimally during 
the daylight hours. This pattern has been observed across 
mammalian species in both nocturnal and diurnal rodents 
and humans (3, 4). 

Acute pulses of light during the normally dark nocturnal 
hours induce a suppression of melatonin secretion in mam- 
mals (5,6) as well as in humans (7). Numerous studies have 
examined the relationship of stimulus intensity, wavelength, 
duration, and timing on light-induced melatonin suppres- 
sion (8-14). 

In addition to the acute effects on melatonin secretion, 
photic stimuli also entrain the circadian phase of the mela- 
tonin and other endogenous circadian rhythms (15-20). The 
effects of light on melatonin regulation are mediated by a 
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neural pathway beginning with the retina and projecting to 
the suprachiasmatic nuclei via the retinohypothalamic tract, 
which, in turn, relays photic information to the pineal gland 
and other brain nuclei (21-25). Although photoreceptors for 
both circadian and visual functions are located in the retina, 
the neural pathway for circadian modulation is distinct from 
the visual neural projections to the thalamus. Observations 
that visual blindness in humans caused by either retinal 
destruction or an interruption of the retinohypothalamic 
tract can result in a loss of entrained circadian rhythmicity 
(26-28) suggest that photic transduction of melatonin reg- 
ulation lies within the retina. Recent work, however, has 
identified retinally blind individuals with no conscious light 
perception who demonstrate entrainment of melatonin se- 
cretory rhythms (29). Given these findings, although light 
transduction in the visual system is a clear function of the 
cone and rod photopigments, the photoreceptor mechanism 
for circadian and neuroendocrine regulation remains unclear 
(30-32). 

The individual with a color vision deficiency is a viable 
model for the assessment of the role of color vision in human 
circadian phototransduction because of an inherent differ- 
ence in spectral color perception. In particular, specific de- 
ficiencies in color vision perception are based on underlying 
differences in cone photoreceptor pigment absorption spec- 
tra (33). In the case of protanopia, affected individuals behave 
as though there is a lack of the long wavelength-sensitive or 
red cone photoreceptor system, and in deuteranopia, indi- 
viduals behave as if there is a lack in the middle wavelength- 
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sensitive or green cone photoreceptor system. The following 
studies sought to examine whether red-green vision defi- 
ciencies might alter light-mediated melatonin suppression 
and the short term regulation of the melatonin rhythm. The 
results from these independent studies suggest that normal 
color vision is not necessary for light-mediated circadian and 
neuroendocrine regulation when using a broad band white 
light stimulus or a moderate band width (120 nm) light 
stimulus. These studies were conducted by separate research 
groups in different laboratories and in different countries, 
unaware of each other’s protocol until the completion of each 
study. 

Exp 1 
Experimental Subjects 

Both males (n = 18; mean age ? SEM, 24.2 t 0.7 yr) and females (n = 
3; age ? SEM, 27.3 + 3.4 yr) recruited from local student populations in 
the Philadelphia area participated in this study. All reported being free 
of medication and having normal sleep patterns before beginning the 
experimental protocol. Subjects signed an informed consent approved 
by the institutional review board of Thomas Jefferson University before 
participation. Subjects were asked to refrain from alcohol and caffeine 
after their evening meal on the nights of experimental observation. 

Screening resulted in the identification of 14 subjects with deficiencies 
in color vision (age, 25.3 ? 1.0 yr) and 7 controls with normal color vision 
(age, 23.4 2 0.6 yr). Further characterization of the color vision-deficient 
subjects revealed 5 protanopic observers, 6 deuteranopic observers, 1 
unspecified in deficiency, and 3 anomalous trichromatic observers. All 
color-deficient subjects exhibited color confusion along the red-green 
color vision axis. 

Exp 2 

Twelve healthy male volunteers (age, 32.7 ? 3.4 yr) participated in 
this study. All reported being free of medication and had normal sleep 
patterns before beginning the experimental protocol. All subjects signed 
an informed consent approved by the ethics committee of the South West 
Surrey Health Authority before participation. 

The screening protocol identified six red/green color vision-deficient 
subjects. Age-matched controls with normal trichromatic color vision 
were then identified and recruited. 

