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Our visual system does not act as a photometer simply for measuring luminance of light.
Rather it acts as an analyzer for estimating the reflectance of the surface (lightness), by which we
can perceive constantly white surface of an object as white under various illuminant conditions
(lightness constancy). The neural mechanisms of lightness have not been known yet. To examine
how the lightness is represented in neuronal activity of early visual areas, I recorded the
single-unit activity from the lateral geniculate nucleus (LGN) and the optic tract of anesthetized
and paralyzed cats, and examined responses to the circular patch with uniform luminance (center
stimulus) in the preferred polarity (increment of luminance for on-center cell and vice versa). The
center stimulus was presented for 500 msec to the large area (10 deg in radius) covering both the
cell’s classical receptive field (CRF) and the proximal area outside the classical receptive field
with or without a concurrent luminance change of the distal background area beyond center
stimulus (background stimulus, BG stimulus). Forty three percent of LGN neurons responded

significantly to the center stimulus, which were called as “surface-responsive neuron, SR neuron”.

Eighty three percent of the SR neurons showed luminance-dependent response. The response
magnitude increased in proportion to the degree of the luminance change of center stimulus, in
which the luminance-dependency was observed in late response but not in early response. The BG
stimuli modulated the late response but not the early response.

To examine whether the BG-modulated (brightness-related) responses correspond to
lightness, I calculated the ratio of the luminance between center stimulus and BG stimulus (C/BG
ratio) as a reflectance of the center stimulus and examined the C/BG tuning of the responses
obtained under 2 levels of center luminance. The C/BG ratio tuning curves of the late responses at
difference center luminance were similar well each other, suggesting that the late responses of SR
neurons represent lightness.

To know how intrageniculate GABAergic inhibition contributes to the formation of
lightness-related response, I also recorded neuronal activity before, during, and after

microiontophoretic administration of bicuculline methiodide (BIC), a specific GABA4 receptor
antagonist, and CGP52432 (CGP), a specific GABAp receptor antagonist. BIC with and without
CGP increased spontaneous discharges and response magnitudes, but did not change the C/BG
ratio tuning. These results suggest that lightness representation in the LGN emerges from
excitatory inputs but not inhibitory inputs.

To examine the source of the excitatory inputs, I recorded from the single optic tract (OT)
fibers under the same experimental conditions as LGN examinations. The OT fibers showed
lightness-related responses with similar response properties as LGN neurons except that time
course of center-stimulus-evoked spike response and BG-stimulus-evoked response modulation
were earlier than that of LGN neurons. Therefore, I concluded that a certain population of LGN
neurons represent not only luminance but also brightness and lightness, and those response
properties are possibly inherited from those of RGCs.
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