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Mechanisms of Normalization in Primary Visual Cortex

Responses of neurons in primary visual cortex (V1) display a number of
nonlinearities, many of which are well captured by the normalization model (1)
in which local activity within V1 is pooled and then acts divisively on neuronal
responses within the network. The biological mechanism underlying this
divisive normalization signal is unknown, although shunting inhibition has been
proposed as a possible candidate (2,3). We consider three mechanisms of
inhibition: inhibitory current, a shunt conductance, and a varying “background”
of noisy excitatory and inhibitory synaptic activity. The first two forms of
inhibition are thought to be subtractive (4-6, but see 7) while the last form has
been described as divisive (6, 8-9). We examine which of these forms of
inhibition best reproduces normalization effects observed in V1, specifically
contrast-dependent saturation and masking of neuronal responses by sub-
optimal stimuli. In a computational study using leaky integrate-and-fire
neurons, we find that all three mechanisms of inhibition can produce contrast-
dependent saturation of responses like that observed in vivo. Masking, however,
is best reproduced when the normalization signal is a background of mixed
excitatory and inhibitory inputs.
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