Two days before each experimental session, volunteers were asked to 
retire to bed at 2300 h and arise at 0700 h. Subjects were also asked to 
refrain from heavy exercise, alcohol, and caffeine consumption 12 h 
before the experiment. 

Exp 1 
Materials and Methods 

Before acceptance into the experiment, all subjects underwent a three- 
part screening procedure. Each subject had his/her color vision tested 
with either Ishihara’s Test for Color Vision (Kanehara Co., Tokyo, Japan) 
or the Standard Pseudoisochromatic Plates (Igaku-Shoin, Tokyo, Japan), 
the Farnsworth-Munsell Dichotomous Test D-15 (The Psychological 
Corp., New York, NY), and the Farnsworth-Munsell 100 Hue Test (Mun- 
sell Color, Macbeth/Kollmorgen Corp., Baltimore, MD). Subjects who 
passed the pseudoisochromatic plates were considered to have normal 
color vision and were used as control subjects. All subjects were further 
evaluated with the D-15 and the FM loo-Hue Test to determine the 
nature of any specific color confusion axis and to quantify discrimination 
deficiency by the IOO-hue error score. Unpaired Student’s two-tailed f 
test was employed to determine significant differences in error scores 
between the color-deficient and control groups. Color-deficient subjects 
were further evaluated using a Nagel anomaloscope to assess whether 
they were dichromatic or anomalous trichromatic observers, as evi- 
denced by the ability of the dichromatic individual to match pure red 
or pure green with the reference yellow of this test. 

After screening, each subject participated in the 2-night experimental 
protocol. On 1 night, subjects were exposed to uninterrupted darkness, 

whereas on the other night, subjects were exposed to a light stimulus. 
The order of the two experimental conditions was randomly assigned 
across subjects. On each test night, subjects arrived at the test facility at 
2345 h. At approximately 0015 h, one drop of 0.5% cyclopentolate HCI 
ophthalmic solution, an anticholinergic mydriatic agent (Cyclogyl, Al- 
con Laboratories, Fort Worth, TX), was placed in the eyes of each subject. 
After cyclopentolate treatment, subjects were blindfolded, seated in a 
dark room (<5 lux), and asked to remain seated until 0200 h. At 0200 h, 
lo-14 mL blood were drawn into ethylenediamine tetraacetate-treated 
tubes from each subject by antecubital venipuncture. 

On the predesignated light exposure night, subjects removed their 
blindfolds after the 0200 h sample and were seated in a modified Gold- 
mann perimeter. As previously described (34), the dome was illumi- 
nated with a polychromatic (white) stimulus provided by a quartz 
halogen incandescent lamp (model EJA, General Electric Corp., Cleve- 
land, OH), mounted in a source (FO-150-DPHM, Chiu Technical Corp., 
Kings Park, NY) that was fitted with a fiber-optic light guide (model 
SI-40-8, Chiu Technical) aimed at the top of the perimeter. Intensity was 
calibrated with an adjustable aperture at the light source to provide 200 
lux of light incident to the subject’s cornea. Illuminance was measured 
with an illuminance meter (Minolta, Osaka, Japan) at 0200 h and every 
30 min thereafter during the course experiment. Illuminance was ad- 
justed when necessary to maintain a constant level. During this expo- 
sure, the subjects were asked to keep their eyes open and their gazes 
fixed on a target in the back of the dome. The subject’s gaze and pupillary 
dilation were monitored at 0200 h and every 30 min thereafter by means 
of a telescopic reticle mounted at the back of the dome. After a 90-min 
light exposure, a second blood sample was drawn at 0330 h. After 
sampling was complete, the subjects were discharged. 

On the control (dark exposure) night, blood samples were collected 
at the same time points; however, subjects remained seated upright and 
blindfolded for the duration of the experimental period. The 2 study 
nights were separated by at least 1 week. 

