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INTRODUCTION

Neurotransmitters

The principles of nerve cell communication

The cell body, or soma, of a neuron is like that of any other cell, containing
mitochondria, ribosomes, a nucleus, and other essential organelles. Extending from the cell
membrane, however, is a system of dendritic branches which serve as receptor sites for
information sent from other neurons. If the dendrites receive a strong enough signal from a
neighboring nerve cell, or from several neighboring nerve cells. The resting electrical
potential of the receptor cell's membrane becomes depolarized. This electrical signal
travels down the cell's axon, a specialized extension from the cell body which ranges from
a few hundred micrometers in some nerve cells, to over a meter in length in others. This
wave of depolarization along the axon is called an action potential. Most axons are covered
by myelin, a fatty substance that serves as an insulator and thus greatly enhances the speed
of an action potential. In between each sheath of myelin is an exposed portion of the axon
called a node of Ranvier. It is in these uninsulated areas that the actual flow of ions along
the axon takes place.(1,2)

Dozens of neurons can be involved in such a circuit, necessitating a sophisticated
communication system to rapidly convey signals between cells. Also, because individual
neurons can be up to 3 feet long, a rapid-relay mechanism within the neurons themselves is
required to transmit each signal from the site where it is received to the site where it is
passed on to a neighboring cell. Two mechanisms have evolved to transmit nerve signals:
First, within cells, electrical signals are conveyed along the cell membrane. Second, for
communication between cells, the electrical signals generally are converted into chemical
signals conveyed by small messenger molecules called neurotransmitters.(1,2)

Fig. (1): Nerve Cell(2)

Definition of neurotransmitters

Neurotransmitters are small molecules that are liberated by a presynaptic neuron into
the synaptic cleft and cause a change in the postsynaptic membrane potential.(3) This
change can be either a direct depolarization or hyperpolarization, or the activation of
second messengers that eventually lead to changes in firing rate. There are other molecules



Introduction

2

that act on the neuron and change its firing characteristics, but act from a distance and are
not involved in synaptic transmission, and these are called neuromodulators. The same
kind of molecule can act as a neurotransmitter or a neuromodulator, depending on its
action is synaptic or long range.(4)

A chemical can be classified as a neurotransmitter if it meets the following
conditions:

1. There are precursors and/or synthesis enzymes located in the presynaptic neuron.
2. The chemical must be present in the presynaptic element .
3. It is available in sufficient quantity in the presynaptic neuron to affect the

postsynaptic neuron .
4. There must be postsynaptic receptors and the ability for the chemical to bind to said

receptors .
5. A biochemical mechanism for inactivation must be present.(5)

Fig. (2): Chemical structure of D-aspartic acid, a common amino acid
neurotransmitter(5)

Classification of  neurotransmitters

Neurotransmitters can be divided into three principal classes, since they share some
enzymes or metabolic pathways ,Table (I).(6)

 The first class is made up of acetylcholine alone.
 The second class are the biogenic amines, that are molecules formed by an amino acid

losing a hydroxyl or carboxyl group.
 The third class is made up of amino acids.(6)
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Table (I): Classical neurotransmitters

Neurotransmitter Function Synthesis by (enzymes)

Acetylcholine Mostly excitatory Choline acetyltransferase

Bioactive amines
Dopamine Excitatory and inhibitory Tyrosine hydroxylase

Epinephrine Excitatory
Tyrosine hydroxylase and
dopamine –b- hydroxylase

Norepinephrine Excitatory
Tyrosine hydroxylase and
dopamine –b- hydroxylase

Serotonin Excitatory Tryptophan hydroxylase

Amino acids
Glutamate Excitatory Metabolic amino acid

Glycine Mostly inhibitory Metabolic amino acid

g- Aminobutiric acid
(GABA)

Inhibitor Glutamate decarboxylase

Neurotransmitters can act as inhibitory or excitatory signals to the postsynaptic cell,
by hyperpolarizing or depolarizing its membrane.

This happens because there are  small numbers  of neurotransmitters  but a great
variety of their receptors on different types of cells. Acetylcholine, for instance can act as
an excitator when it binds to one type of receptor, and as an inhibitor when bound on
another kind, even if both types of receptors are present in the same cell.(7)

When the neurotransmitter is an excitatory one, it causes depolarization of the
membrane. When it is an inhibitory neurotransmitter, it effectively causes
hyperpolarization of the membrane.(8)

Each neurotransmitter has a particular biosynthetic pathway. Including a particular
precursor, site of synthesis and specific enzymes ,Table (II).(9)


