BOX 27.1

CENTRAL PATTERN GENERATOR NETWORKS

To establish a network as a central pattern generator network (CPG), one needs to show that the motor pattern can be generated in the absence of sensory input. This is the case for all networks discussed in this chapter, although in most cases sensory information interacts with the CPG for phase transitions.

To understand the intrinsic function of a given network, one needs as a minimal requirement to identify which nerve cells are part of the network, the synaptic interactions within the network, and the membrane properties of each cell type. A network like the one controlling locomotion (Fig. B27.1) can be turned on by signals from the brainstem commands region. If a population of excitatory interneurons (E) is turned on, and they interact synaptically with one another to some degree, burst activity can be generated. Such groups of excitatory interneurons can be said to form a burst generating kernel. It is easy to understand that when a group of interneurons are activated, they will generate a train of action potentials, but what is the mechanism responsible for terminating the activity and thus for generating a burst? In the spinal network generating locomotion in the lamprey, the cellular properties of the neurons are of critical importance. During each burst calcium and sodium ions accumulate intracellularly due to both synaptic and spike activity that engages different types of ion channels (Fig. B27.1). This in turn leads to an activation of calcium-dependent K+ channels and also potentially sodium-dependent K+-channels. They act in a hyperpolarizing direction in each neuron and help terminate the activity. Since the neurons interact, there will also be less excitatory drive as neurons progressively drop out. In Figure B27.1, the excitatory kernel has been drawn with only two E excitatory neurons, but in reality they represent a population of perhaps 40 or 50 interneurons. These interneurons are glutamatergic and activate both NMDA and AMPA receptors. There are a number of complementary processes that make the neurons cease being active at the end of a burst, and conversely to recruit neurons at the onset of a burst. 

In a network generating alternating activity—for instance, on two sides of a segment—there are two burst generating kernels, one on each side, connected with inhibitory neurons (Fig. B27.1). Thus when one kernel of excitatory neurons is active, the contralateral kernel is inhibited, and when its burst is terminated, the other side takes over due to the background drive from the brainstem. The crossed inhibitory neurons thus are responsible for the coordination beween the right and left sides, and they use glycine as a transmitter. 

A generalizing conclusion is that in a number of burst generating circuits for, for example, different forms of locomotion, respiration, and saccadic eye movements, burst generating kernels of excitatory interneurons play a key role. In all cases the synaptic interaction is critical, and the cellular properties contribute significantly.
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FIGURE B27.1 The segmental locomotor network of the lamprey. Schematic representation of the different components of the core neural circuitry that generates rhythmic locomotor activity. All neuron symbols denote populations rather than single cells. The reticulospinal (RS) glutamatergic neurons excite all types of neurons at the segmental level. The excitatory (E) neurons excite all three groups of neurons indicated, and the inhibitory neurons inhibit contralateral neurons and motoneurons (M). The reticulospinal neurons in turn receive excitatory drive from the mesencephalic (MLR) and diencephalic (DLR) locomotor regions, which at rest are under tonic inhibitory control from the output cells of the basal ganglia. When locomotor activity is to be initiated, the inhibitory control fromthe basal ganglia is removed (see above), and the network is free to operate. To the right, cellular mechanisms are indicated that aid in burst termination. During each burst, Ca2+ and Na+ ions accumulate in the cell that in turn activate calcium and also sodium-dependent K+ channels that progressively hyperpolarize the cells, thereby terminating ongoing spike activity.