Blood samples collected during the study were separated at 4 C by 
centrifugation, stored at -20 C, and later assayed for melatonin content 
by RIA using a technique derived from that of Rollag and Niswender 
(6). Before RIA, chloroform extracts of the plasma samples were washed 
twice with 15 vol(3 mL) petroleum ether. The radioiodinated melatonin 
analog was prepared by adding 1 pmol 5-methoxytryptamine and 1 
umol tri-l\r-butvlamine dissolved in 10 uL dioxane to 250 &i (0.1 nmol) 
dry Bolton-Hunter reagent (New England Nuclear Corp.; Boston, MA); 
the reaction was allowed to proceed for 10 min before electrophoretic 
separation of products. Assay results were not corrected for recovery 
(which has proven to be >95% in independent trials). The minimum 
detection limit of the assay was 0.5-2 pg/mL. Control samples contain- 
ing 23 and 113 pg/ mL melatonin gave interassay coefficients of variation 
of 8.8% and 10.5%, respectively. 

As previously described (35), using the plasma melatonin concen- 
trations associated with each time point, change scores for each exper- 
imental condition were calculated by subtracting the 0200 h melatonin 
level from the 0330 h melatonin level, yielding an index of melatonin 
change during the 90-min test period. By this convention, a negative 
change score indicated melatonin suppression, whereas a positive 
change score reflected a rise in the plasma melatonin concentration. 
Subtraction of the dark exposure change score from the light exposure 
change score yielded a control-adjusted index of melatonin suppression. 
Paired two-tailed Student’s f tests were employed to determine signif- 
icant differences between the dark exposure and light exposure change 
scores within subjects. ANOVA performed on the control adjusted 
change scores was used to test for significant differences between subject 
groups in the magnitude of plasma melatonin suppression. 

Exp 2 

Before acceptance into this experiment, all subjects were screened for 
color vision abnormalities using Ishihara’s Test for Color Vision (Kane- 
hara Co.). Subjects who failed the color plate test were identified as color 
deficient. Age-matched controls were subsequently recruited and sub- 
mitted to the Ishihara test. 

Subjects were studied on two occasions, separated by an interval of 
at least 1 week. On each experimental night, subjects were given a 
standard meal upon arrival at the Investigation Unit (University of 
Surrey). Between 1900-2000 h, an indwelling cannula was inserted into 
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a superficial radial vein. From 1900-2330 h, subjects experienced room 
lighting (150-250 lux). At 2330 h, subjects retired to bed in darkness (<l 
lux). 

On the predesignated light exposure night, subjects were awakened 
at 0030 h and seated before a light box fitted with fluorescent lamps 
(Vita-Lite, Duro-Test Corp., North Bergen, NJ) providing broad spec- 
trum white light (correlated color temperature, 5500 Kelvin; color ren- 
dering index, 91). The adherence of a filter [no. 424, Dark Green (Pri- 
mary), Strand Filters, London, UK] across the source produced green 
light stimulus (h,, 507 nm; range, 470590 nm). Illuminance was 
measured with an illuminance meter (Minolta). The range of illuminance 
produced was 250-370 lux, with a mean f SEM of 305 2 10 lux. Subjects 
were seated approximately 1.0 m from the source and instructed to look 
at a spot in the center of the light source. After a 30-min exposure, 
volunteers returned to bed until 0700 h, after which they were exposed 
to both indoor and outdoor illumination (400-5000 lux) until 1000 h. On 
the predetermined dark exposure night, subjects were similarly awak- 
ened at 0030 h and sat in darkness (<l lux) for the 30.min test period. 
Subjects returned to bed after the dark exposure until 0700 h. 

Blood samples were collected hourly from 2000-1000 h as well as at 
2330,0015,0030,0045,0115, and 0130 h. After samples were separated 
by centrifugation, plasma was stored at -20 C until analysis. Plasma 
melatonin levels were measured by direct RIA, as described by Fraser 
et al. (36). The minimum detection limit of the assay was 5 pg/mL. 
Plasma pools containing 119 and 226 pg/mL melatonin gave interassay 
coefficients of variation of 7.2% and 4.4%, respectively. 

Paired one-tailed Student’s t tests were employed to determine sig- 
nificant differences between the dark and green light exposures in both 
sets of subjects at the time points immediately after the exposure period 
(10). ANOVA performed on the control adjusted change scores was used 
to test for significant differences between subject groups in the magni- 
tude of plasma melatonin suppression. A plasma melatonin concentra- 
tion of 10 pg/mL was chosen as the reference value to determine onset 
and offset times as well as the duration of a subject’s nocturnal melatonin 
production. Onset and offset clock times were expressed as decimal 
values. Acrophases (hours and minutes) were calculated for each indi- 
vidual’s melatonin profile by the method of least squares using a cosine 
curve-fitting program (37). 

