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This metering device will be specifically configured to accurately quantify electromagnetic radiation
that stimulates the circadian and neuroendocrine systems of healthy humans. The meter's
wavelength sensitivity will match the wavelength sensitivity of the photoreceptors for circadian and
neuroendocrine regulation in humans. This device may also be used to quantify electromagnetic

radiation which is optimum for treating Seasonal Affective Disorders (SAD) or other light-
responsive disorders.

The science of photobiology involves the study of how the infrared, visible and ultraviolet portions
of the electromagnetic spectrum influence biological processes. There are two broad categories of
light measurement techniques: radiometric and photometric. Each measurement technique has its
merits and drawbacks relative to circadian regulation, neuroendocrine regulation and light therapy.
Radiometry is based exclusively on the physical properties of light - its energy and wavelength. A
radiometer measures the radiant power of a light source over a defined range of wavelengths.
Figure 1 illustrates an example of a radiometer detector response that measures radiant power from
the middle ultraviolet spectrum (290 nm) into the near infrared spectrum (770 nm). Radiometers
can be configured to measure different bandwidths across the electromagnetic spectrum. The
wavelengths within the designated bandwidth can be detected equally as shown in Figure 1, or
they can be filtered for differential sensitivity across the various wavelengths.

In contrast to radiometry, photometry is based on the selective responsiveness of the human visual
system. A photometer is simply a radiometer that has filters added to the detector which "shape”
the detector sensitivity to resemble the luminance (brightness) response of the human visual
. system. Thus, photometry is a special branch of radiometry. Figure 1 illustrates the well
characterized visual responses: photopic or day vision, and scotopic or night vision. Between
individual humans, there are substantial differences in visual responses. The curves shown in
Figure 1 represent sketches of the average response curves for the "standard observer" as
determined by the Commission Internationale de I'Eclairage (CIE 1987). The photopic and
scotopic visual functions are defined with reference to the adaptive state of the rod and cone
photoreceptors in the human retina. Radiometers can be filtered to detect only those relative
proportions of wavelengths that comprise the photopic or scotopic visual response. Such
photometers will detect photopic lux or scotopic lux, respectively. Specifically defined, lux
measures are measures of illuminance - the amount of light, or luminous flux, falling on a surface.
One photopic lux is one lumen per square meter (Im/m?).
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Most investigators operate from the assumption that light therapy 1s mediated via a pnotoreceptive
mechanism in the human eye as opposed to a photoreceptive mechanism in the skin or some other
part of the body. There is increasing evidence that the photoreceptive mechanism for the circadian
and neuroendocrine system or that mediates light therapy is not identical to the photoreceptive
system that mediates the sensory capacity of vision.
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rouns. 1-1. Response functions for three light detectors. Once line indicates the
characteristic response of a radiometer that has a flat seasitivity from 310 nm to 750
nm. The two other curves represent photomctric responses for photopic lux and

' scotopic lux, based on the Commission Internationale de I"Eclairage standard
observer (Commission Internationale de I'Eclairage 1987).
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It is not known which photopigment(s) transduce light stimuli for circadian regulation in
mammals. The aim of this ongoing study is to elucidate the ocular photoreceptor system for
regulating the human })ineal gland by establishing an action spectrum for light-induced melatonin
suppression. The 33 females and 31 males who have entered this study have a mean age of 24.5
% 0.4 yrs. and have normal color vision. Volunteers received full-field monochromatic stimuli
while their pupils were dilated with a mydriatic agent. The light exposure system was illuminated
by a xenon arc lamp connected to a grating monochromator, and an integrating sphere.
Monochromatic light exposures were between 2:00 and 3:30 AM. Blood samples were collected
before and after these light exposures and were quantified for melatonin by RIA. Each subject
was tested with at least seven different irradiances of one wavelength with a minimum of one week
between each nighttime exposure. Presently, over 600 individual nighttime melatonin suppression
tests have been completed with eight monochromatic wavelengths ranging from 440 nm to 600
nm. Fluence-response curves were completed with 10 irradiances at 505 and 555 nm for 8
subjects, each. The entire 505 nm curve is "shifted to the left" compared to the 555 nm curve.
For example, an equal photon dose of 4.19 x10!3 photon/cm?/sec stimulus at 505 nm induces a
mean control-adjusted melatonin suppression of 61%. In contrast, the same photon density at 555
nm induced a significantly lower (p<0.01) melatonin suppression of 15%. These data
- demonstrate that the cone system that mediates photopic vision is not the primary photoreceptor

system to transduce light stimuli for melatonin regulation in the human. Support: NIH
ROINS36590 (to GB) and NSF IBN9809916 (to MR).
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