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ABSTRACT 

The study was primarily conducted to investigate whether spectrally opponent “color” 

(“blue” short wavelength versus “yellow” middle wavelength) information in daylight 

during the sunrise period affected the phase of the human circadian system. 

 

Ten subjects were exposed to artificial sunrises consisting of 445 nm plus 525 nm light 

at the cornea in the early morning (from 06:30 to 07:40) of each 30-hr session. Blue, 

yellow and unchanging “color” in simulated sunrises were compared with each other and 

with no sunrise (dark) in terms of their effects on (a) pupil constriction, (b) acute 

melatonin reduction as well as (c) phase shift. The three sunrise lighting conditions 

differed in circadian “color” based on spectral opponency computation derived from the 

human circadian phototransduction model, while maintaining the same relative 

illuminance level during the sunrise period. Subjects were exposed to all four conditions 

in a counterbalanced manner over the course of four weeks. Each session consisted of 

two nights (30-hr) with at least one week between sessions. Saliva samples were 

collected on two nights (from 20:00 to 01:00) of each session to measure phase shift 

changes of the two nights’ melatonin curves for each subject under each lighting 

condition. Saliva samples were also collected in the morning (from 06:30 to 08:00) to 

measure acute melatonin reduction before and after the light exposures. Pupil size was 

also measured (from 06:35 to 07:45) during the different light exposures. 

 

Under the dark sunrise condition, melatonin was significantly reduced as the morning 

progressed. Subjects’ melatonin levels under the blue sunrise and unchanging “color” 

sunrise lighting conditions were significantly reduced as well. But their melatonin was 

not significantly reduced under the yellow sunrise lighting condition as the morning 

progressed. In order to reduce variations in melatonin concentration among the subjects, 

the subjects’ melatonin data were normalized and statistically analyzed. It was found that 

subjects’ normalized melatonin concentrations were significantly reduced in the early 

morning under all four lighting conditions as the morning progressed. Moreover, 

subjects’ melatonin concentrations (both before and after normalization) were reduced 
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significantly more under the blue sunrise lighting condition than under the dark 

condition at the same time during the light exposure. 

 

Subjects’ pupils were not significantly constricted under the dark sunrise condition. This 

is as expected, because there was no light signal that could stimulate the retina to 

constrict the pupil under the dark condition. On the other hand, subjects’ pupils were 

significantly constricted under the three sunrise lighting conditions compared with the 

dark condition. However, there was no significant difference in pupil constriction 

between the three sunrise lighting conditions. The spectral sensitivity peak for pupil 

constriction was estimated to be 490 nm in 1962 by Bouma and 482 nm in 2007 by 

Gamlin et al. The spectral sensitivity of pupil constriction was thus expected to be about 

the same for both the 445 nm light and the 525 nm light that were used in this study to 

simulate the “color” changes of the sunrises. Although during the three sunrise lighting 

conditions, the relative power of the 445 nm light and the 525 nm light differed, their 

combined effects on pupil constriction were similar.  

 

All of the five methods for calculating the subjects’ phase shift went in the expected 

direction (Subjects’ circadian phases were delayed in the dark condition), but only one 

was significantly delayed. A delay in the dark is as expected because the internal 

circadian phase of humans is about 24.2-hr, a little longer than the 24-hr environmental 

light/dark (LD) cycle. However, there was no significant phase shift difference of the 

subjects between any two of the four lighting conditions. This too might be expected if 

all sunrises had the same effect. Light in the morning should slightly phase advance the 

subjects and if all sunrises had the same effect, then there would have been no 

differential phase change.   

 

Moreover, the high variability of the data inherent in the measurement as well as the 

unknown involvement of cryptochromes likely obscured the expected differential phase 

shift effect, if, in fact, such an effect exists. 