Exp 1 

Results 

The mean FM100 score t SEM for the control subjects was 
46 + 12.9, and that for the color vision-deficient subjects was 
231 t 24.5. These scores varied significantly between subject 
groups (t = -5.13; df = 19; P < 0.001) and thus provided a 
quantifiable assessment of the magnitude of color vision 
deficiency. 

After the 90-min exposure to 200-lux, full-field white light, 
a significant suppression of the plasma melatonin concen- 
tration was observed in both the control group (t = -7.04; 
df = 6; P < 0.001) and the color vision-deficient group [t = 
-4.76; df = 13; P < 0.001; with the color vision-deficient 
subject group including all (n = 14) color vision-deficient 
subjects identified]. Subdivision of the color vision-deficient 
subjects into diagnostic grouping allowed for the assessment 
of melatonin changes in subjects with specific known pho- 
toreceptive system deficiencies. Figure 1 illustrates the 
plasma melatonin change scores (in picograms per mL) for 
the two color vision-deficient diagnostic subgroups and the 
control subjects. Significant plasma melatonin suppression 
was observed in the protanopic observers (t = -6.23; df = 
4; P < 0.005) and the deuteranopic observers (t = -3.48; df = 
5; P < 0.05). Figure 2 demonstrates the comparison of the 
control adjusted melatonin change scores for each subject 
group. ANOVA yielded no significant difference in the mag- 

MELATONIN SUPPRESSION IN CONTROL, 
PROTANOPIC AND DEUTERANOPIC OBSERVERS 
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FIG. 1. Changes in plasma melatonin concentration in normal sub- 
jects (n = 7), protanopic observers (n = 5), and deuteranopic observers 
(n = 6) after a 90-min darkness exposure or a 90-min, full-field, white 
light exposure (200 lux). Subjects were exposed to both experimental 
conditions on 2 separate nights while their pupils were pharmaco- 
logically dilated. Mean preexposure plasma melatonin concentrations 
were 52.0 ? 4.5 pg/mL for the control group, 56.4 2 9.6 pg/mL for the 
protanopic observers, and 42.2 +- 9.0 pg/mL for the deuteranopic 
observers. Error bars represent the SEM. 

CONTROL-ADJUSTED MELATONIN 
SUPPRESSION IN ALL SUBJECT GROUPS 
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FIG. 2. Control adjusted changes in plasma melatonin concentration 
for the control group, protanopic observers, and deuteranopic observ- 
ers. Subjects were exposed to 90 min of darkness and 90 min of 
full-field, white light (200 lux) on 2 separate nights while their pupils 
were pharmacologically dilated. No significant differences were ob- 
served between these groups. Error bars represent the SEM. 

nitude of plasma melatonin suppression with the light stim- 
ulus between subject groups [F(2,17) = 1.7; P = 0.221. 

Exp 2 

Figure 3 depicts the melatonin profiles t- SEM of both the 
control and color vision-deficient subjects between OOOO- 
0200 h. Exposure to the 507-nm green light stimulus at 305 
lux from 0030-0100 h significantly suppressed plasma me- 
latonin concentrations in both groups at 0100 h (color vision 
deficient: t = -2.3; df = 5; P < 0.05; controls; t = -3.61; df = 
5, P < 0.01) and 01:15 h (color vision deficient: t = -2.74; df = 
5; P < 0.05; controls: t = -3.57; df = 5; P < 0.01). This figure 
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FIG. 3. Exposure to the green (A,,,, 507 nm; range, 470690 nm) 
light stimulus (mean, 305 z 10 lux; 0030-0100 h) significantly sup- 
pressed plasma melatonin concentrations at 0100 and 0115 h. Error 
bars represent the SEM. 

also describes the melatonin profiles ? SEM of both the con- 
trol and color vision-deficient subjects between 0000-0200 h. 
ANOVA yielded no significant difference in the magnitude 
of plasma melatonin suppression with the light stimulus 
between subject groups [F(l,ll) = 0.91; P = 0.361. Melatonin 
levels were significantly elevated on the night of light ex- 
posure (a rebound effect) at 0300, 0400, and 0500 h in the 
control group and at 0600 and 0700 h in the color vision- 
deficient group. 

