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Gordon M. G. Shepherd recently wrote a stimulating Review?! that provides novel
perspectives on the potential role of the corticostriatal systems in neuropsychiatric disorders
ranging from autism and schizophrenia to Parkinson’s disease. However, we believe that
important differences between the rodent and primate brain are not sufficiently discussed in
this Review.

Dr Shepherd points out that the striatum is innervated by two different populations of
cortical neurons — the intratelencephalic (IT) neurons and the pyramidal tract (PT) neurons
— and discusses evidence for the hypothesis that disturbances in firing patterns of IT and PT
neurons might contribute to human neuropsychiatric disorders. This discussion is based
almost exclusively on data from the rodent literature and on the explicit assumption of an
“evolutionary conservation of IT and PT organization across species and cortical areas”.
However, the literature suggests that there are, in fact, substantial species differences in the
organization of the PT system. In rodents, the axons of cortical PT neurons branch heavily to
innervate subcortical targets, such as the striatum, thalamus, subthalamic nucleus, ventral
midbrain and brain stem2. As shown in FIG. 1a, PT neurons are differently organized in
primates: although the axons of a small subset of PT neurons sparsely branch to the striatum
and claustrum, these neurons do not innervate other forebrain or midbrain regions3.
Furthermore, careful studies in non-human primates have indicated that the
electrophysiological and functional properties of cortical PT neurons in the primary motor
cortex (M1) differ strikingly from those of corticostriatal neurons*-%. Importantly, recent
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data have shown that the electrophysiological activity of primate PT neurons is strongly
altered in the (resting) parkinsonian state, whereas the electrophysiological activity of
corticostriatal neurons is not affected®.

Species differences should also be considered when discussing dopaminergic projections to
the cerebral cortex (FIG. 1b). In rodents, mesocortical dopamine projections arise almost
exclusively from the ventral tegmental area (VTA) and terminate mostly in prefrontal
regions. The primary motor cortex, where a large population of PT neurons is located, is
only sparsely innervated by these fibres. By contrast, primates (including humans) have
gained a substantial dopaminergic innervation of M1 and related motor cortices’:8; this
innervation has arisen in large part from the substantia nigra pars compacta (SNc) and the
retrorubral area (RRA)%10, thereby suggesting a prominent role of cortical dopamine on PT
neurons in the M1 of primates, but not in rodents. These species differences in cortical
dopamine projections might be important for our understanding of the pathophysiology of
Parkinson’s disease, in which neurons in the SNc and RRA are far more affected by the
neurodegenerative process than those in VTA.

Thus, it seems that the organization of the corticostriatal system(s) and its modulatory
dopaminergic inputs has undergone substantial evolutionary change. We believe that the
resulting species differences deserve attention when interpreting data from animal studies
because they affect our understanding of the neural substrates of normal behaviour and of
the physiological disturbances that underlie neuropsychiatric disorders in humans.
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Figure 1. Highly simplified diagram of key anatomical differences between rodents and primates
with regard to pyramidal tract neurons (a) and the sour ces of dopamine innervation of
prefrontal/cingulate and M 1 cortices (b)

Red and black arrows are used to show projections from distinct neuronal populations. The
thickness of arrows in these diagrams indicates relative differences in the extent of target
innervation by the afferent inputs. For simplicity, some corticostriatal neuron subtypes are
not shown. M1, primary motor cortex; RRA, retrorubral area; SNc, substantia nigra pars
compacta; STN, subthalamic nucleus; VTA, ventral tegmental area.
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