Table 48.1 Major Neurotransmitters

Neurotransmitter

Structure

Functional Class

Secretion Sites
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Excitatory to vertebrate
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Generally excitatory; may
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Serotonin Is Gatekeeper of New Fast Receptc
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(A) Ligand-gated ion channels (B) G-protein-coupled receptors
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Terminal button
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Parasympathetic
Cardiac and smooth muscle,

Medulla gland cells, nerve terminals

Sympathetic
Sweal glands
L
3 Sympathetic
Cardiac and smooth muscle,
. gland cells, nerve terminals
Spinal
cord

Sympathetic
Renal vascular smooth muscle

Adrenal medulla
Somatic
Skeletal muscle

Voluntary motor nerve
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Muscarinic Receptor Subtypes
(M- M;): Signal Transduction

Stimulatory: M, M, M, Inhibitory: M, M,

-

PLC = phospholipase C, AC

s adenyivl cyclase; SR = sarcoplasmic reticulum



nervous system, and at synapses in several parts of the nervous system,

There are several receptors for Ach. The major distinction Is between muscarinic and nicotinic receptors.
Muscarinic receptors are dominant in the CNS.

Five muscarinic receptor subtypes, known as M1-M5, have been demonstrated and loczlized in the central
nervous system (CNS). Acetylcholine has mainly excitatory effects but some muscarinic receptors are
inhibitory.

Each receptor shares common features including specificity of binding for the agonists acetylcholine and
carbamylcholine and the classical antagonists atropine and quinuclidinyl benzilate. All have 2 slow response
time. Each receptor subtype couples to a second messenger system through an intervening G-protein.

M1, M3 and M5 receptors stimulate phosphoinositide metabolism while M2 and M4 receptors Iinhibit
adenylate cyclase. When activated, the final effect can be to open or close channels for K+, Ca++, or CI-.

The tissue distribution differs for each subtype. M1 receptors are found in the forebrain, especiaily in the
hippocampus and cerebral cortex. M2 receptors are found in the heart and brainstem while M3 receptors
are found In smooth muscle, exocrine glands and the cerebral cortex. M4 receptors are found in the
neostriatum and M5 receptor mRNA is found In the substantia nigra, suggesting that MS receptors may
regulate dopamine release at terminals within the striatum.

Activation of the ml, m3, and m5 receptors causes cellular excitation, whereas activation of the m2 and
m4 subtypes produces inhibitory effects.

The muscarinic receptors in the brain are predominantly of the M1 type. In the central nervous system,
these receptors are blocked by muscarinic antagonists and stimulated by anticholinesterase.
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Dopaminergic functions:

Motor control (nigrostriatal system): bilateral lesion of the substantia nigra in rats, destroys the
nigrostriatal neuron, causes profound catalepsy. Animals with such lesion become so inactif that they

die unless artificially fed.
Unilateral lesions produced by 6-hydroxydopamine (6-OHDA) injection cause the animal to turn

in circle toward the lesioned side because of imbalance of the DA in the striatum between the

two sides of the brain.

Unilateral injection of apomorphine (DA-like agonist) into the striatum causes circling away

from the injected side.

Parkinson s Disease is associated with a deficiency of nigrostriatal dopaminergic neurons.
Behavioral effects: an excess of dopaminergic activity produced stereotyped behaviour patterns, and
can be produced by dopamine-releasing agents such as amphetamine or doapmine agonists such as
apomorphine.

Neurcendocrine: Hormone release from the anterior pituitary gland is regulated by DA, espedally
prolactin release (inhibted) and growth hormone release (stimulated).
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Serotonin receptors and functions:

There are several 5-HT receptors and mutliple subtypes. The main receptor subtypes in the CNSare:
SHT1A, 5HT1B, S5HT1D, 5HT2, 5HT3.

SH1A receptors are expressed as autoreceptors by the 5-HT neurons in the raphe nuclei. They are widely
distributed in the cortex and amygdala. They are the main target of drugs used to treat anxiety and
depression.

5-HT2 receptors exert an excitatory post-synaptic effect and are abundant in the cortex and hippocampus.
They are the target of hallucinogenic drugs. LSD inhibits the firing of 5-HT neurons in the raphe nuclei,

apparently by acting as an agonist on the inhibitory autoreceptors of these cells.
Serotonin pathways are associated with:

hallucinatory behavior, wet-dog shake

feeding behavior

control of mood and emotion

control of sensory pathways, including nociception
control of body temperature

vomiting