Demonstration of light-induced melatonin suppression 
has been used in the past as an indicator that light input 
mechanisms to the general circadian system are intact. Re- 
cent work, however, has shown that there are different in- 
tensity-response relationships for light-induced melatonin 
suppression and light-induced phase shifting of wheel run- 
ning circadian rhythms in hamsters (13). Thus, it is possible 
that the acute effects of light on melatonin suppression and 
the longer term effects of light on circadian regulation are 
mediated by different retinal and neural mechanisms. In the 
studies reported here, one experiment examines the acute 
effects of light on melatonin suppression, whereas the second 
experiment assesses both light-induced melatonin suppres- 
sion and the short term effects of light on circadian features 
of the melatonin rhythm. The results of these independent 
experiments are consistent; a normal trichromatic visual sys- 
tem is not necessary for melatonin regulation. Neither ex- 
periment, however, attempts to characterize the longer term 
circadian effects of light on melatonin secretion in color vi- 
sion-deficient individuals. 

Analysis of the plasma melatonin rhythms of the control It must be emphasized that the isolation of color vision- 
and color vision-deficient subjects was performed using a deficient subjects was accomplished by a series of clinical 
cosine curve-fitting program (37). In both groups after dark- tests that identified anomalous color perception (38). Al- 
ness exposure, the onset (color vision deficient, 22.9 5 0.4 h; though these deficiencies may be along the neural pathway 
control, 23.4 2 0.5 h), offset (color vision deficient, 7.2 ? 0.3 h; projecting to the visual cortex or in the cortex itself, they 
control, 7.3 + 0.7 h), duration (color vision deficient, 8.2 ? probably lie within the retina as in the alteration or loss of a 
0.3 h; control, 7.9 2 0.6 h), and acrophase (color vision de- particular cone type or cone photopigment. This conclusion 
ficient, 3.08 2 0.14 h.min; control, 3.20 2 0.35 h.min) times is supported by previous research into congenital color vi- 
were similar. In addition, there were no significant changes sion deficits using reflection densitometry of the retina, 

in the onset, offset, or duration of the melatonin rhythms 
after light exposure. 

Discussion 

The experiments reported here represent a novel approach 
of examining light-mediated melatonin regulation in subjects 
with color vision deficiencies. These studies represent a col- 
laboration between two research groups, each independently 
seeking to determine whether a functional loss in a cone 
photoreceptor system could affect light-mediated melatonin 
regulation. In one study, acute melatonin suppression was 
observed not only across all color vision-deficient subjects 
regardless of specific deficit grouping, but also within diag- 
nostic subgroups (protanopia and deuteranopia). The mag- 
nitude of melatonin suppression with light in these color 
vision-deficient subjects was not significantly different from 
that in matched controls. In the other study, analysis of 
hourly profiles of the melatonin rhythm revealed no signif- 
icant differences between normal trichromatic controls and 
color vision-deficient subjects in the onset, offset, or duration 
of the rhythm. In this same study, an acute suppression of 
melatonin secretion was observed 30 and 45 min after light 
exposure in both color vision-deficient and control subjects. 
These findings suggest that a normal trichromatic color per- 
ceptual system is not necessary for light-mediated melatonin 
regulation. Further, these findings suggest that perceptual 
anomalies in either the long wavelength (red) perceptual 
system or the middle wavelength (green) perceptual system 
may not affect light-induced melatonin suppression when 
stimulated by broad spectrum light. 
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which has determined quantitative differences in cone pho- 
topigments among color blind individuals and normal 
trichromats (39). Subsequent genetic studies suggested that 
anomalous gene expression results in shifts of the cone pig- 
ment absorption maxima (33), such that clinically measur- 
able color vision deficits are observed using tests such as the 
FM-100 hue and Nagel anomaloscope. 

2. 
3. 

4. 

5. 

6. 

