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Autonomic Nervous System

Langley (1852-1925) coined the term autonomic nervous system.
The term autonomic nervous system (ANS) refers to collections of motor neurons (ganglia) situated in the head and neck, and in the thorax, abdomen and pelvis, and to the axonal processes of these neurons (Fig. 1). Preganglionic axons, processes of preganglionic neurons in the central nervous system, innervate the ganglionic neurons (final motor neurons). Axonal processes of these final motor neurons (post-ganglionic axons) innervate bodily organs (eyes, salivary glands, heart, stomach, bladder, blood vessels, etc). Complex autonomic ganglia in the walls of the stomach and small intestine are separately classified as the enteric nervous system. Autonomic nerves, together with neuroendocrine pathways and somatic motor nerves to skeletal muscle comprise the three motor outflows from the CNS.

Preganglionic cell bodies for the parasympathetic outflow are in the brainstem (cranial) and in the sacral spinal cord (sacral). The idea that the divisions oppose each other is a misleading simplification though many of their effects are in opposition. Neither division is ever activated in its entirety.

ANS pathways are divided into sympathetic and parasympathetic (around the sympathetic) divisions and enteric plexuses. Preganglionic cell bodies for the sympathetic outflow are in the thoracic spinal cord. Preganglionic cell bodies for the parasympathetic outflow are in the brainstem (cranial) and in the sacral spinal cord (sacral). The idea that the divisions oppose each other is a misleading simplification. Neither division is ever activated in its entirety. Rather, each division consists of a series of discrete functional pathways that may be activated from the CNS either independently or in patterns, according to the particular requirement of the particular daily activity that is contributing to bodily homeostasis. The primacy of integrative brain control of all bodily functions was recognized by Walter Cannon, but his idea that the brain activates sympathetic nerves diffusely and non-specifically during bodily emergencies (“fight or flight reaction”) is an over simplification. Different emergency states require different patterns of autonomic activity, and normal daily life (apart from emergencies) also requires patterned autonomic activity. The individual functions as a whole: there is just one nervous system.

Brain and spinal cord pathways regulating autonomic outflow

Autonomic preganglionic neurons are located in the brainstem (including the hypothalamus) and in regions of the spinal cord (Fig. 1). Brain centres controlling these preganglionic neurons have been defined by physiological studies and by a neuroanatomical technique in which a live virus, with affinity for autonomic nerves, is injected into a bodily organ, eg the wall of the stomach, the bladder or one of the salivary glands in experimental animals. The virus is transported to the autonomic nerve cell body in the ganglion. Here it replicates, spreads trans-synaptically and is then transported back into the CNS, to the preganglionic neurons, and then to neurons with direct axonal inputs to preganglionic neurons. “Higher order” brain regions relevant to control of autonomic function are then labeled in the subsequent waves of spreading viral infection.
Autonomic Neurotransmitters

All preganglionic autonomic neurons, both sympathetic and parasymapthetic use acetylcholine (ACh) as their fast excitatory transmitter. In the ganglia, ACh acts on a subclass of nicotinic receptors, distinct from nicotinic receptors at the skeletal muscle neuromuscular junction. Many preganglionic autonomic neurons also contain neuropeptides (co-transmitters) that mediate slow excitatory post-synaptic potentials, facilitating cholinergic transmission. Most sympathetic final motor neurons utilise noradrenaline (norepinephrine) as their primary transmitter, together with co-transmitters such as ATP and peptides such as neuropeptide Y (NPY) and galanin. Some sympathetic final motor neurons (especially those innervating sweat glands) use ACh as their main non-peptide transmitter. Parasympathetic final motor neurons pathways usually use ACh, nitric oxide, or both as non-peptide transmitters, as well as a wide range of co-transmitter peptides including vasoactive intestinal peptide (VIP), calcitonin gene-related peptide (CGRP), somatostatin and opioid peptides. No parasympathetic neurons use noradrenaline as a transmitter. Axons of final motor neurons ramify throughout their target tissues, typically smooth muscle, secretory tissue or cardiac muscle. Axon terminals are specialized for neurotransmission, but they usually lack the structures characteristic of conventional synaptic contacts. A number of target tissues are innervated by both sympathetic and parasympathetic nerves (eg the heart, the iris muscle, some salivary glands, the gastrointestinal tract and pelvic organs).