Protanopia and deuteranopia represent two relatively 
common color anomalies. A third, tritanopia, represents a 
color vision disturbance in the blue-yellow axis; however, 
little is known of its clinical characteristics owing to its rarity 
in the general population. Subsequently, the study of tri- 
tanopic circadian physiology may prove to be difficult. This 
work would be important, as some investigators working 
with animal models have suggested that a photopigment 
with a peak absorbance similar to that of the short wave- 
length (blue) photoreceptor may be integral for circadian 
phototransduction (9, 14, 31, 32, 40, 41). Others have sug- 
gested that a rhodopsin-like photopigment, similar to that 
found in the rods of the retina, may mediate circadian pho- 
toreception (9,14,30,42). Neither of these hypotheses has yet 
been carefully tested in the human model. Preliminary data 
of melatonin suppression using different wavelengths of 
light in healthy humans with normal color vision suggested 
a peak sensitivity for melatonin regulation at approximately 
500 nm (11). The action spectrum for that pilot study, how- 
ever, was not sufficient to clearly support any specific pho- 
toreceptor type as mediating the melatonin response to light. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

Finally, although the identity of the photoreceptor(s) re- 
sponsible for circadian phototransduction has yet to be char- 
acterized, work in blind humans and in retinally degenerate 
mice has suggested that a novel, as yet unidentified, system 
distinct from the visual system may be responsible (28,31,43, 
44). Although not addressing the possibility of a novel pho- 
toreceptive system, the data presented here suggest that at 
least two of the four known photoreceptor cell types in the 
human retina may not be necessary for light-induced regu- 
lation of the melatonin secretory rhythm. 

Our findings suggest that normal color perception is not 
necessary for light-mediated melatonin regulation in hu- 
mans when using broad band white and green stimuli. Fur- 
ther, our data suggest that the long wavelength (red) and 
middle wavelength (green) color perceptual systems may 
themselves not be necessary for modulation of the melatonin 
secretory rhythm with a broad band stimulus. Knowledge of 
the photoreceptive system that mediates circadian regulation 
may have direct clinical applications in the development of 
light therapy modalities for shift workers, astronauts, and 
others with circadian dysregulation. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

Acknowledgments 
29. 

The authors extend their thanks and appreciation to Dr. James Gaddy, 
Ph.D., of the Lemmon Co. for editorial review and donation of equip- 
ment, and to Dr. Joseph I. Markoff, M.D., Ph.D., and Elizabeth Affel, 
M.S., of the Visual Physiology Department of Wills Eye Hospital for their 
technical advice and use of their facility. 

30. 

31. 

References 32. 

1. Tamarkin L, Reppert SM, Klein DC, Pratt 8, Goldman D. 1980 Studies on the 
daily pattern of pineal melatonin in the Syrian hamster. Endocrinology. 
107:1525-1529. 

33. 

Arendt J. 1988 Melatonin [Review]. Clin Endocrinol (Oxf). 29:205-229. 
Reiter RJ. 1991 Pineal gland: interface between the photoperiodic environment 
and the endocrine system. Trends Endocrinol Metab. 2:1M9. 
Wetterberg L, eds. 1993 Light and biological rhythms in man. Stockholm: 
I’ergamon Press; l-448. 
Klein DC, Weller JL. 1972 Rapid light-induced decrease in pineal serotonin 
N-acetyltransferase activity. Science. 177~532-533. 
Rollag MD, Niswender GD. 1976 Radioimmunoassay of serum concentra- 
tions of melatonin in sheep exposed to different lighting regimens. Endocri- 
nology. 98:482-489. 
Lewy AJ, Wehr TA, Goodwin FK, Newsome DA, Markey SP. 1980 Light 
suppresses melatonin secretion in humans. Science. 210:1267-1269. 
Brainard GC, Richardson BA, King TS, Matthews SA, Reiter RJ. 1983 The 
suppression of pineal melatonin content and N-acetyltransferase activity by 
different light irradiances in the Syrian hamster: a dose-response relationship. 
Endocrinology. 113:293-296. 
Brainard GC, Richardson BA, King TS, Reiter RJ. 1984 The influence of 
different light spectra on the suppression of pineal melatonin content in the 
Syrian hamster. Brain Res. 294333-339. 
Bojkowski CJ, Aldhous ME, English J, et al. 1987 Suppression of nocturnal 
plasma melatonin and 6-sulphatoxymelatonin by bright and dim light in man. 
Horm Metab Res. 19:437-440. 
Brainard GC, Lewy AJ, Menaker M, et al. 1988 Dose-response relationship 
between light irradiance and the suppression of melatonin in human volun- 
teers. Brain Res. 454212-218. 
McIntyre IM, Norman TR, Burrows GD, Armstrong SM. 1989 Human 
melatonin suppression by light is intensity dependent. J Pineal Res. 
6:149-156. 
Nelson DE, Takahashi JS. 1991 Comparison of visual sensitivity for suppres- 
sion of pineal melatonin and circadian phase-shifting in the golden hamster. 
Brain Res. 554272-277. 
Brainard GC, Barker FM, Hoffman RJ, et al. 1994 Ultraviolet regulation of 
neuroendocrine and circadian physiology in rodents. Vision Res. 341521-1533. 
Arendt J, Broadway J. 1986 Phase response of human melatonin rhythms to 
bright light in Antarctica. J Physiol. 377:68P. 
Czeisler CA, Allan JS, Strogatz SH, et al. 1986 Bright light resets the human 
circadian pacemaker independent of the timing of the sleep-wake cycle. Sci- 
ence. 233667-671. 
Broadway J, Arendt J, Folkard S. 1987 Bright light phase shifts the human 
melatonin rhythm during the Antarctic winter. Neurosci Lett. 79:185-189. 
Lewy AJ, Sack RL, Miller LS, Hoban TM. 1987 Antidepressant and circadian 
phase-shifting effects of light. Science. 235:352-354. 
Czeisler CA, Kronauer RE, Allan JS, et al. 1989 Bright light induction of strong 
(type 0) resetting of the human circadian pacemaker. Science. 241328-1333. 
Minors DS, Waterhouse JM, Wirz-Justice A. 1991 A human phase-response 
curve to light. Neurosci Lett. 133:36-40. 
Moore RY, Lenn NJ. 1972 A retinohypothalamic projection in the rat. J Comp 
Neural. 1461-14. 
Pickard GE. 1982 The afferent connections of the suprachiasmatic nucleus of 
the golden hamster with emphasis on the retinohypothalamic projection. 
J Comp Neurol. 211:65-83. 
Klein DC, Smoot R, Weller JL, et al. 1983 Lesions of the paraventricular 
nucleus area of the hypothalamus disrupt the suprachiasmatic spinal cord 
circuit in the melatonin rhythm generating system. Brain Res Bull. 
10:647-652. 
Klein DC, Moore RY, Reppert SM, eds. 1991 Suprachiasmatic nucleus: the 
mind’s clock. Oxford: Oxford University Press; l-467. 
Card JP. 1994 Visual projections to the rodent hypothalamus. In: Merller M, 
P&et P, eds. Advances in pineal research, 8th ed. London: Libby; 41-50. 
Arendt J, Aldhous M, Wright J. 1988 Synchronisation of a disturbed sleep- 
wake cycle in a blind man by melatonin treatment. Lancet. 1:772-773. 
Folkard S, Arendt J, Aldhous M, Kennett H. 1990 Melatonin stabilises sleep 
onset time in a blind man without entrainment of cortisol and temerature 
rhythms. Neurosci Lett. 113:193-198. 
Sack RL, Lewy AJ, Blood ML, Keith LD, Nakagawa H. 1992 Circadian rhythm 
abnormalities in totally blind people: incidence and clinical significance. J Clin 
Endocrinol Metab. 75:127-134. 
Czeisler CA, Shanahan TL, Klerman EB, et al. 1995 Suppression of melatonin 
secretion in some bliid patients by exposure to bright light. N Engl J Med. 
332:6-11. 
Takahashi JS, DeCoursey PJ, Bauman L, Menaker M. 1984 Spectral sensitivity 
of a novel photoreceptive system mediating entrainment of mammalian cir- 
cadian rhythms. Nature. 308~186-188. 
Foster RG, Provencio I, Hudson D, Fiske S, DeGrip W, Menaker M. 1991 
Circadian photoreception in the retinally degenerate mouse (rd/rd). J Comp 
Physiol [A]. 169~39-50. 
Foster RG, Argamaso S, Coleman S, Colwell CS, Lederman A, Provencio I. 
1993 Photoreceptors regulating circadian behavior: a mouse model. J Biol 
Rhythms. 8:S17-S23. 
Nathans J, Thomas D, Hogness DS. 1986 Molecular genetics of human color 
vision: the genes encoding blue, green, and red pigments. Science. 232:193-202. 

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/81/8/2980/2875681 by guest on 24 April 2024



MELATONIN AND COLOR VISION DEFICIENCIES 

34 

35 

36 

37 

38 

39 

40 

Gaddy JR, Rollag MD, Brainard GC. 1993 Pupil size regulation of thresh- 
old of lieht-induced melatonin suunression. I Clin Endocrinol Metab. 
77:1398-;401. 

I I  

Brainard GC, Long RR, Hanifin JP, et al. 1994 Architectural lighting: bal- 
ancing biological effects with utility costs. In: Holick MF, Jung EG, eds. The 
biolo& effegts of light. New York- de Gruyter; 169-185. - 
Fraser S, Cowen I’, Franklin M, Franey C, Arendt J. 1983 Direct radioimmu- 
noassay for melatonin in plasma [Letter]. Clin Chem. 29:396397. 
Monk TH, Fort A. 1983 ‘Cosina:’ a cosine curve fitting program suitable for 
small computers. Int J Chronobiol. 8:193-224. 
Pokorny J, Smith VC, Verriest G, Pinkers AJLG, eds. 1979 Congenital and 
acquired color vision defects. New York: Grune and Stratton; l-409. 
Merbs SL, Nathans J. 1992 Absorption spectra of human cone pigments. 
Nature. 356:433-435. 
Milette JJ, Hotz MM, Takahashi JS, Turek FW. Characterization of the wave- 

41. 

42. 

43. 

44. 

length of light necessary for initiation of neuroendocrine-gonadal activity in 
male Djungarian hamsters. Proc of the 20th Annual Meet of the Sot for the 
Study of Reprod. 1987;192. 
Hotz MM, Milette JJ, Takahashi JS, Turek WF. Spectral senstivity of the 
circadian clock’s response to light in Djungarian hamsters. l’roc of the 2nd 
Annual Meet of the Sot for Res on Biol Rhythms. 1990. (Abstract 18). 
Bronstein DM, Jacobs GH, Haak KA, Neitz J, Lytle LD. 1987 Action spectrum 
of the retinal mechanism mediating nocturnal light-induced suppression of rat 
pineal gland N-acetyltransferase. Brain Res. 406~352-356. 
Faradji H, Cespuglio R, Rondot G, Paut L, Jouvet M. 1980 Absence of light- 
dark entrainment on the sleep-waking cycle in mice with intact visual per- 
ception. Brain Res. 202:41-49. 
Provencio I, Wong S, Lederman, AB, Argamaso, SM, Foster RG. 1994 Visual 
and circadian res$nses to light in aged r&nally degenerate mice. Vision Res. 
34:1799-1806. 

Epidemiology and Prevention of Infectious Diseases 
Fairmont Hotel Atop Nob Hill 

San Francisco, California 
February 641997 

This program provides an overview of the scope and methods employed in infectious disease epidemiology 
and research, the unique aspects of hospital epidemiology and infectious control, and the epidemiology and 
prevention of specific infectious diseases. The program is designed for all practitioners in the disciplines of 
epidemiology, public health, health administration, medicine, nursing, and related professions. 

The format features lectures and discussion with faculty. Topics to be covered include: HIV Infection, 
Tuberculosis, Sexually Transmitted Disease, Meningitis, Lyme Disease, Haemophilus Influenzae Infection. 

Chaired by John E. Conte Jr., MD, this program is presented by the Department of Epidemiology and 
Biostatistics of the University of California School of Medicine at San Francisco. The program is sponsored 
by UCSF’s Office of Continuing Medical Education. 

UCSF is accredited by the Accreditation Council for Continuing Medical Education, Room MCB-630, 
University of California, San Franscisco, California 94143-0742; phone: 415-476-4251; fax: 415-476-0318. 

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/81/8/2980/2875681 by guest on 24 April 2024


